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In vulvovaginal candidiasis, the proven efficacy of 3-day therapy with 
FEMSTAT Prefill means a microbiological cure in 95% of patients.’ 





1. Droegemueller W, Adamson DG, Brown D, et al: Three-day treatment with butoconazole nitrate for vulvovaginal candidiasis. Obstet Gynecol 1984;64:530-534. “In pregnant 
patients (second and third trimesters only), therapy should be extended to six days. tMicrobiological cure in 95% of patients (n= 126) eight days following FEMSTAT 3-day therapy 
+ Micrographs on file, Syntex Laboratories, Inc. Please see next page for brief summary of prescribing informatior 1990 Syntex Laboratories, Inc. 813-H2-166-90 


Artist's enhancement of scanning electron 1 microscopy (x 3500): C. albicans 24 hours posttreatment with butoconazole nitrate.* 
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Artist's enhancement of scanning electron microscopy (x 3500): C. albicans 72 hours posttreatment with butoconazole nitrate. 
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Artist's enhancement of scanning electron microscopy (x 3500): C. albicans one week posttreatment with butoconazole nitrate. 
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(dutoconazole nitrate) get 


So effective, it works with 3-day therapy. 
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TAT PREFILL 


(obutoconazole nitrate) Bei. 


BRIEF SUMMARY 


INDICATIONS: FEMSTAT® (butoconazole nitrate) 
vaginal cream 2% is indicated for local treat- 
ment of vulvovaginal mycotic infections caused 
by Candida species. Confirm the diagnosis by 
KOH smears and/or cultures. FEMSTAT can be 
used with oral contraceptives and antibiotics. It 
is effective in non-pregnant women and during 
the second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is contraindi- 
cated in patients hypersensitive to any of the 
ingredients. 


PRECAUTIONS: General: If clinical symptoms 
persist, repeat microbiological tests to rule out 
other pathogens and confirm the diagnosis. 
Discontinue drug if sensitization or irritation 
occurs. 


Information for the Patient: Do not discontinue 
prematurely during menstruation or because 
of symptomatic relief. 


Carcinogenesis: Animal studies have not 
been done. 


Mutagenesis: Mutagenicity studies were 
negative. 


Impairment of Fertility: Animal studies showed 
no impairment of fertility. 


Pregnancy Category C: Adverse effects were 
noted in animals treated with high oral doses. 
No studies were done in women during first 
trimester. Patients in the second or third 
trimester have shown no adverse effects 
attributable to the drug. 


Nursing Mothers: Use with caution. 


Pediatric Use: Safety and efficacy have not 
been established. 


ADVERSE REACTIONS: Vulvar/vaginal burning 
in 2.3% of patients, vulvar itching in 0.9%, 
discharge, soreness, swelling, itching of fin- 
gers each in 0.2%. Complaints caused 1.6% 
to discontinue drug. 


DOSAGE AND ADMINISTRATION: Non-preg- 
nant Patients: The recommended dose is one 
applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days 
Treatment can be extended for an additional 
three days if necessary. 


Pregnant Patients (second and third trimesters 
only): The recommended dose is one applica- 
torful of cream (approximately 5 grams) 
intravaginally at bedtime for six days 


CAUTION: 
Federal law prohibits dispensing without 
prescription. 


SYNTEX LABORATORIES. INC 
PALO ALTO CA 94304 
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MEDICINE: An 
Illustrated History 


By Albert S. Lyons, M.D., F.A.C.S. and R. Joseph 
Petrucelli II, M.D.; with 14 contributors 


This splendid survey will provide unending hours of 
pleasure. You'll enjoy relaxing with it after long hours in 
the office. 


¢ brilliant color pictures review every dimension of 
medical history 


e historical breakthroughs in medicine recorded with 
spellbinding prose 


e timeless classic makes a splendid gift 


1974. 618 pages, 1,020 illustrations including 250 in full 
color (Book Code: 03374) $42.95 (U.S.); $56.00 (Can.) 
Save time! Call toll-free: 800-426-4545, Monday-Friday, 
7AM-7PM, Central Time FAX orders, 314-432-1380 Attn: 
Direct Marketing Please mention this number when calling: 
FLR-619-999-03 In Canada, call collect: 416-298-2465 For 
Customer Service: 800-633-6699 Monday-Friday, 7AM-6PM, 


Central Time 
Mosby-Year Book * 11830 Westline Industrial Drive * St. Louis, MO 
63146 


Mosby-Year Book, Ltd. * 5240 Finch Avenue East * Scarborough, 
Ontario * Canada M1S 5A2 


BEER REE EER ERE EES See 
YES! Please send copies of (03374) Lyons, 
MEDICINE: An Illustrated History, priced at $42.95 
(U.S.); $56.00 (Can.), on no-risk, 30-day approval. 


SAVE MONEY! Send a check with your order or charge it to 
your credit card. Mosby-Year Book pays the postage on all 
prepaid orders. Please add $3.50 per order to cover handling 
charges. Other orders will be billed for postage and handling. 


O Payment enclosed 
LJ Bill me, plus postage and handling 


Charge my: LJ MasterCardL] visAL] AmEx 
Card # Exp. date 
Signature 


Business phone ( ) 

Name 

Address 

City 

State Zip 


If using a purchase order, please attach this coupon and send to 
Pat Newman at the Mosby-Year Book address. Outside the U.S. 
and Canada, please pay by check or money order in dollar 
equivalent. 30-day approval good in U.S. and Canada. Prices 
subject to change without notice. Add applicable sales tax. 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan a is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
cs | tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganil). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and non aptieka ater strains), Haemophilus influenzae 
including ampicillin-sesistant strains), Klebsiella species (including K pneumoniae), and E coli. 

and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by us aureus” (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species aao entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Pepfostreptococcus spare, 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus.” 


“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
Causative organisms and to determine their susceptibilities to cefotetan. ply may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vito against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially it higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
ead ag be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

PH $: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentiallycontaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary ‘ract sugen and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

lf there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of “A cume ane so that appropriate therapeutic measures may be initiated. 


CEFOTAN 4 contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous pera reactions to cefotetan disodium, cephalosporins, 
penicillins, or other dru is product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to m =ar if an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute vity reactions may require ae and other emergency measures. 

Pseudomembranous calitis has been reported with the use of cephalosporins (and other broad- 

m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electsolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
Sereg pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy appropriate measures should be taken. 

In common with many ather broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
‘ional state, the elderly ane patients with cancer. Prothrombin times should be monitored in patients at 
‘isk and exogenous vitamia K administered as indicated. 

Í oe one be usec with caution in individuals with a history of gastrointestinal disease, par- 
cularly colitis. 
INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
“eyynyakeonte| flushing, a headache, and tachycardia may occur when alcohol (beer, wine, 
tc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
Ud of alcoholic beverages following the administration of CEFOTAN. 
WG INTE S: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
Tone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


‘minoglycoside. 
JRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
Nith Benedict's or Fehling’s solution. 
| As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine \evels by Jaffe reaction and produce false increases in the levels of 
creatinine ae 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
‘nimals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
*efotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
-00 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN... 
(cefotetan disodium| 


In intra-abdominal and gynecologic infection 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and ery in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, ope at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1 day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this Gug o be used L. pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
en l mr tee: occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

He ogic reac abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
peas direct Coombs test (1 in 250), and thrombocytosis (1 in wind 

epatic enzyme elevations occurred in 1.2% of ore and included a rise in SGPT (1 in 150), SGOT 
( in 300), alkaline phosphatase (1 in m0) and LDH (1 in 700). 

y roe reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 700). 


| effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered sh regpeson or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of thei on, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
fg be adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 
*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 

When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: —— 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from va 


1 h in 10 mL vial (NDC 0038-0376-10) 2 gn 20 mL via (NOC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
Manufactured for 

STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 
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Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin"? 


less frequent dosing 
than cefoxitin” 


of cefoxitin” 


single-dose prophylaxis/ 


twice-daily treatment 





References: 1. Nightingale CH, Smith KS, Quintiliani R, Briceland LL, Cooper B. The 
conversion of cefoxitin usage to cefotetan: an interdisciplinary approach. Am J Surg. 1988; 
155(5A):101-102. 2. Sochalski A, Sullman S, Andriole VT. Cost-effectiveness study of 
cefotetan versus cefoxitin and cefotetan versus combination antibiotic regimens. Am J Surg 
1988:155(5A):96-101. 3. CEFOTAN® (cefotetan disodium) full prescribing information issued 
March 1986. 4. Physicians’ Desk Reference. ed 43. Oradell, NJ: Medical Economics Co; 1989 
Mefoxin® (cefoxitin sodium, MSD), pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH 
Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. Infect 


Surg. April 1986 (suppl), pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, Outman WR, 


Deckers PJ, Martens MG. Comparative pharmacokinetics of cefotetan and cefoxitin in patients 
undergoing hysterectomies and colorectal operations. Am J Surg. 1988;1 55(5A):67-70 

7. Centers for Disease Control. 1989 Sexually Transmitted Diseases Treatment Guidelines. 
MMWR. 1989;38(suppl S-8):1-43. 
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CLINICAL SECTION 
W Clinical Opinion 


Drug prophylaxis for human immunodeficiency virus-infected pregnant 1111 
women: Ethical considerations 


Howard L. Minkoff, MD, and Jonathan D. Moreno, PhD 
Brooklyn, New York 


The appropriateness of using new human immunodeficiency virus therapeutic agents, with 
unkrown fetal effects, in the antepartum period is discussed. 


Efficacy and safety considerations in women with uterine leiomyomas 1114 
treated with gonadotropin-releasing hormone agonists: The estrogen 
threshold hypothesis 


Andrew J. Friedman, MD, Susan M. Lobel, MD, Mitchell S. Rein, MD, and Robert L. Barbieri, MD 
Boston, Massachusetts 


Treatment of women with uterine leiomyomas with gonadotropin-releasing hormone agonists 
may be useful preoperatively; the addition of low doses of steroid hormones to 
gonadotropin-releasing hormone agonist therapy may be useful for long-term medical 
treatment. 


W Clinical Articles 


Contraception and ectopic pregnancy risk 1120 
Adele L. Franks, MD, Valerie Beral, MB, BS, Willard Cates, Jr., MD, MPH, and 

Carol J. R. Hogue, PhD 

Atlanta, Georgia 


To clarify the relationship between contraception and ectopic pregnancy, we estimated 
incidence rates of ectopic pregnancy for a variety of contraceptive methods. 
(Contents continued on page 7A) 
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ConoVu !!¢—4 visible im-rov m nt 
in ultrasound-guided aspiration. 


The clearly visible bright echoes on the real-time sonogram hole creates a highly visible echo on the US display. 





below mark a breakthrough in accuracy and safety for fine- The side holes also provide a significant increase in needle 
needle aspiration under ultrasound guidance. flow rate, and ensure free flow should the tip become 
SonoVu US, from E-Z-EM, is the first in a family of occluded—often the case with spinal or chiba needles. 
procedural needles designed specifically for enhanced Developed for use in amniocentesis, the SonoVu design 
ultrasound visualization. can offer similar benefits in such procedures as US-moni- 
Precisely formed 0.44 mm distal side holes on the cannula tored biopsy and cyst aspiration. For more information on 


closely match the wavelength of ultrasound generated by a 20- and 22-gauge SonoVu US needles from E-Z-EM, 
3.5 MHz transducer. Uniform diffraction of the wave at each call 1-800-544-4624. 
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For both the patient 

and the practitioner, 
E-Z-EM products set the 
standards for convenience, 
safety, and quality in: 


a Gi Radiology 

m Interventional Radiology 
m CT Scanning 

gw Ultrasound 


mw Magnetic Resonance 
imaging 


m Angiography 

= CEA Immunostaining 
u Radiation Oncology 
m Patient Prepping 

m Protective Products 


= Computerized Information 
Management Systems 


EA 


EZEM: 
s 


E-Z-EM, Inc. 
Westbury, NY 11590 


SonoVu US Needle Standard Spinal Needle 


© 1990, E-Z-EM. Inc, 
Reference: Amniocentesis Needle with Improved Sonographic Visibility. Radiology 1989; 171: 576 — S77. 
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Calcium supplementation during pregnancy may reduce preterm delivery 1124 
in high-risk populations 

Jose Villar, MD, and John T. Repke, MD 

Bethesda and Baltimore, Maryland 


Calcium supplementation in a high-risk population lowers blood pressure and may reduce the 
incidence of preeclampsia and prematurity. 


The association of intrapartum asphyxia in the mature fetus with 1131 
newborn behavior 


James A. Low, MD, Darwin W. Muir, PhD, Elizabeth A. Pater, RN, and E. Jane Karchmar, BA 
Kingston, Ontario, Canada 


Many newborns who have undergone an intrapartum asphyxial insult will not have evidence 
of central nervous system injury, 


Sexually transmitted diseases and human immunodeficiency virus 1135 
infection among women with pelvic inflammatory disease 


Bente Hoegsberg, MD, Ovadia Abulafia, MD, Alexander Sedlis, MD, Joseph Feldman, DrPH, 
Don DesJalais, PhD, Sheldon Landesman, MD, and Howard Minkoff, MD 
Brooklyn and New York, New York 


Women hospitalized with pelvic inflammatory disease and human immunodeficiency virus 
infection (15 of 110, 13.6%) had a hospital course similar to that of human immunodeficiency 
Vv rus—negative women with a trend toward more Operative interventions. 


The effect of large uterine fibroids on urinary bladder function and 1139 
symptoms 

Rami Langer, MD, Abraham Golan, MD, Menachem Neuman, MD, David Schneider, MD, 

lan Bukovsky, MD, and Eliahu Caspi, MD 

Zerifin, Israel 


Bladder symptoms were lessened after reduction of uterine fibroids by gonadotropin-releasing 
hermone analogs. 
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QUALITY 


STABILITY 


LEADERSHIP 


GROWTH 


SUPPORT 


REWARDS 





NZ 
KAISER PERMANENTE 
Good People. Good Medicine. 


RA 


NORTHERN CALIFORNIA 


The Permanente Medical Group, the largest multispecialty group 

practice in the U.S., is undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, Sacramento and the 
Central Valley. Our rapid increase in membership has created practice 
opportunities throughout the region for additional BC/BE Obstetricians 


and Gynecologists. 


Our physician-managed group is part of the comprehensive Kaiser 
Permanente Medical Care Program. As a TPMG physician, you have 
access to the latest medical technology and resources, the support of 
colleagues in all subspecialties — and the opportunity to provide 
excellent health care without the burdens of managing a practice. 


Join us in one of these facilities: 


Richmond — Small, congenial clinic 
setting staffed by five physicians and 
five nurse practitioners with ready 
consultation for other services, 
including perinatology. Practice 
general OB/GYN, high-risk obstetrics 
and infertility. Expertise in colposcopy, 
laparoscopy, hysteroscopy and laser 
welcome. Resident teaching 
opportunities exist. Staff call at Kaiser 
Hospital in Oakland, shared with 
resident staff. 


Oakland — Twenty physicians, 12 
residents offer services in oncology, 
infertility, maternal-fetal medicine and a 
large ICN. 


Redwood City — Specializes in family- 
centered maternity care; offers modern 
LDR rooms and full range of gyneco- 
logical surgery. With ten physicians, 
24-hour call is required three times 
each month. Beautiful Peninsula 
location, near San Francisco and the 
Pacific Ocean. 


Stockton — Small four physician 
department in a new clinic building 
with new equipment, including laser. 
Stockton's lifestyle is affordable and 
attractive, offering recreational activities 
such as boating on the inland water- 
ways. Centrally located, with moun- 
tains to the east and San Francisco Bay 
Area to the west. 


Roseville — Eight physicians and two 
nurse practitioners in clinic setting. 
Patients are hospitalized for delivery 
and surgery in Sacramento where 
physicians take call for L&D and 
emergency about 5 times each month. 


San Francisco — Full range of ser- 
vices including large high-risk, tertiary 
care OB service. Eighteen physicians, 
including GYN Oncologist. Residency 
program. Clinical research and aca- 
demic teaching appointments available. 


Sacramento — Growing metropolitan 
area between San Francisco Bay Area 
and Sierra Nevada mountains. Up-to- 
date facility with active staff of 14 and 
excellent residency program affiliated 
with the University of California at 
Davis. Flexible call averaging five 
shifts per month covers L&D, emer- 
gency room and inpatient services. 
Pleasanton — Staffed by four physi- 
cians and three nurse practitioners, 
clinic provides general OB/GYN ser- 
vices, non-stress tests, ultrasound and 
cystoscopy. Consultant support, in- 
cluding a Perinatologist, readily avail- 
able. Share call with staff of Walnut 
Creek Medical Center. Affiliated with 
the University of California at San 
Francisco as Clinical instructors. 


Fresno — Ground-floor opportunities 
in growing area for clinically-oriented 
individuals. Provide general OB/GYN; 
special interests encouraged. Planning 
new $26 million outpatient facility to 
accompany current medical office 
building. On call every fourth night 
and weekend. Local residency program 
at Valley Medical Center affiliated with 
the University of California at San 
Francisco. Teaching positions possible. 
South San Francisco — Ful! service 
except L&D. Nine physicians, six nurse 
practitioners. On San Francisco 
Peninsula, 15 minutes from downtown. 


TPMG offers many benefits: scheduled time off with cross-coverage provided by your 
colleagues, continuing education, malpractice insurance, a substantial retirement program 
and special arrangements for physicians transferring from established practice. For 
complete information, call or send CV to: The Permanente Medical Group, Inc., Richmond 
Prescott, M.D., Physician Recruitment Services, Dept. AOG-8348, 1814 Franklin, 4th Floor, 
Oakland, CA 94612. (800) 777-4912. EOE 
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The natural history of thrombocytopenia associated with preeclampsia 1142 
Vern L. Katz, MD, John M. Thorp, Jr., MD, Lynda Rozas, BA, and Watson A. Bowes, Jr., MD 
Chapel Hill, North Carolina 


Thrombocytopenia associated with preeclampsia should resolve by postpartum day 4. 


Continuing controversy in alloimmune thrombocytopenia: Fetal 1144 
hyperimmunoglobulinemia fails to prevent thrombocytopenia 

Umberto Nicolini, MD, Yuen Tannirandorn, MD, Pedro Gonzalez, MD, Nicholas M. Fisk, MD, 

Jerenry Beacham, MSc, Elizabeth A. Letsky, MD, and Charles H. Rodeck, MD 

Londen, England 


Week.y in utero platelet transfusions are the only treatment that guarantees a safe fetal 
platelet count in cases of severe alloimmune thrombocytopenia. 


Low fetal risks in pregnancies associated with idiopathic 1147 
thrombocytopenic purpura 
Robert F. Burrows, MD, and John G. Kelton, MD 


Hamilton, Ontario, Canada 


Because only 3 of 61 infants of mothers with idiopathic thrombocytopenic purpura had a cord 
platelet count of <50 X 10°/L, maternal interventions that lead to maternal morbidity cannot 
be justified. 


Laparoscopic ventrosuspensions 1151 
Ann F. E. Yoong, MB, ChB 


Merszyside, England 


Laparoscopic ventrosuspension does not appear to be helpful in the management of deep 
dyspéreunia or pelvic pain in women with retroverted uteri. 


Pregnancy-induced hypertension and acute fatty liver of pregnancy: 1154 
Atypical presentations 
Mark A. Brown, MD, George Passaris, MB, BS, and Mark A. Carlton, MB, BS 


Sydney, Australia 


Acute fatty liver of pregnancy and pregnancy-induced hypertension form a clinical continuum, 
and acute fatty liver of pregnancy may be seen with an isolated increase in hepatic alkaline 
phosshatase. 


Vibroacoustic stimulation and fetal behavioral state in normal term 1156 
human pregnancy 
Lawrence D. Devoe, MD, Cheri Murray, RN, David Faircloth, BS,.and Edgard Ramos, MD 


Augusta, Georgia 


Vibrdacoustic stimulation of norma! term human fetuses resulted in alterations of behavioral 
state that appeared to be related to prestimulus behavioral state. 
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Sucesastil conservative management of primary nonmetastatic cervical po in -4161 

choriocarcinoma E A er oe oe 
' Avraham Ben-Chetrit, MD, ‘Simcha Yagel, ÑD, Yiane’ Ariel, MD, David Zacut, MD, i a a A 
Shlomo Shimonovitz, MD, and Drorit C Hochney MD : | | | oy crea 
i - Jerusalem, Israel = oo ; a ee 5 Boe DT o : ay p 





Primary. cervical dor ean that occurred § in a a young: ` patient Sho desired to: ‘preserve . l 
her fertility, was s successfully treated by, local excision. of the.t tumor followed by chemotherapy. 


P. The prognostic significance of CA 125 half- life. in 1 patients with ovarian. ` 4 164 
-= cancer who have recelved primary chemotherapy after surgical ar a 
cytoreduction 


Verda J. Huntef, MD, Lee Daly, PA- C, Michael Hda PhD, Johi T Soper, MD, 


< Andrew Berchuck, MD, Daniel L. Clarke Peaison,, MD, and Robert C. Base Jr:, MD ° 

> Durham, North Carolina |. oe z ETE NA - E D i e e 
A CA. 125 half-life of <20 ioe cane primary chemotherapy was associated with prolonged “` 
survival i in patients with advanced d epithelial ovarian cancer. : 


af 


j idanagarient and outcomes of pregnancies complicated byt human B19 1168 
parvovirus infection: A prospective study .--". ©. X | - 7 


` John F. Rodis, MD, Dorothy L; Quinn, MS; G. William Gary, Jr., MPH, DrPH,. 


‘| ‘Larry J. Anderson, MD, Sally Rosengren, “MD, Matthew. L. Cartter, MD, 
- Winston A. Campbell, MD, and Anthony M. Vintzileos, MD" 3 


E Farmingion and H artford, Connecticut; and Atlanta, Georgia’ 


+ Human Bi9 parvovirus infection i in pregnancy is associated with a fetal loss rate of 5%. 
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‘Colon cancer in n pregnancy with’ elevated maternal serum e-tetoprotein,. ` 1172 
level at presentation -: | E 
, o Whitney Gonsoulin, MD, Brian Manoa, MD, and Robert J. Carpenter, Ji. MD ` l 


Houston, Texas an, ae Pie pee ae RNG, 


J ‘ 
` - 


S A éase of colon: cancer first : seen with elevated: maternal serum à a-fetoprotein levels in ` 
described. i ee 2 


Effects of hypertension on 1 pregnancy ‘monitoring and results : k ay a 4 173 i 
Jack W. Lenox, MD, Valentine Ue MD, and Luis. A. oe MD | | fae l as a i 
Chicago, Illinois. NE i Cie Sas eee ' ee 


AQ -year review of patients with hypertension reveals that a six- “base line i in late decelerations 
is a good predictor. of fetal outcome. : ge E T 


| Spontini infarction of placental choricangioma and associated E - ap, g 1180 
_ regression of hydrops fetalis . a or, ae 
‘Cynthia Chazotte, MD, Barbara au DO, Mordecai Koenigsberg, MD, and: eae R. Cohen, MD 


Bronx, New York 


We report infarction of a: ince chorioangioma associated with P A of iyd fetalis. 
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Ovarian pregnancy: A report of twenty cases in one institution 1182 
Ariel Raziel, MD, Abraham Golan, MD, Mordechai Pansky, Md, Raphael Ron-El, MD, 

Jan Eukovsky, MD, and Eliahu Caspi, MD 

Tel Aviv, Israel 


Twenty cases of primary ovarian pregnancy diagnosed, treated, and followed up in one 
institition are presented; all the potentially fertile patients used an intrauterine contraceptive 
device. 


Ultrasonographic detection of the second-trimester fetus with trisomy 18 1186 
and trisomy 21 
Norman Ginsberg, MD, Alan Cadkin, MD, Eugene Pergament, MD, PhD, and Yury Verlinsky, PhD 


Chicago, Illinois 


Bipa-ietal diameter/femur length ratio and nuchal thickness are sensitive prenatal indicators 
of trisomy 18 and trisomy 21. 


Second-trimester ultrasonography: Determinants of visualization of fetal 1191 
anatomic structures 

Val Catanzarite, MD, PhD, and J. Gerald Quirk, MD, PhD 

San Diego, California, and Little Rock, Arkansas 


Maternal weight, gestational age, and maternal skin thickness were the major factors 
affecting visualization of fetal anatomic structures in a prospective series of 573 
second-trimester ultrasonographic examinations. 


infertility and eating disorders 1196 
Donna E. Stewart, MD, G. Erlick Robinson, MD, David S. Goldbloom, MD, and 

Charlene Wright, BSc | 

Torcnto, Ontario, Canada 


A previously undisclosed eating disorder (anorexia nervosa, bulimia nervosa, or eating 
disorder not otherwise specified) was discovered in 16.7% of consecutive infertility clinic 


patients. 


rd 


Postpartum osteomyelitis caused by group B streptococcus 1200 
K. Eerkowitz, MD, and R. McCaffrey, MD 
New York, New York 


Postpartum group B streptococcal osteomyelitis developed in a woman with vaginal 
colonization of group B streptococcus organisms and necessitated total hip replacement. 


Antenatal spontaneous perforation of the extrahepatic biliary tree 1201 
Syam Chilukuri, MD, Virgilio Bonet, MD, and Mason Cobb, MD i 
Eas: Lansing, Michigan 


Spontaneous perforation of the biliary duct can cause fetal ascites. 
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Antenatal diagnosis of - molybdenum cofactor deficiency 


R. George F.. Gray, PhD; Anne Green, MSc, Shishta Nadda Basu, MRCOG, Glyn Constatine, MD, 
Roy G. Condie, MD, Claude Dorche, PhD, Christine. Vianey-Liaud, PhD, and Pierre eae PhD 


Birmingham, United Kingdom, and Lyon, France. l 


The assay of sulfite oxidasé i in chorionic villus tissue allows a rapid and dearly diagnosis of 
| 'elyedenuen cofactor m me, T 


. Sveonoraiive evaluation of serum CA. 125, TAG | 72, and ca 15-3, in. 
. . patients. with endometrial carcinoma: l 


N John T. Soper, MD, „Andrew. Berchuck, MD, George J. Olt; ‘MD, Andon P. Soisson, MD; 
= Daniel L. Clarke-Pearson, ‘MD, and Robert C. Bast, Jr, MD | = r E 


i Durham, North Carolina 


S carcinoma. 


Tumor- associated antigen 4 assays were not. effective in detecting, soci. metastatic endometrial 


+ 4 


ao Maternal serum stetoprolsin levels in pregnancies complicated by ` 
‘diabetes: Implications for screening Programs 


' Alice O. Martin, PhD, ‘Lisa M. Dempsey, MS, John. Minogue, DMin, Kiang Lit, PhD, 
‘James Keller, MD, Ralph Tamura MD, and Norbert Freinkel, MD l 
: Chicago, Ilinois 
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| Maternal serum a-fetoproteini levels i in diabetic patients are negatively associated with: 


coe Ns 


: presence of early fetal growth deny < D fs oe Vg : 


7 16 
ee 


E Ri 


High infectious morbidity in Dannin women with insulin-dependent - 


| The effect of race c on the relationship between: fetal death and altered 


Cincinnati, Ohio. 


‘diabetes: An understated complication © 
Eric F. Stamler, MD, Maria L. Cruz, MD, Francis Mimouni, MD, Barak Rosein, MD, 


Tariq Siddiqi, MD, Jane ian! MS, ng Menachem Miodovnik MD 


Tasulin- -dependent. diabetis pregnant patients 2 are at significant rik for antepartuin and ` 
an postpartum infections; ‘infectious. moray may’ “be associated: with glycemic control. 


i 
4 a 


fetal growth. 


Richard Ferguson, MS, and Stephen A. Myers DO 
Chicago, Illinois 


; l Outcome- derived risk ascent shows that 10th percentiles birth Jebe do not consistently: 
pragi fetal death and that black, fetuses are more sensitive to 6 altered growth.. ` 


é 


Effects of intravascular fetal blood transfusion on fetal intracardiac 
' Doppler velocity waveforms k 
Giuseppe Rizzo, MD, Kypros H. Niċolaides, MD, Doménico Arduini, MD, and Stuart Campbell, MD 


: Rome, Italy, and London, England 


Intravascular fetal blood transfusion is associated with a temporary iaee in fetal cardiac,“ 
output that is proportional to the degree of oe in fetoplacental blood volume. | 
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Human fetal foramen ovale flow velocity waveforms relative to behavioral 1239 
states in normal term pregnancy l 


Jim. van Eyck, MD, PhD, Patricia A. Stewart, PhD, and Juriy W. Wladimiroff, MD, PhD 
Ro:terdam, The Netherlands i 


Averaged foramen ovale flow velocity increases during active sleep as compared with quiet 
sleep, suggesting increased right-to-left shunting at cardiac level. 


Suppression of serum insulin ievel by diazoxide does not alter serum 1243 
testosterone or sex hormone-binding globulin levels in healthy, 
nonobese women 


Jokn E. Nestler, MD, Roshnara Singh, MD, Dennis W. Matt, PhD, John N. Clore, MD, and 
Wiliam G. Blackard, MD 
Richmond, Virginia 


insulin suppression does not alter serum testosterone or sex hormone—binding globulin levels 
in ronobese, healthy women, suggesting that in these women insulin does not regulate 
testosterone metabolism. 


Intrapartum uterine rupture and inflammatory bowel disease 1247 
Ila M. Peterson, MD, and Bev Braak, MD 
Karsas City, Missouri 


This case report describes a previously undocumented association between steroid therapy for 
idicpathic inflammatory bowel disease and uterine rupture. 


Maternal serum Down syndrome screening: Free 6-protein is a more 1248 
effective marker than human chorionic gonadotropin 


James N. Macri, PhD, Ramana V. Kasturi, BE, MS, David A. Krantz, BS, Edward J. Cook, PhD, 
Norman D. Moore, Jean A. Young, Kathleen Romero, BS, and John W. Larsen, Jr., MD 
Carle Place, New York, and Washington, D.C. 


Ma-ernal serum screening for Down syndrome incorporating maternal age, a-fetoprotein, and 
the free 8-protein of human chorionic gonadotropin can achieve 80% detection efficiency. 


Prenatal diagnosis of congenital cytomegalovirus infection by virus 1253 
isolation from amniotic fluid 


Carl P. Weiner, MD, and Charles Grose, MD 
lowa City, Iowa 


Corgenital cytomegalovirus infection was diagnosed prenatally by virus isolation from the 
amriotic fluid of two pregnant women. 


PeWwimetry by magnetic resonance imaging in breech presentation 1256 
Area J. van Loon, MD, Albert Mantingh, MD, PhD, Cornelis J. P. Thijn, MD, PhD, and 

Eduard L. Mooyaart, MD, PhD 

Groningen, The Netherlands 


Pelvimetry with magnetic resonance imaging provides a safe and reliable method for pelvic 


assessment in breech presentation. 
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intraamniotic infection in the very early phase of the second trimester 1261 
Israel Goldstein, MD, Etan Z. Zimmer, MD, David Merzbach, PhD, Bezaleal A. Peretz, MD, and 

Etan Paldi, MD 

Haifa, Israel 


Intraamniotic infection can exist early in pregnancy, even with intact membranes, and in most 
cases without any clinical symptoms. | 


Placental histology in fetuses between 18 and 23 weeks’ gestation with 1264 
abnormal karyotype 

R. S. Kuhlmann, MD, PhD, A. L. Werner, MD, J. Abramowicz, MD, S. L. Warsof, MD, 

J. Arrington, RDMS, and D. L. Levy, MD 

Norfolk, Virginia 


Undervascularization of the placenta is seen in pregnancies complicated by abnormal 
karyotype. 


Carbon dioxide laser energy disperses human papillomavirus 1271 
deoxyribonucleic acid onto treatment fields _ 

Alex Ferenczy, MD, Christine Bergeron, MD, PhD, and Ralph M. Richart, MD 

Montreal, Quebec, Canada, and New York, New York 


Human papillomavirus deoxyribonucleic acid is present in anogenital skin that has been 
treated by carbon dioxide laser vaporization. 


Emergency treatment with recombinant tissue plasminogen activator of 1274 
pulmonary embolism in a pregnant woman with antithrombin Ill deficiency 


F. Baudo, MD, T. M. Caimi, R. Redaelli, PhD, A. M. Nosari, MD, M. Mauri, MD, G. Leonardi, MD, 
and F. deCataldo, MD 
Milan, Italy 


A 29-year-old pregnant woman with congenital antithrombin IJI deficiency and pulmonary 
embolism was successfully treated with recombinant tissue plasminogen activator without 
treatment-related complications to the newborn. 


Collagen metabolism in gynecologic patients: Changes in the 1276 
concentration of the aminoterminal propeptide of type Ill procollagen in 
serum | i. 

` Ulla Puistola, MD, PhD, Leila Risteli, MD, PhD, Juha Risteli, MD, PhD, and Antti Kauppila, MD 


Oulu, Finland 


Collagen metabolism measured with serum aminoterminal propeptide of type III procollagen 
is increased during the luteal phase of the cycle and in severe salpingo-oophoritis. 


W Current Development 


Why all placentas should be examined by a pathologist in 1990 1282 
Carolyn M. Salafia, MD, and Anthony M. Vintzileos, MD 
Farmington, Connecticut 


The clinical correlates of placental lesions and their clinical, as well as mediocolegal, 
implications for obstetric-neonatal practice are discussed. 
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Role of vasopressin in mediation of fetal cardiovascular responses to 1294 
acute hypoxia l 

Kathleen M. Piacquadio, MD, Robert A. Brace, PhD, and Cecilia Y. Cheung, Ph 

La Jolla, California 


Argirine vasopressin may mediate in part the fetal heart rate response to acute severe hypoxia 
but does not appear to regulate fetal blood volume, arterial pressure, or venous pressure 
responses to hypoxia. 


Autclogous antibodies eluted from membrane fragments in human 1301 
ovarian epithelial neoplastic effusions. Ill. Cytotoxic potential in vitro and 
characterization of antigen(s) 

William H. Kutteh, MD, PhD, Vicki V. Baker, MD, and George J. Doellgast, PhD 


Birmiagham, Alabama, and Winston-Salem, North Carolina 


Autolcgous antibodies eluted from the cellular membrane fragments obtained from human 
ovarian neoplastic effusions are capable of complement-mediated cytotoxicity of human 
ovarian tumor cells. 


Mechanism of action of interleukin-16 in increasing corticotropin- 1307 
releasing factor and adrenocorticotropin hormone release from cultured 

human placental cells 

Felice Petraglia, MD, Gian Carlo Garuti, MD, Biagina De Ramundo, MD, Stefano Angioni, MD, 

Andrea R. Genazzani, MD, and Louise M. Bilezikjian, PhD 

Modena, Italy, and La Jolla, California 


The addition of interleukin-18 increases corticotropin-releasing factor and adrenocorticotropin 
hormone release from cultured placental cells, acting in part via a prostaglandin pathway. 


Hypoxic acidemia, hyperviscosity, and maternal hypertension do not 1313 
affect the umbilical arterial velocity waveform in fetal sheep 
Robert J. Morrow, MD, S. Lee Adamson, PhD, Shelley B. Bull, PhD, and J. W. Knox Ritchie, MD 


Toronto. Ontario, Canada 


Hypoxic acidosis, hyperviscosity, and maternal hypertension in fetal sheep do not cause 
umbilical arterial velocity waveform abnormalities similar to those of growth-restricted human 
fetuses. 


A progesterone-induced blocking factor corrects high resorption rates in 1320 
mice treated with antiprogesterone 
Julia Szekeres-Bartho, MD, PhD, G. Chaouat, MD, PhD, and R. Kinsky, DV, PhD 


Pecs, Hungary, and Paris, France 


Administration of preformed progesterone-induced blocking factor counteracted the abortive 
effect of progesterone receptor block. 
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Effects of magnesium and isradipine on contractile activation induced by ` 1323 
the thromboxane A2 pneied U466 19 in Panes uteroplacental arteries in 
_ term pregnancy. 

- Kristjar Skajaa, MD, Danny Svane, MD, Karl-Erik Andersson, MD, PhD, ‘and Axel Forman, “MD, PhD 


Arhus, Denmark, and Lund, Sweden.. 


_ The thromboxane analog U46619 showed powerful vasoconstrictor. eiei in human maternal ` 
and fetal uteroplacental ‘arteries; the responses could be inhibited oy magnesium ; and the 
. calcium antagonist isradipine. 


The use of in situ hybridization to show human papillomavirus ae 1333. 
deoxyribonucleic acid in metastatic cancer cells within lymph nodes | | 
George Lewandowski, MD; Gregorio Delgado, MD, Robert W. ccd MD, Michael Farrell, PhD, 
A. Bennett Jenson, MD, and wyi D. Lancaster; PhD 

Washington, D.C. Es 


` Human papillomavirus type 16 deoxyribonucleic acid | iS shown within tumor: metastases fon 
cervical cancer primary. lesions with i in situ molecular hybridization. l 


2 Vasodilatory effects of nifedipine, methoxyverapamil, ‘and. sodium 1337 
nitroprusside on contractile responses of the ewe uterine SARSY at term a 
pregnancy 

Miguel Isla, DVM, PhD, and Donald C. eee PhD 

Ames, Iowa | 

: The vasodilating effects of nifedipine, D-600, and sodium nitroprusside in uterine arteries ` 

| ‘from eee are sa i and their. pe use for EPEE oe is discussed. ) - 


Fetal and internal response to intravenous infusion ofa thromboxane 1345 
synthetase inhibitor . 

John P.. Cardin, Jr., MD, Michael G. Ross, MPH, MD, M. Gore Ervin, PHD, A. Victoria Schaffer, MD, 

‘Frank L. Douglas, PhD, MD, and John P. Simke:. 

Torrance, California, and Summit, ‘New. Jersey” 


Administration of a thromboxane synthetase inhibitor to normotensive pregnant ewes ‘resulted - 
in maternal serum thromboxane. Bs suppression, unchanged maternal and Bo hemodynamics, 
and minimal placental drug transfer. i 


longae materialit exposure to high-low insulin concentrations - “© -= 1350 
alter liver but not brain insulin receptors i 
S. Devaskar, MD, K. E MD, L. Holla, BS, and F. Sadiq, MD 


St. Louis, Missouri 


Long-term exposure to high or low insulin concentrations alters the liver dasalin receptor 
abundance but fails to affect brain insulin receptors in rat mothers and fetuses. 


Venous and hepatic vascular responses to indomethacin and. = & 4 1357 
prostaglandin E, in the fetal lamb : 
René P. Paulick, MD, Rebecka L. Meyers, MD, Colin D. >. Rudolph, MD, PhD, and Abraham M. Rudolph; MD. 


San Francisco, California 


Prostaglandins have the effect of maintaining a modest degree of, relaxation of the düctis 
venosus and hepatic microcirculation during fetal- development. 
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LETTERS TO THE EDITORS 


Detinition of fetal asphyxia Richard B. Clark, MD Little Rock, Arkansas 1364 
Reply John W. C. Johnson, MD, and Douglas S. Richards, MD Gainesville, Florida 1364 

Cocaine effects on fetal behavioral state Bannie L. Tabor, MD, and Alex Soffici, MD Torrance, California 1364 
Reply Roderick F. Hume, Jr., MD, MAJ, MC, USA Washington, D.C. 1365 


Preeclampsia— An endothelial cell disorder plus “something else”? W. A. Liston and D. C. Kilpatrick, BSc, 
PhD Edinburgh, Scotland 1365 


Reply James M. Roberts, MD, and Robert N. Taylor, MD, PhD San Francisco, California 1366 


Possible therapeutic applications of cordocentesis David M. Sherer, MD, and Jacques S. Abramowicz, MD 
Rochester, New York 1366 


Serum levels of interleukin-2 and tumor necrosis factor-a in women with recurrent abortion 
Peter Mallmann, Andreas Werner, and Dieter Krebs Bonn, West Germany 1367 


What is birth asphyxia? Richard B. Clark, MD, and J. Gerald Quirk, MD, PhD Little Rock, Arkansas 1367 
Reply James A. Thorp, MD Kansas City, Missouri 1368 


Embryo migration responsible for ectopic pregnancies Botros Rizk, MB, BCh, and Peter Brinsden, MB, BS 
Londoa, England 1369 


Responsibility expands to extended family members Kay L. Saving, MD, Rodney A. McLaren, MD, 
Tim C Miller, MD, and Mary O’Connor, MSSW Peoria, Illinois 1369 


Does prophylactic amnioinfusion make a difference? Suneet P. Chauhan, MD New York, New York 1370 


R2ply Thomas H. Strong, Jr., MD, Gretchen Hetzler, MD, and Richard H. Paul, MD Phoenix, Arizona, and 
Les Angeles, California 1370 


Cordocentesis and immune thrombocytopenia— Continued Carl P. Weiner, MD Iowa City, lowa 1371 


Maternal serum unconjugated estriol levels are lower in the presence of fetal Down syndrome 
James E. Haddow, MD, Glenn E. Palomaki, BS, George J. Knight, PhD, Jacob A. Canick, PhD, Nicholas J. Wald, and 
Howard S. Cuckle, DPhil Scarborough, Maine, Providence, Rhode Island, and London, England 1372 


Reply James N. Macri, PhD, Ramana V. Kasturi, BE, MS, David A. Krantz, BS, Edward J. Cook, PhD, 
Shirazali G. Sunderji, MD, and John W. Larsen, Jr., MD Carle Place and Syracuse, New York, and Washington, D.C. 
1373 


Measures of test performance and predictive values Nicholas Kadar, MD Philadelphia, Pennsylvania 1374 


Reply Eyal Schiff, MD, Orit Moran, MD, Gilad Ben-Baruch, MD, and Joseph Menczer, MD Tel Hashomer, Israel 
1375 


Toxicity of vancomycin given during pregnancy J. B. Gouyon, MD, and A. M. Petion, MD Dijon, France 1375 
Reply Milagros P. Reyes, MD, and Enrique M. Ostrea, Jr., MD Detroit, Michigan 1376 

Ethics cf new reproductive technologies Robert J. Blaskiewicz, MD St. Louis, Missouri 1376 
Reply Professor Sir Malcolm Macnaughton Glasgow, Scotland 1376 

Twin transfusion syndrome Virginia J. Baldwin, MD Vancouver, British Columbia, Canada 1376 


Rep 'y Dinesh M. Shah, MD, and David Chaffin, MD Nashville, Tennessee 1377 
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($69.00 international). Prices include shipping. Payment must accompany all orders and must be in 
U.S. funds, drawn on a U.S. bank. 

Contact Mosby—Year Book, Inc., Circulation Department, 11830 Westline Industrial Drive, 
St. Louis, Missouri 63146-3318 USA; phone (314) 872-8370, ext. 7394. In the U.S., call toll-free: 
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“I was devastated 
when | found out 

| had genital herpes. 
What a relief 

when my doctor 
recommended a 
treatment program 
including Zovirax 
Ointment.” 


Zovirax® (acyclovir) Ointment 5% 
is an ideal complement to any treatment 
program for initial herpes genitalis. As 
clinical studies confirm, Zovirax Ointment 
5% significantly lessens the duration 
of pain, shortens viral shedding, and 
speeds healing." 


Whenever the comfort of a topical 
antiviral medication is desired, prescribe 
Zovirax Ointment 5% for initial herpes 
genitalis. It suits her needs—just when 
she needs it most. 


In initial herpes 
genitalis, 


ZOVIRAX 
(ACYCLOVIR) 
OINTMENT 5% 


Antiviral Action... 
Proven Results 





Please see brief summary of prescribing 
information on next page. 


References: 1. Lacey CJN, Meaden JD, Darville JM, et al. Topical 
acyclovir ointment in the treatment of genital herpes simplex virus 
infections. Eur J Sex Trans Dis. 1985;2:167-170. 2. Thin RN, Nabarro 
JM, Parker JD, Fiddian AP. Topical acyclovir in the treatment of initial 
genital herpes. Br J Vener Dis. 1983;59:116-119. 3. Corey L, Benedetti 
JK, Critchlow CW, et al. Double-blind controlled trial of topical 
acyclovir in genital herpes simplex virus infections. Acyclovir 
symposium. Am J Med. 1982;73:326-334. 
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ZOVIRAX 
(ACYCLOVIR) 
OINTMENT 5% 


Before prescribing, please consult full package insert, `à surhmary of which follows: 

INDICATIONS AND USAGE: Zovirax (Acyclovir) Ointment 5% is indicated in the management of initial 
herpes genitalis and in limited nonlife-threatening mucocutaneous Herpes simplex virus infections 
in immunocompromised patients. In clinical trials of initial herpes genitalis, Zovirax Ointment 5% has 
shown a decrease in healing time and in some cases a decrease in duration of viral shedding and 
duration of pain. In studies in immunocompromised patients with mainly herpes labialis, there was 
a decrease in duration of viral shedding and a slight decrease in duration of pain. 

By contrast, in studies of recurrent herpes genitalis and of herpes labialis in nonimmunocompro- 
mised patients, there was no evidence of clinical benefit; there was some decrease in duration of viral 
shedding. 

Diagnosis: Whereas cutaneous lesions associated with Herpes simplex infections are often 
characteristic, the finding of multinucleated giant cells in smears prepared from lesion exudate or 
scrapings may assist in the diagnosis.’ Positive cultures for Herpes simplex virus offer a reliable means 
for confirmation of the diagnosis. In genital herpes, appropriate examinations should be performed 
to rule out other sexually transmitted diseases. 

CONTRAINDICATIONS: Zovirax Ointment 5% is contraindicated for patients who develop hypersen- 
Sitivity or chemical intolerance to the components of the formulation. 

WARNINGS: Zovirax Ointment 5% is intended for cutaneous use only and should not be used in the eye. 


PRECAUTIONS: 

General: The recommended dosage, frequency of applications, and length of treatment should not 
be exceeded (see DOSAGE AND ADMINISTRATION). There exist no data which demonstrate that the 
use of Zovirax Ointment 5% will either prevent transmission of infection to other persons or prevent 
recurrent infections when applied in the absence of signs and symptoms. Zovirax Ointment 5% should 
not be used for the prevention of recurrent HSV infections. Although clinically significant viral resis- 
tance associated with the use of Zovirax Ointment 5% has not been observed, this possibility exists. 
Drug interactions: Clinical experience has identified no interactions resulting from topical or systemic 
administration of other drugs concomitantly with Zovirax Ointment 5%. 

, Mutagenesis, Impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 150 and 450 mg/kg/day given by gavage. These studies 
showed no statistically significant difference in the incidence of benign and malignant tumors pro- 
duced in drug-treated as compared to control animals, nor did acyclovir induce the occurrence of tumors 
earlier in drug-treated animals as compared to controls. In 2 in vitro cell transformation assays, used 
to provide preliminary assessment of potential oncogenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose 
used in one system and the resulting morphologically transformed cells formed tumors when inoculated 
immunosuppressed, syngeneic, weanling mice. Acyclovir was negative in another transforma- 

system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg acyclovir 
in rats or Chinese hamsters; higher doses of 500 and 1000 mg/kg were Clastogenic in Chinese 
hamsters. In addition, no activity was found in a dominant lethal study in mice. In 9 of 11 microbial 
and mammalian cell assays, no evidence of mutagenicity was observed. In 2 mammalian cell assays 
(human lymphocytes and L5178Y mouse lymphoma cells in vitro), positive response for mutagenici- 
ap Diye iraran ie pma but only at concentrations at least 1000 times the plasma levels 
achieved in man following topical application. 
Acyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day or in 
rats at subcutaneous doses up to 25 mg/kg/day. In rabbits given a high dose of acyclovir (50 
mg/kg/day, s.c.), there was a statistically significant decrease in implantation efficiency. 
Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day, p.o.), rabbit (50 mg/kg/day, s.c. and i.v.) or in standard tests in the rat (50 
mg/kg/day, s.c.). In a non-standard test in rats, fetal abnormalities, such as head and tail anomalies, 
were observed following subcutaneous administration of acyclovir at very high doses associated with 
toxicity to the maternal rat. The clinical relevance of these findings is uncertain.? There are no ade- 
quate and well-controlled studies in pregnant women. Acyclovir should not be used during pregnan- 
cy unless the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Zovirax is administered to a nursing 
woman. 


ADVERSE REACTIONS: Because ulcerated genital lesions are characteristically tender and sensitive 
to any contact or manipulation, patients may experience discomfort upon application of ointment. 
In the controlled clinical trials, mild pain (including transient burning and stinging) was reported by 
103 (28.3%) of 364 patients treated with acyclovir and by pit 1%) of 370 patients treated with 
placebo; treatment was discontinued in 2 of these patients. Other local reactions among acyclovir- 
treated patients included pruritus in 15 (4.1%), rash in 1 (0.3%) and vulvitis in 1 (0.3%). Among 
the placebo-treated patients, pruritus was reported by 17 (4.6%) and rash by 1 (0.3%). 

In all studies, there was no significant difference between the drug and placebo group in the rate or 
type of reported adverse reactions nor were there any differences in abnormal clinical laboratory findings. 
OVERDOSAGE: Overdosage by topical application of Zovirax Ointment 5% is unlikely because of limited 
transcutaneous absorption (see Clinical Pharmacology). 


DOSAGE AND ADMINISTRATION: Apply sufficient quantity to adequately cover all lesions every 3 
hours 6 times per day for 7 days. The dose size per application will vary depending upon the total 
lesion area but should approximate a one-half inch ribbon of ointment per 4 square inches of surface 
area. A finger cot or rubber glove should be used when applying Zovirax to prevent autoinoculation 
of other body sites and transmission of infection to other persons. Therapy should be initiated as ear- 
ly as possible following onset of signs and symptoms. 

HOW SUPPLIED: Zovirax Ointment 5% is supplied in 15 g tubes (NDC 0081-0993-94) and 3 g tubes 
(NDC 0081-0993-41). Each gram contains 50 mg acyclovir in a polyethylene glycol base. Store at 
15°-25°C (59°-77°F) in a dry place. 


1. Naib ZM et al. Cancer Res 33:1452-1463, 1973. 
2. Stahimann R, Klug S, Lewandowski C, et al. /nfection: 15(4): 261-262, 1987. 
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ACLS: Certification 
Preparation and A 


Comprehensive Review 


By Ken Grauer, M.D., F.A.A.F.P. and Daniel 
Cavallaro, N.R.E.M.T. 


"...1 defy a reader to find so much useful information, 
together, in a easy-to-find place again!" (JEMS, review) 


NEW sections on airway management, achieving 
intravenous access, pediatrics and medicolegal issues 


NEW chapters on sudden cardiac death and myocardial 
infarction 


1987. 480 pages, 477 illustrations. (Book Code: 01751) 
$23.95 (U.S.); $31.25 (Can.) 


Save time! Call toll-free: 800-426-4545, Monday-Friday, 
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Invariant Performance 





The GORE-TEX Surgical Membrane- 
Configured for 
Peritoneal Reconstruction 
protects denuded areas from re-adhesion 
while healing progresses beneath 
the material. 





® GORE-TEX is a registered trademark of W.L.Gore & Associates, Inc. ©1990 W.L. Gore & Associates, Inc. 
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„The GORE-TEX” Surgical Membrane 
The Choice in Peritoneal Reconstruction 


b Successful peritoneal reconstruction requires dependable measures to 
minimize adhesion reformation following adhesiolysis. The invariant performance 
of the GORE-TEX Surgical Membrane aids in producing consistent results. 


Performance by Design 


Composed of the inert biomaterial, expanded polytetrafluoroethylene (e-PTFE), 
the GORE-TEX Surgical Membrane limits tissue attachment with an extremely small pore size. : 
The nonabsorbable material is a physical barrier which minimizes adhesion between adjacent tissues. A. 


Proven and Established 


The GORE-TEX Surgical Membrane has a long record of safety and 
effectiveness. It has demonstrated reliability among cardiac surgeons for more than 14 years. 
In addition, recent use in a multi-center clinical study has substantiated safety and 

2 shown invariant performance in peritoneal repair. 


Convenient | 


Available in specific configurations tailored for pelvic adhesion reduction, 
the GORE-TEX Surgical Membrane - Configured for Peritoneal Reconstruction 
is packaged sterile and can be resterilized. 

Choose the GORE-TEX Surgical Membrane for invariant performance 
in peritoneal reconstruction. To receive further information or to 

consult an application specialist, call 800-437-8181. For orders and 
overnight delivery 24 hours a day, please call 800-528-8763. 
marae 















__| Please send further information on the GORE-TEX ® Surgical Membrane. 
_| Please arrange for a free clinical sample. 
__| Please have your sales representative call for an appointment. 
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tion stands should precede its first use in the text unless it 
is a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 


Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required 1-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should be adjusted 
accordingly. 


only your important observations; do not compare your 
observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65). Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 
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tions at a cost of $525 per page (one side). 

For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit- 
ted. The top, first author’s last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. Zf a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. ; 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 


sequence after the references. Titles should be included in 
the legend, not on the print. Original magnifications 
should be provided. Zf an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
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submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
[excluding references, name(s) and address(es) of the sign- 
er(s), and the phrase “To the Editors”]. The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all co-signers.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of correspondence will be considered for pub- 
lication. (1) A Letter to the Editors commenting on an 
article that has appeared in the JOURNAL should be brief 
and directly related to the published article. The editorial 
staff reserves the right to shorten letters if necessary and to 
make minor editorial alterations without reference to the 
writer. Letters may be published together with a reply from 
the original author. If the original author does not respond, 
a notation indicating “Response declined” will be pub- 
lished. As space for letters is limited, only a selection of 
letters submitted may be published. (2) A brief case pre- 
sentation or a short report of a pertinent observation in the 
form of a Letter to the Editors will be considered for pub- 
lication. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, Mosby—Year Book, 
Inc., 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby—Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (314) 872-8370. 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The appropriate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
manuscript. 

—Three sets of unmounted glossy photographic prints are 
submitted, properly numbered and labeled on the back of 
each print. 

—Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

—Human experimentation has been approved by the local 
institution as stated in the Methods section. 

—Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—A\ll elements of the manuscript are typed double-spaced 
on bond paper with l-inch margins at top, bottom, and 
sides. 

—A\l pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any co-authors that might pose a conflict of interest is 
described. 


Previous publications 
—Enclosed with the submitted manuscript are two reprints 
each of articles the author or co-authors have previously 
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published or have in manuscript form dealing with same 
patients, same animals, same laboratory experiment, or 
same data, in part or in full, as those reported in the 
submitted manuscript. Further explanation is provided in 
the covering letter that accompanies the submitted 
manuscript. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title 

—Author(s) name(s) and highest academic degree(s) 

—City(ies), state(s), and country other than U.S. in which 
the study was conducted are given 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the author(s) institutional affiliation at the time 
of the study is indicated 

—Acknowledgment of financial support is cited 

—Name, address, and business and home telephone num- 
bers of author to whom requests for reprints are to be sent 

—Reprints will not be available. This has been stated on the 
title page 

—Since the corresponding author is different from the au- 
thor to whom reprint requests are to be sent, his/her 
name, address, and business and home telephone num- 
bers have been added 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been 
typed 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract 

—The abstract is typed double-spaced with required mar- 
gins (on page 3) headed by the title and the author(s) 
name, not exceeding 150 words. For case reports and 
brief communications the limit of 50 words is not ex- 
ceeded. 

— Three to five key words or short phrases are placed be- 
neath the abstract on page 3. 


Tables 

—Each table headed by a caption and numbered in Roman 
numerals is typed double-spaced on a separate page. 

—Tables are cited in sequence in the text. 


Figures 

—Are numbered in Arabic numerals and are cited in nu- 
merical sequence in the text. 

—Original transparencies of color photographs appropri- 
ately numbered and identified are submitted along with 
two sets of unmounted prints on glossy paper, numbered 
and identified on the back. 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 


—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors were followed. 

—Abstracts, personal communications, and unpublished 
work are not used as numbered references but are men- 
tioned in the text with the written approval of the person 
being quoted and the signed approval is enclosed. 


AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 


COPYRIGHT STATEMENT 


Must be signed by ALL authors 


“The undersigned author(s) transfers all copyright ownership of the manuscript entitled 


to Mosby—Year Book, Inc., in the event the work is published. The undersigned author(s) warrants that the 
article is original; is not under consideration by another publication; and its essential substance, tables, or 
figures have not been previously published. This restriction does not apply to abstracts or press reports 
published in connection with scientific meetings. The author(s) confirms the final manuscript has been read 
and each author’s contribution has been approved by the appropriate author.” 


The responsible author(s) must be named 


(Type name) 


Signature 


Each author’s name must be typed underneath the signature. 


Date: 
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WARNING 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL 
CARCINOMA. Three independent case control studies have shown an increased risk of 
endometrial cancer in postmenopausal women exposed to exogenous estrogens for prolonged 
periods. This risk was independent of the other known risk factors for endometrial cancer. 
These studies are further supported by the finding that incidence rates of endometrial cancer 
have increased sharply since 1969 in eight different areas of the United States with population 
based cancer reporting systems, an increase which may be related to the rapidly expanding use 
of estrogens during the last decade. The three case control studies reported that the risk of 
endometrial cancer in estrogen users was about 4.5 to 13.9 times greater than in nonusers. The 
risk appears to depend on both duration of treatment and on estrogen dose. In view of these 
findings, when estrogens are used for the treatment of menopausal symptoms, the lowest dose 
that will control symptoms should be utilized and medication should be discontinued as soon as 
possible. When prolonged treatment is medically indicated, the patient should be reassessed on 
at least a semiannual basis to determine the need for continued therapy. Although the evidence 
must be considered preliminary, one study suggests that cyclic administration of low doses of 
estrogen may carry less risk than continuous administration; it therefore appears prudent to 
utilize such a regimen. Close clinical surveillance of all women taking estrogens is important. In 
all cases of undiagnosed persistent or recurring abnormal vaginal bleeding, adequate 
diagnostic measures should be undertaken to rule out malignancy. There is no evidence at 
present that “natural” estrogens are more or less hazardous than “synthetic” estrogens at 
equiestrogenic doses. 

2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. The use of female sex 
hormones, both estrogens and progestogens, during early pregnancy may seriously damage 
the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a non- 
steroidal estrogen, have an increased risk of developing in later life a form of vaginal or cervical 
cancer that is ordinarily extremely rare. This risk has been estimated as not greater than 4 per 
1,000 exposures. Furthermore, a high percentage of such exposed women (from 30 to 90 
percent) have been found to have vaginal adenosis, epithelial changes of the vagina and cervix. 
Although these changes are histologically benign, it is not known whether they are precursors of 
malignancy. Although similar data are not available with the use of other estrogens, it cannot be 
presumed they would not induce similar changes. Several reports suggest an association 
between intrauterine exposure to female sex hormones and congenital anomalies, including 
congenital heart defects and limb reduction defects. One case control study estimated a 4.7-fold 
increased risk of limb reduction defects in infants exposed in utero to sex hormones (oral 
contraceptives, hormone withdrawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb reduction defects in exposed fetuses is somewhat less 
than 1 per 1,000. In the past, female sex hormones have been used during pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that estrogens 
are ineffective for these indications, and there is no evidence from well controlled studies that 
progestogens are effective for these uses. If Estrace is used during pregnancy, or if the patient 
becomes pregnant while taking this drug, she should be apprised of the potential risks to the 
fetus and the advisability of pregnancy continuation. 













































Indications: Tablets: Moderate to severe vasomotor symptoms associated with the menopause. 
(There is no evidence that estrogens are effective for nervous symptoms or depression which 
might occur during menopause, and they should not be used to treat these conditions.); atrophic 
vaginitis; kraurosis vulvae; female hypogonadism; female castration; primary ovarian failure; 
breast cancer (for palliation only) in appropriately selected women and men with metastatic 
disease; prostatic carcinoma—palliative therapy of advanced disease. Cream: Estrace Vaginal 
Cream is indicated in the treatment of atrophic vaginitis and kraurosis vulvae. ESTRACE® HAS 
NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREGNANCY AND ITS 
USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED WARNING). 
Contraindications: Estrogens should not be used in women (or men) with any of the following 
conditions: Known or suspected cancer of the breast except in appropriately selected patients 
being treated for metastatic disease; known or suspected estrogen-dependent neoplasia; known 
or suspected pregnancy (See Boxed Warning); undiagnosed abnormal genital bleeding; active 
thrombophlebitis or thromboembolic disorders; a past history of thrombophlebitis, thrombosis or 
thromboembolic disorders associated with previous estrogen use (except when used in treatment 
of breast or prostatic malignancy). 

Warnings: /nduction of malignant neoplasms. Long term continuous administration of natural and 
synthetic estrogens in certain animal species increases the frequency of carcinomas of the breast, 
cervix, vagina, and liver. There is now evidence that estrogens increase the risk of carcinoma of 
the endometrium in humans. (See Boxed Warning). At the present time there is no satisfactory 
evidence that estrogens given to postmenopausal women increase the risk of cancer of the 
breast, although a recent long-term follow-up of a single physician's practice has raised this 
possibility. Because of the animal data there is a need for caution in prescribing estrogens for 
women with a strong family history of breast cancer or who have breast nodules, fibrocystic 
disease, or abnormal mammograms. Gallbladder disease. A recent study has reported a 2- to 3- 
fold increase in the risk of surgically confirmed gallbladder disease in women receiving post- 
menopausal estrogens, similar to the 2-fold increase previously noted in users of oral 
contraceptives. In the case of oral contraceptives, the increased risk appeared after two years of 
use. Effects similar to those caused by estrogen-progestogen oral contraceptives. There are 
several serious adverse effects of oral contraceptives, most of which have not, up to now, been 
documented as consequences of postmenopausal estrogen therapy. This may reflect the 
comparatively low doses of estrogen used in postmenopausal women. It would be expected that 
the larger doses of estrogen used to treat prostatic or breast cancer or postpartum breast 
engorgement are more likely to result in these adverse effects, and, in fact, it has been shown that 
there is an increased risk of thrombosis in men receiving estrogens for prostatic cancer and 
women for postpartum breast engorgement. Thromboembolic disease. It is now well established 
that users of oral contraceptives have an increased risk of various thromboembolic and thrombotic 
vascular diseases, such as thrombophlebitis, pulmonary embolism, stroke, and myocardial 
infarction. Cases of retinal thrombosis, mesenteric thrombosis, and optic neuritis have been 
reported in oral contraceptive users. There is evidence that the risk of several of these adverse 
reactions is related to the dose of the drug. An increased risk of postsurgery thromboembolic 
complications has also been reported in users of oral contraceptives. If feasible, estrogen should 
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be discontinued at least 4 weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization. While an increased rate of 
thromboembolic and thrombotic disease in postmenopausal users of estrogens has not been 
found, this does not rule out the possibility that such an increase may be present or that sub- 
groups of women who have underlying risk factors or who are receiving relatively large doses of 
estrogens may have increased risk. Therefore, estrogens should not be used in persons with 
active thrombophlebitis or thromboembolic disorders, and they should not be used (except in 
treatment of malignancy) in persons with a history of such disorders in association with estrogen 
use. They should be used with caution in patients with cerebral vascular or coronary artery 
disease and only for those in whom estrogens are clearly needed. Large doses of estrogen (5 mg 
conjugated estrogens per day), comparable to those used to treat cancer of the prostate and 
breast, have been shown in a large prospective clinical trial in men to increase the risk of nonfatal 
myocardial infarction, pulmonary embolism and thrombophlebitis. When estrogen doses of this 
size are used, any of the thromboembolic and thrombotic adverse effects associated with oral 
contraceptive use should be considered a clear risk. Hepatic adenoma. Hepatic adenomas appear 
to be associated with the use of oral contraceptives. Although rare, these may rupture and may 
cause death through intraabdominal hemorrhage. Such lesions have not yet been reported in 
association with other estrogen or progestogen preparations but should be considered in estrogen 
users having abdominal pain and tenderness, abdominal mass, or hypovolemic shock. 
Hepatocellular carcinoma has also been reported in women taking estrogen-containing oral 
contraceptives. The relationship of this malignancy to these drugs is not known at this time. 
Elevated blood pressure. Increased blood pressure is not uncommon in women using oral 
contraceptives. There is now a report that this may occur with use of estrogens in the menopause 
and blood pressure should be monitored with estrogen use, especially if high doses are used. 
Glucose tolerance. A worsening of glucose tolerance has been observed in a significant 
percentage of patients on estrogen-containing oral contraceptives. For this reason, diabetic 
patients should be carefully observed while receiving estrogen. Hypercalcemia. Administration of 
estrogens may lead to severe hypercalcemia in patients with breast cancer and bone metastases. 
If this occurs, the drug should be stopped and appropriate measures taken to reduce the serum 
calcium level. 

Precautions: General Precautions. A complete medical and family history should be taken prior 
to the initiation of any estrogen therapy. The pretreatment and periodic physical examinations 
should include special reference to blood pressure, breasts, abdomen, and pelvic organs, and 
should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed for 
longer than one year without another physical examination being performed. Fluid retention— 
Because estrogens may cause some degree of fluid retention, conditions which might be 
influenced by this factor such as epilepsy, migraine, and cardiac or renal dysfunction, require 
careful observation. Certain patients may develop undesirable manifestations of excessive 
estrogenic stimulation, such as abnormal or excessive uterine bleeding, mastodynia, etc. Oral 
contraceptives appear to be associated with an increased incidence of mental depression. 
Although it is not clear whether this is due to the estrogenic or progestogenic component of the 
contraceptive, patients with a history of depression should be carefully observed. Preexisting 
uterine leiomyomata may increase in size during estrogen use. The pathologist should be advised 
of estrogen therapy when relevant specimens are submitted. Patients with a past history of 
jaundice during pregnancy have an increased risk of recurrence of jaundice while receiving 
estrogen-containing oral contraceptive therapy. If jaundice develops in any patient receiving 
estrogen, the medication should be discontinued while the cause is investigated. Estrogens may 
be poorly metabolized in patients with impaired liver function and they should be administered 
with caution in such patients. Because estrogens influence the metabolism of calcium and 
phosphorus, they should be used with caution in patients with metabolic bone diseases that are 
associated with hypercalcemia or in patients with renal insufficiency. Because of the effects of 
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EDITORIAL 





The first seventy years 


The AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY will celebrate its seventieth 
year in October 1990. ; 

The lineage of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY comes from 
the American Journal of Obstetrics and Diseases of Women and Children, founded in 1869 and 
published successfully for 50 years, then succumbing to financial difficulties. The AMER- 
ICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY began from that journal a few months 
later, with a new publisher, The C. V. Mosby Company, now Mosby—Year Book, Inc. The 
name changed slightly but the previous editor, Dr. George Kosmak, continued and spent 
33 additional years editing the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY. 
When the JOURNAL began in 1920, the intent was to publish original communications, 
research, and special society transactions. 

There has been a continuity of editors during the past seventy years. As a matter of 
fact, there have been only eight editors during this period of time, and they are as follows: 


George W. Kosmak 1920-1953 (33 years) 
Hugo Ehrenfest 1935-1942 (7 years) 

Howard C. Taylor, Jr. 1953-1969 (16 years) 
Wiliam J. Dieckmann 1953-1964 (il years) 
Allan C. Barnes 1958-1971 (13 years) 
Jobn I. Brewer 1958-1990 (32 years) 
Edward J. Quilligan 1971-present (19 years) 
Frederick P. Zuspan 1971-present (19 years) 


Also, many of the editors served as associate editors before their tenure as editor. 
How appropriate it is today to appreciate the editorial from the American Journal of 
Obstetrics and Diseases of Women and Children published in 1869, which says the following: 


There has probably been no period in which Obstetrics and Gynecology have engaged more 
attention both at home and abroad than they do at the present time, and the tremendous strides 
which the above branches of the science of medicine have made within the last few years have 
necessarily given us a literature of the same, which equals, if it does not excel that of any other 
branch. It is to be regretted, however, that the practical part of our profession is so arduous, and 
the fulfillment of its duties consumes so much time, that weeks, and doubtless in many instances 
even months, elapse before we become familiar with the latest and accepted views and teachings of 
those who are recognized as authorities on their subject; a few moments, however, given to the 
perusal of a Journal will often supply the place of original works, by giving extracts, reviews, and 
a zeneral synopsis of the same, while its original communications, when carefully selected, will likewise 
afford valuable and practical information. 

E. Noeggerath, MD, and B. F. Dawson, MD, Editors 
American Journal of Obstetrics and Diseases of Women and Children, 1869 


The JOURNAL has changed and evolved during these past seventy years in an effort to - 


ccnstantly provide readers with current facts in the area of reproductive medicine. Our 
sections in the JOURNAL have been divided into Clinical and Basic Science areas. The 
present trend of investigation tends to be toward a narrow but more intense arena in the 
reproductive sciences, namely, those involved with maternal-fetal medicine, 
reproductive endocrinology-infertility, gynecologic oncology, and general obstetrics- 
gynecology. The Editors and Publisher believe that information and discoveries should 
be quickly and accurately communicated to the reader. During the past four years our 
publication time, from the date of acceptance, has been 4.7 months. 
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Last year we published 629 articles in twelve issues of the JOURNAL. Seventy-two percent 
of those articles originated in the United States, nine percent in Canada, and nineteen 
percent from abroad. This distribution has remained relatively constant for the last four 
years. 

The majority of our articles are regular, nonsociety articles, but other categories include 
society articles, case reports, brief communications, and Current Investigation, Current 
Development, and Clinical Opinion sections. Letters to the Editors totaled 239, of which 
202 were accepted. 


Statistics, 1989 


Regular nonsociety 1431 326 23 
Society 217 197 91 
Case reports and brief communications 245 86 35 
Current Investigation 4 2 50 
Current Development 8 6 76 


Clinical Opinion 29 16 55 


The distribution of articles is divided among Fetus-Placenta-Newborn 36%, Gynecology 
25%, Obstetrics 38%, Ethics and Education 1%, Clinical or Clinical Investigation 83%, 
and Basic Science 17%. 

Each regular article in the JOURNAL is approximated at 5 pages whereas case reports 
and brief communications are 2 pages. 

A formal peer review process for all manuscripts was established many years ago. Society 
articles, as well as regular articles, all receive peer review. The consultants are qualified 
authorities in their respective fields, and without them the JOURNAL would not be of the 
quality that it is today. We extend a heart-filled thanks to all who have participated in 
this arduous and. very important task of peer review. 

Evolution of the JOURNAL has included a change from a monthly publication (for 42 
years, from 1920 until 1962) to a semi-monthly publication. The editorial advisory board 
and others recommended that we go back to once-a-month publication in 1986. In 1985 
we developed a new format separating Clinical and Basic Science articles but still main- 
tained the three classifications of Obstetrics, Gynecology, and Fetus-Placenta-Newborn. 


The Editors and Publisher are proud of the quality of this JOURNAL, but we also feel 
that the editorial advisory board and its peer consultants have played an instrumental 
role in the achievements of the JOURNAL to the heights it now enjoys. It is in the top two 
percent of more than 4000 journals published in the world today. The AMERICAN JOURNAL 
OF OBSTETRICS AND GYNECOLOGY ranks first among obstetrics and gynecology journals 
in the Science Citation Index. 

Beginning with the next volume another change will take place in the editorial makeup 
of the JOURNAL. Dr. John I. Brewer will become an emeritus editor, and Dr. Quilligan 
and Dr. Zuspan will assume the editor-in-chief role. Two associate editors, Dr. Steven 
Gabbe and Dr. Moon Kim, will assist Dr. Zuspan. Another two associate editors, 
Dr. Thomas Garite and Dr. Alberto Manetta, will assist Dr. Quilligan. This is a brief 
capsule of the first 70 years of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY. 
We thank everyone who has played a role in its success. 

The Editors and Mosby~Year Book, Inc. 
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Clinical Opinion 


Drug prophylaxis for human immunodeficiency virus—infected 
pregnant women: Ethical considerations 


Howard L., Minkoff, MD, and Jonathan D. Moreno, PhD® 


Brooklyn, New York 


More than 5000 women infected with human immunodeficiency virus give birth annually in the United 

States. Many of these women are offered human immunodeficiency virus tests in prenatal settings. One of 

the incentives for them to be tested is access to medications that have been shown to prolong disease- 

free intervals in nonpregnant human immunodeficiency virus—infected individuals. However, the use of 

those medicat ons during pregnancy has not been well studied and some have cautioned against their 

prenatal use. Thus consideration of these agents may be deferred by some clinicians until the postpartum > 
period. In this article we argue that the availability of such agents should be disclosed to women who are 

seropositive for human immunodeficiency virus as part of the informed consent process. (Am J OBSTET 


GYNECOL 1990;163:1 111-4.) 


Key words: Human immunodeficiency virus, pregnancy, pentamidine 


Pregnancies complicated by human immunodefi- 
clency virus (HIV) infections are becoming increasingly 
common in many parts of that United States. A number 
of health agencies have instituted anonymous surveil- 
lance programs that have provided estimates of the 
seroprevalence of HIV among pregnant women.’ In 
New York State, for example, which has one of the most 
extensive programs, 0.66% of neonates are born with 
maternal HIV antibody in the blood.’ Similar programs 
in Massachusetts have revealed that 0.75% of neonates 
in urban hospitals are HIV seropositive.* Thus it is clear 
that several thousand HIV-infected women give birth 
annually in the United States. Coincident with the rec- 
ognition of this problem prenatal HIV counseling and 
testing programs have been recommended by a variety 
of agencies (e.g., Centers for Disease Control [CDC], 
American College of Obstetricians and Gynecologists’) 
and have been instituted in many prenatal centers.®’ 

One of the incentives for women to undergo testing 
has been the widely publicized benefits of zidovidine 
for asymptomatic HIV-infected individuals with CD4 
counts <500 mm’. Zidovudine, along with agents used 
for Pneumocystis carini pneumonia prophylaxis (e.g., 
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aerosol pentamidine), holds the hope of prolonged 
disease-free intervals for infected individuals. Since a 
common site of testing has been prenatal clinics and 
since experience with these agents in pregnancy Is lack- 
ing, obstetricians are not infrequently faced with the 
dilemma of choosing whether appropriate prenatal 
care of infected women involves the use of, or even 
discussions regarding the use of, these drugs. 

Although these agents are reported to be life- 
extending, the CDC still states that the use of pentam- 
idine prophylaxis in pregnancy, for example, “is in- 
advisable.”* When some clinicians are confronted with 
this fairly strong caveat, it is probable that they will 
withdraw the drug from their patient’s consideration 
until delivery has occurred. The appropriateness of 
that approach has not been formally considered. In this 
article we argue that the availability of HIV agents such 
as pentamidine should be disclosed to HIV-seropositive 
pregnant women as part of the informed consent 
process. 

In general physicians caring for pregnant patients 
counsel them about the risks, benefits, and uncertain- 
ties of various therapeutic options. Patients are then 
free to pursue what they perceive to be the best interest 
of their fetuses and themselves. In the case of HIV 
disease this counseling includes discussions about the 
significance of HIV disease in pregnancy, the risks of 
perinatal transmission of HIV, and the availability of 
all reproductive options. What is less clear is whether 
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a physician’s perception of excessive fetal risk should 
ever override the mother’s ability to gain access to med- 
ication and, if so, under what circumstances. Under 
circumstances in which the mother’s life is threatened, 


physician’s deference to fetal considerations protects 


the fetus at a price of imposing grave risk to the woman 
and constitutes a potentially dangerous assault on au- 
tonomy. Conversely, a physician’s refusal to provide 
known teratogenic agents whose sole benefit would be 
cosmetic, would seem appropriate and ethical even if 
the patient was never informed of the agent’s existence 
and potential benefits. 

Newer agents used for HIV disease would not appear 
a priori to be at either of the cited extremes. Although 
the drugs can be life-extending, there is no evidence 
that deferring therapy with these agents for a few 
months would make a substantive difference in the nat- 
ural history of the disease when CD4 counts start in 
the upper range at which prophylaxis is recommended 
(400 to 500 mm’). The risks to the fetus are also unclear. 
Aerosol pentamidine achieves extremely low blood 
levels but may concentrate in tissues. Zidovidine has 
not proved harmful in some lower animal models, has 
much greater affinity for ribonucleic acid than deoxy- 
ribonucleic acid,'® but can have serious side effects in 
adults. Thus enough ambiguity about risks and benefits 
exists to warrant formal consideration of the proper 
framework for their use in pregnancy and for the 
proper repository of ultimate responsibility for insti- 
tuting therapy. 

To follow an application of informed consent doc- 
trine to decision making in pregnancy, we turn to sev- 
eral specific issues concerning the counseling and treat- 
ment of fertile HIV-seropositive women. Because 
women with or at risk for HIV tend to be in an espe- 
cially precarious social and financial position, we con- 
clude by reiterating the importance of shared decision 
making as a model to guide physicians who work with 
these patients. 


Informed consent and decision making 

in pregnancy 

The doctrine of informed consent provides that phy- 
sicians must disclose to competent adult patients all 
information about alternative therapies, including non- 
treatment, that would be material to an informed 
choice. This standard requires disclosure of all infor- 
mation that the patient cannot be reasonably expected 
to know. However, there is no definitive guidance for 
physicians concerning what degree or sorts of risk war- 
rant nondisclosure. The courts have articulated two 
standards for disclosure of risks and alternatives: an 
“objective” test and a “subjective” test. The objective 
test can be expressed as that which a reasonable, pru- 
dent person would decide under the circumstances, 
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while the subjective test is that which an individual pa- 
tient would consider a significant risk. 

Pregnancy poses the additional complexity that an- 
other individual, the fetus, has weighty interests that 
are directly involved and must be taken into account. 
Certainly this is the case with regard to the fetus that 
is intended to be brought to term. Some will even con- 
sider the fetus virtually a patient in light of new tech- 
nologies that can both test and treat some fetal con- 
ditions. When patients cannot speak for themselves, it 
is accepted that a surrogate decision maker should be 
identified. In spite of some highly publicized but ec- 
centric court decisions,” it is customary to accept the 
mother as the appropriate representative of fetal in- 
terest, but her role in this process can be effective only 
to the extent that risks and alternatives are disclosed to 
her. 

The objective test is clearly more restrictive than the 
subjective test in the sense that it requires that the con- 
struing of risk be “reasonable.” Nevertheless, even with 
that standard the availability of HIV therapeutics such 
as pentamidine prophylaxis ethically should be dis- 
closed to pregnant women with CD4 counts in the pre- 
scribed range. One who chose this therapy under these 
circumstances would not be making a choice that is 
clearly unreasonable or imprudent; although the life- 
extending benefits of the therapy might not be lost if 
it is deferred, there is no basis for certainty in that 
regard. Furthermore, risks presented to the fetus are 
also, at this time, highly uncertain. 

By contrast, there are some therapeutic agents the 
selection of which during pregnancy would clearly be 
unreasonable and imprudent. An example is thalido- 
mide, which presents a high teratogenic risk with the 
relatively slight benefit of increased maternal comfort. 
According to the objective test physicians are under no 
ethical obligation to disclose the availability of such 
agents. 

Our conclusion is that the availability of pentamidine 
should be disclosed to pregnant women who are asymp- 
tomatic for HIV but whose CD4 counts would in prin- 
ciple warrant this prophylaxis. This position is consis- 
tent with the CDC’s characterization of its use as “in- 
advisable.” While a pregnant patient’s decision to use 
the agent may not be the “best” decision in the sense 
that she should clearly be advised to do so, there is 
sufficient ambiguity to warrant respecting the patient’s 
prima facie right to make an individual determination 
that is based on her own values. In other words, the 
question of whether a certain therapy is advisable must 
be distinguished from the question of whether its ex- 
istence as an alternative should be disclosed. Thus it is 
of some concern that current CDC recommendations 
go on to state: “Prophylaxis can then be considered for 


‘use in the postpartum period.”* The implication that 
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even “consideration” before delivery is ill-advised is not 
compatible with the collaborative process that should 
characterize clinical decision making. 


The context for discussion of HIV agents with 
pregnant women 


The disclosure and possible use of medications for 
the treatment of HIV in a pregnant woman will of 
course be closely bound up with a number of other 
decisions that will have to be made in the course of the 
pregnancy, including whether the woman should be- 
come pregnant, whether abortion is advisable should 
she become pregnant, and how decisions will be made 
for the child if he or she is born HIV-positive and if 
acquired immunodeficiency syndrome actually devel- 
ops. Knowledge of the availability of aerosolized pen- 
tamidine and its potential risks could, for example, af- 
fect a decision to become pregnant or to continue a 
pregnancy. Similarly, knowledge of risks to the fetus 
could help impress on the mother the importance of 
identifying a.surrogate decision maker for her future 
child should she be incapacitated. 

The questions whether a women with or at risk for 
HIV should be counseled not to become pregnant or 
whether, once pregnant, she should be advised to ter- 
minate the pregnancy are beyond the scope of this ar- 
ticle. However, it seems worth noting that there is noth- 
ing about HIV disease per se that requires the adoption 
of a position different from that in counseling any 
women with a life-threatening disease that poses some 
risk to a fetus. Health care providers are no less sus- 
ceptible than anyone else to taking HIV as somehow 
sul generis. 


Physician-patient relations 


Underlying the particular question about the use of 
HIV therapeutics in pregnancy is a larger issue about 
relations between physicians and patients. The lan- 
guage of “disclosure” comports with the ancient Hip- 
pocratic tradition of secrecy and silence, one in which 
physicians hold the keys to sacred knowledge that in 
the hands of the uninitiated would present untold dan- 
gers. In an era when medical and surgical] interventions 
harmed as often as they healed, there was some warrant 
for this attitude. But the growth of scientific medicine 
provides patients with more or less predictable options 
for their lives. Under these conditions there has been 
greater appreciation, at least rhetorically, that patients 
must be permitted to involve themselves as deeplv as 
they wish in assessing and selecting their alternatives. 
The President’s Commission for the Study of Ethical 
Problems in Medicine and Biomedical and Behavioral 
Research characterized this process as one of “shared 
decision making.” Yet in both the clinics and the courts 
it remains more a goal than a reality. 
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The implementation of collaborative decision mak- 
ing requires that doctors engage in an open dialogue 
with their patients, which is a significant departure 
from the profession’s tradition and is not a skill usually 
imparted in medical school." 

The familiar yet unique dilemma posed by the treat- 
ment of a pregnant patient is the possibility that ma- 
ternal and fetal interests will conflict. The physician 
may feel the need to balance competing risks and ben- 
efits for two patients with few guidelines other than 
those derived from his or her own values. As long as 
the clinician’s focus remains on the question of what 
should and should not be disclosed, his or her poten- 
tially conflicting roles as obstetrician and fetal advocate 
will persist. The treatment of HIV-infected women in 
pregnancy with unfamiliar medications should instead 
present an opportunity to work with patients to identify 
acceptable levels of risk. Physicians are under no moral 
obligation to pursue a course of treatment they regard 
as unconscionable, but in most instances they may find 
that an open discussion facilitates a result that is more 
acceptable than they had anticipated. At least the moral 
burden of the decision need not and should not rest 
entirely on the physician’s shoulders. 

The demography of HIV infections in pregnancy 
demands that physicians treating pregnant patients be 
particularly aware of this point. Currently almost 80% 
of HIV-infected infants have been born to black or 
Hispanic women, the vast majority of whom are poor 
and underinsured or uninsured. These patient char- 
acteristics, together with the clinical situations in which 
the patients are often seen, can combine to lessen the 
likelihood that they will be engaged by physicians in a 
joint endeavor to make decisions about their lives and 
that of their future children. Certainly there are in- 
stances in which providing a particular medical treat- 
ment may clearly be inadvisable. When ambiguity ex- 
ists, however, informing a mother and empowering her 
to act on behalf of her fetus and herself “safeguards 
the autonomy of both parties.”* Anything less denies 
the mother’s rightful primacy both as fetal champion 
and as the focus of her physictan’s concern. 
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Efficacy and safety considerations in women with uterine 
leiomyomas treated with gonadotropin-releasing hormone 
agonists: The estrogen threshold hypothesis 


Andrew J. Friedman, MD, Susan M. Lobel, MD, Mitchell S. Rein, MD, and 


Robert L. Barbieri, MD 


Boston, Massachusetts 


Gonadotropin-releasing hormone agonists induce a reversible hypogonadotropic hypogonadal 
environment. Leiomyomas are common, estrogen-sensitive, benign neoplasms that decrease in size by 
40% to 50% during gonadotropin-releasing hormone agonist treatment. During gonadotropin-releasing 
hormone agonist therapy most women are amenorrheic. After discontinuation of gonadotropin-releasing 
hormone agonist treatment, uterine and myoma size increase and a return to pretreatment menstrual 
patterns often occurs. Concerns about the safety of long-term hypoestrogenism have made long-term 
gonadotropin-releasing hormone agonist administration an undesirable treatment strategy. This article 
focuses on the use of gonadotropin-releasing hormone agonists as preoperative therapy in selected 
women undergoing hysterectomy or myomectomy and the combination of a gonadotropin-releasing 
hormone agonist with estrogen-progestin “add-back” treatment as a potential long-term medical therapy for 
women with symptomatic leiomyomas. Finally, an estrogen threshold hypothesis to assess the effects of 
circulating estrogen concentrations on different tissues, is presented. (Am J OpsteT Gyneco. 1990;163: 


1114-9.) 


Key words: GnRH agonist, uterine leiomyomas, hysterectomy, myomectomy, estrogen 


threshold hypothesis 


The synthesis of the first gonadotropin-releasing 
hormone (GnRH) agonist in 1972' was followed by the 
development of a new class of drugs, the GnRH ana- 
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logs, with potential widespread therapeutic applications 
in gynecology. Not since the development of oral con- 
traceptives has there been so much excitement and en- 
thusiasm among basic scientists, clinical investigators, 
and practitioners of reproductive medicine. It is antic- 
ipated that the GnRH agonists will have a major impact 
on gynecologic care in the 1990s. 

Uterine leiomyomas are a common gynecologic prob- 
lem that often present with symptoms related to en- 
larged uterine size, excessive bleeding, or both. Because 
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these neoplasms are estrogen dependent, it follows that 
a GnRH agonist-induced hypogonadal state will lead 
to a reduction or resolution of symptoms related to 
excessive myoma size or bleeding. In 1983 Filicori 
et al.* were the first to report that treatment of a woman 
with a myoma with the GnRH agonist [p-Trp*]-GnRH 
for 3 months was able to induce a reduction in fibroid 
volume by 77% and cause cessation of hypermenor- 
rhea, thus leading to an improvement in hemoglobin 
concentration from 7.4 to 12.8 gm/dl. Although other 
pharmacologic agents such as danazol or progestins 
may successfully induce amenorrhea, neither has been 
demonstrated to consistently cause uterine and leio- 
myoma shrinkage. Unfortunately, most women expe- 
rience a relatively rapid reversal of these therapeutic 
effects after cessation of GnRH agonist treatment.” * 
The transient nature of these beneficial effects has lim- 
ited the efficacy of GnRH agonists as a primary medical 
therapy for uterine leiomyomas. In addition, the pro- 
found hypoestrogenic environment induced by GnRH 
agonists has raised concerns regarding the safety of 
long-term GnRH agonist treatment. This article re- 
views clinical investigations in which GnRH agonists 
have been used to treat uterine lelomyomas and pro- 
poses potential uses of these agents in common Clinical 
situations. It is hoped that well-designed, controlled 
clinical trials will continue to be performed to clarify 
and add to the potential therapeutic applications of 
GnRH agonists in women with large or symptomatic 
leilomyomas. 


Clinical trials with GnRH agonists 


The majority of symptoms associated with fibroids 
are related to myoma size, excessive bleeding, or both. 
Numerous studies have demonstrated that treatment 
of women with uterine leiomyomas with GnRH agonists 
for 3 to 6 months consistently results in a reduction of 
uterine volume. The reported range of uterine shrink- 
age is 34% to 61% (average, 40% to 50%).°° The de- 
crease in individual fibroid volume is less predictable, 
probably because of the heterogeneity of myoma com- 
position.'® Most studies suggest that a 12-weeks period 
of GnRH agonist treatment is needed to achieve near 
maximal reduction in uterine size. Unfortunately, re- 
growth of the uterus and fibroids may occur rapidly, 
with the uterus often approaching pretreatment size 3 
to 4 months after cessation of therapy.** Because the 
effects of GnRH agonists on uterine size are transient, 
this treatment may be viewed as temporary or as a 
possible adjunct to surgical therapy. 

Treatment with GnRH agonists also induces amen- 
orrhea in approximately two thirds of treated women; 
one third experience hypomenorrhea or spotting.’ The 
induction of an amenorrheic state may be dose depen- 
dent; larger doses of GnRH agonist suppress menses 
more reliably. 
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The safety and side effect profile of GnRH agonist 
treatment appears to be related to the induced hy- 
poestrogenic state. Most women experience vasomotor 
flushes, with insomnia, headaches, mood changes, and 
vaginal dryness occurring less frequently. * One con- 
sistent concern among investigators is the potential for 
the long-term administration of a GnRH agonist to lead 
to rapid bone resorption, analogous to the situation 
immediately after the menopause. The data on bone 
resorption are confusing, primarily because of differ- 
ences in techniques used to assess changes in bone den- 
sity. With precision of bone density measurement tech- 
niques that vary from 1% to 5%, small changes in bone 
densities are difficult to document with certainty. Most 
studies evaluating bone density have reported no de- 
crease or reversible decreases in women treated with 
GnRH agonists for up to 6 months''*; some studies 
suggest that the decrease in bone density during GnRH 
agonist treatment is only partially reversible.’ There is 
no reported study that has evaluated changes in bone 
density in women treated with GnRH agonists for lon- 
ger than 6 months. 

Because use of GnRH agonists decreases uterine and 
fibroid size and induces amenorrhea, one therapeutic 
strategy might include preoperative treatment in some 
women undergoing hysterectomy or myomectomy. 
The use of a GnRH agonist as a preoperative adjunct 
is reviewed below. 


Preoperative GnRH agonist treatment 


Hysterectomy, the only definitive cure for uterine 
lelomyomas, is often recommended in women with 
large or symptomatic fibroids who have completed 
childbearing or when myomectomy is considered dif- 
ficult or hazardous. Many experts believe that risks and 
complications (i.e., nonautologous blood transfusion, 
urologic injury) associated with hysterectomy in women 
with leiomyomas are strongly correlated with preop- 
erative uterine size and the presence or absence of 
anemia.’ 

There is one published study that evaluated the ef- 
ficacy of the preoperative use of a GnRH agonist in 
women with leiomyomas before hysterectomy. Lums- 
den etal. treated 13 women with fibroids with goserelin 
depot 3.6 mg every 28 days for 3 months before op- 
eration, Fourteen untreated matched controls with 
leiomyomas also underwent hysterectomy. The group 
of women treated with goserelin had a mean reduction 
in uterine volume of 40% (351 to-210 cm’). Mean in- 
traoperative blood loss was significantly less in the 
treated group compared with controls (235 vs 350 ml, 
p< 0.01). The decrease observed in intraoperative 
blood loss in women pretreated with GnRH agonist may 
be a result of (1) decreased uterine size that afforded 
the surgeon more operating space to isolate, secure, 
and divide vascular pedicles and (2) decreased uterine 
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Fig. 1. Intraoperative blood loss at myomectomy for uteri with pretreatment volumes of =600 cm’. 
Note: Total blood loss = uterine blood loss plus skin incision blood loss. (From Friedman AJ, Rein 
MS, Harrison-Atlas D, Garfield JM, Doubilet PM. A randomized, placebo-controlled, double-blind 
study evaluating leuprolide acetate depot treatment before myomectomy. Fertil Steril 1989;52:728. 
Reproduced with permission of the publisher, the American Fertility Society.) 


artery blood flow, as demonstrated by Doppler stud- 
ies, suggesting that the uterus is less vascular after 
2 to 4 months of GnRH agonist treatment. 

In another study, 24 weeks of leuprolide acetate 
treatment in 7 women with uterine leiomyomas re- 
sulted in a significant increase in mean hemoglobin 
concentration from 12.7 to 14.1 gm/dl (p < 0.01).’ Im- 
provement in preoperative hematologic status may al- 
low previously anemic women with hypermenorrhea 
the ability to donate blood for potential autologous 
blood transfusion. Because it is estimated that 30% of 
women with leiomyomas have menorrhagia or hyper- 
menorrhea, GnRH agonist treatment may benefit a 
large number of women. The increase in preoperative 
hemoglobin concentration coupled with decreased in- 
traoperative blood loss may decrease the need for non- 
autologous blood transfusion. 

In addition to improving the patient’s hematologic 
status, preoperative GnRH agonist treatment may offer 
other advantages. The decrease in uterine and myoma 
volume may “convert” an abdominal hysterectomy to 


one performed via a vaginal route. Vaginal hysterec- . 


tomy has half the postoperative morbidity compared 
with abdominal hysterectomy.’ In addition, fibroid 
shrinkage coupled with an atrophic endometrium may 
facilitate endoscopic resection of subserosal or sub- 
mucous tumors. Finally, shrinkage of very large ‘uteri 
may allow the surgeon to choose the stronger, more 
cosmetic Pfannenstiel skin incision instead of a midline 
vertical incision. : 
GnRH agonist treatment may also have a role in the 
` preoperative management of women scheduled for 


myomectomy. Friedman et al.” reported that treatment 
with leuprolide acetate depot 3.75 mg every 4 weeks 
for 12 weeks before myomectomy resulted in less in- 
traoperative blood loss in women with uterine leio- 
myomas at least 600 cm® in volume before treatment 
compared ‘with placebo-treated controls. Mean intra- 
operative blood loss was 189 ml in five women with 
uteri > 600 cm? treated with leuprolide compared with 
390 ml in five matched women treated with placebo 
(p < 0.01) (Fig. 1). When analysis was performed on 
all women (i.e., those with pretreatment volumes 
greater than and less than 600 cm’) intraoperative 
blood loss was less in leuprolide-treated patients (n = 9) 
compared with controls (n = 9) (213 vs 302 ml) al- 
though this difference was not statistically significant. 
Not surprisingly, the difference in total intraoperative 
blood loss was attributed to differences in blood lost 
from uterine incisions and not from skin incisions. This 
study suggests that GnRH agonist treatment before 
myomectomy may help to decrease intraoperative 
blood loss in women with large uteri (i.e., >600 cm? or 
16 gestational weeks). The potential advantages and 
disadvantages of preoperative GnRH agonist therapy 
are outlined in Table I. 


GnRH agonist/hormone “add-back” studies 


Several investigators have expressed concerns about 
primary GnRH agonist treatment in women with 
uterine leiomyomas including: (1) rapid regrowth of 
uterine-fibroid size after cessation of GnRH agonist 
therapy, (2) hypoestrogenic side effects, and (3) the 
potential for rapid or irreversible bone resorption in 
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women treated with GnRH agonists for more than 6 
months. Fcr these reasons several studies have evalu- 
ated the efficacy of GnRH agonist treatment combined 
with synthetic hormones. Administration of oral me- 
droxyprogesterone acetate, 20 mg daily, has been 
shown to decrease the incidence of hot flushes in post- 
menopausal hypoestrogenic women." In addition, this 
same dose of medroxyprogesterone acetate has been 
shown to decrease urinary calcitum-creatinine and 
hydroxyprcline/creatinine ratios in postmenopausal 
hypoestrogenic women." Friedman et al.’ evaluated the 
simultaneous combination treatment of leuprolide ac- 
etate, 0.5 mg subcutaneously, each day plus oral me- 
droxyprogesterone acetate, 20 mg daily, in nine women 
with le1omvomas. Although eight of nine women 
treated reported no hot flushes, the mean decrease in 
uterine volume was only 14%. It is not certain why the 
addition of medroxyprogesterone acetate blocked the 
expected 40% to 50% decrease in uterine volume seen 
in women treated with leuprolide acetate alone. 

In a small pilot study, five perimenopausal women 
aged 45 to 49 years with symptomatic leiomyomas were 
treated with daily leuprolide acetate 0.5 mg subcuta- 
neously for 3 months, followed by leuprolide plus oral 
conjugated equine estrogens 0.625 mg days 1 through 
25 each month and oral medroxyprogesterone acetate 
10 mg days 16 through 25 each month for the ensuing 
24 months.” The mean decrease in uterine volume was 


49% at 3 months, with no further change in uterine ` 


volume over the next 2 years. All women had elimi- 
nation of vasomotor slushes after conjugated equine 
estrogen-medroxyprogesterone acetate add-back; one 
woman requ:red conjugated equine estrogen 1.25 mg 
on days | through 25. Bone density of the distal third 
of the radius (95% cortical bone, 5% trabecular bone) 
and ultradistal radius (25% cortical bone, 75% trabec- 
ular bone) demonstrated no changes over the 27-month 
treatment period as assessed by single-photon densi- 
tometry. Larger studies are needed to corroborate these 
findings befcre an add-back regimen can be recom- 
mended as a potential long-term medical treatment for 


fibroids. 


The estrogen threshold hypothesis 


This pilot study suggests that the concentration of 
estrogen required to reduce hot flashes and protect 
against bone Joss may be less than the concentration of 
estradiol necessary to cause regrowth of myomas. This 
“estrogen threshold” hypothesis is shown schematically 
in Fig. 2. Three hypothetical estrogen zones are shown 
corresponding to different thresholds required for the 
growth or maintenance of various estrogen-dependent 
tissues. Zone A encompasses typical concentrations of 
estradiol seen throughout the menstrual cycle in pre- 
menopausal women. Estrogen concentrations in this 
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Table I. Advantages and disadvantages of 
preoperative GnRH agonist treatment 





Advantages gained by uterine-hbroid shrinkage 
l. May allow vaginal hysterectomy 
2. May decrease intraoperative blood loss 
3. May allow Pfannenstiel incision 
4. May facilitate endoscopic myomectomy 
5. Mav decrease risk of ureteral injury 


Advantages gained by induction of amenorrhea 

l. May correct hypermenorrhea-menorrhagia— 
asscciated anemia 

2. May improve ability to donate blood 

3. May decrease need for nonautologous blood trans- 
fusion 

4. May atrophy endometrium, facilitating hystero- 
scopic resection of submucosal tumors 


Disadvantages 

l. Delay to final tissue diagnosis 

2. Degeneration of some leiomyomas necessitating 
piecemeal enucleation at myomectomy 

3. Significant shrinkage of small intramural or submu- 
cosal tumors making them unrecognizable at my- 
omectomy 

4. Hypoestrogenic side effects (e.g., trabecular bone 
loss, vasomotor flushes, etc.) 

5. Cost 

6. Need to self-admuinister or receive injections in 
many cases 

7. Vaginal hemorrhage in approximately 2% of pa- 
tients 


range will support the growth or maintenance of 
estrogen-dependent tissues’ (1.e., myomas, bone). In 
zone C, estradiol levels are in the postmenopausal 
range, similar to estrogen concentrations after gonadal 
suppression with GnRH agonist treatment. Estrogen 
concentrations in this range cannot support tissue 
growth and, in fact, lead to regression of most estrogen- 
dependent tissues (1.e., myoma-myometrial shrinkage, 
bone resorption) and the presence of hypoestrogenic 
symptoms (i.e., hot flashes). In zone B estradiol levels 
are somewhat higher than castrate levels and are similar 
to those found in the early follicular phase. Estrogen 
concentrations in this range may be high enough to 
maintain the integrity of some estrogen-dependent tis- 
sues (1.e., bone) while causing regression in others (1.e., 
myomas). The goal of GnRH agonist hormone add- 
back therapy would be first to control the estrogen- 
dependent disease process by inducing a hypogonadal 
state with GnRH agonist treatment. Then, after hy- 
poestrogenism has been achieved and the disease ac- 
tivity has been controlled, small amounts of estrogen, 
progestin, or both could be added back with the intent 
of reducing hot flashes and bone loss without causing 
reinitiation of myoma growth. With this strategy the 
clinician would attempt to maintain estrogen concen- 
trations within zone B, the therapeutic window. The 
upper and lower estradiol concentrations in zone B 
would be expected to have considerable variation 
among individuals. Whereas some patients may have 
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Fig. 2. Estrogen threshold hypothesis. Zone A, Typical circulating estradiol concentrations in pre- 
menopausal women are able to support myometrial-fibroid growth and prevent rapid bone resorp- 
tion. Zone B, Therapeutic window. Myometrial and fibroid volume may decrease at these estradiol 
levels, but bone resorption is not accelerated. Zone C, Hypoestrogenism often attained during GnRH 
agonist therapy may lead to myometrial-fibroid shrinkage and rapid bone resorption. Note: Estradiol 
values for each zone may differ among patients. 


Table II. Advantages and disadvantages of 
treating perimenopausal women with 
symptomatic leiomyomas with GnRH agonist 





Advantages 
l. Potential avoidance of operation 
2. Reduction-resolution of symptoms 
3. Possible correction of anemia in women with 
hypermenorrhea/menorrhagia 
4. Possible facilitation of operation, if needed 


Disadvantages 
1. Delay-avoidance of tissue diagnosis 
2. Inability to predict menopause necessitating 
several treatment courses, potentially increasing 
hypoestrogenism-related risks (i.e., osteoporosis) 
Hypoestrogenic side effects | 
. Cost 
Need to self-administer or receive injections in 
many cases 
6. Vaginal hemorrhage occurring in approximately 
2% of patients 


cy yo 


wide therapeutic windows making long-term medical 
management relatively easy to achieve, others may have 
narrow or absent therapeutic windows and would not 
be treated successfully by this GnRH-agonist hormone 
add-back approach. 

Long-term GnRH agonist plus steroid add-back ther- 
apy will require extensive clinical investigation to clarify 
variables important to this therapeutic approach. For 
example, does the timing of estrogen and/or progestin 
add-back initiation affect treatment outcome? It is not 
known whether sequential therapy (i.e., GnRH agonist 


therapy for 3 to 6 months followed by GnRH agonist 
plus hormone add-back) is superior to simultaneous 
treatment (i.e., GnRH agonist and hormone add-back 
initiated simultaneously). The target estradiol concen- 
tration rate (i.e., the upper and lower limits of zone B) 
must be elucidated. Other variables that require further 
study include the optimum estrogen (i.e., estradiol, con- 
jugated estrogens, estrone sulfate, ethinyl estradiol), 
and progestin (i.e., medroxyprogesterone acetate, nor- 
ethindrone, norgestrel) formulations, the best route of 
administration (i.e., transdermal, oral, vaginal), length 
of therapy, need for calcium supplementation, and 
cost-effective monitoring of long-term treatment. 
Proper selection of patients is essential, and the phy- 
sician must weight the potential benefits of long-term 
medical therapy against the potential risks of delaying 
or avoiding definitive tissue diagnosis. 

Until further data are available we recommend that 
therapy for myomas be initiated with only GnRH ag- 
onist for 3 to 4 months and that initiation of steroid 
add-back be delayed until myoma-uterine volume has 
significantly decreased. As noted above, in one pilot 
study the simultaneous initiation of GnRH agonist ther- 
apy and progestin add-back resulted in no significant 
decrease in myoma volume.’ By treating patients with 
a GnRH agonist alone for 3 to 4 months, the cells in 
the leiomyoma enter a quiescent state that may help to 
prevent a growth response to the steroid add-back. 

If larger GnRH-agonist hormone add-back studies 
confirm the safety and efficacy of this treatment strat- 
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egy, it may be possible to treat perimenopausal women 
or other women with symptomatic leiomyomas who 
wish to delay or possibly avoid operation for longer 
than 6 mcnths. The potential advantages and disad- 
vantages of this treatment strategy are shown in Table 
II. GnRH-agonist hormone add-back regimens may 
also have applications in the long-term treatment of 
other sex-steroid-dependent disorders such as endo- 
metriosis, polycystic ovary syndrome, and premen- 
strual syndrome. 

Treatment of women with uterine leiomyomas with 
GnRH agonists has been shown to result in a reduction 
in uterine and fibroid size, a decrease or abolition of 
menstrual How with a resultant increase in hemoglobin 
concentrations, and a decrease in intraoperative blood 
loss in women undergoing hysterectomy or myomec- 
tomy. Long-term GnRH agonist treatment is limited by 
concerns about increased bone resorption and other 
hypoestrogenic side effects. Future research will focus 
on the safecy and efficacy of long-term GnRH agonist 
hormone add-back regimens and preoperative treat- 
-ment. In addition to the potential therapeutic uses of 
GnRH agorists in the treatment of uterine leiomyomas, 
these agents may be used as probes to help elucidate 
the biology of these common symptom-producing 
tumors. 


We thank Ms. Carolyn Edwards for her expert prep- 
aration of this manuscript. 
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Clinical Articles 


Contraception and ectopic pregnancy risk 


Adele L. Franks, MD, Valerie Beral, MB, BS,” Willard Cates, Jr., MD, MPH,” and 


Carol J. R. Hogue, PhD* 
Atlanta, Georgia 


Studies of the association of ectopic pregnancy with contraception have generated a conflicting array of 
results because of methodologic differences between studies. We estimated the absolute incidence rates 
of ectopic pregnancy for various contraceptives by multiplying the pregnancy rate by the proportion of 
pregnancies with ectopic implantation for each method. Our results indicated a more than 500-fold 
difference in ectopic pregnancy incidence, from a low of 0.005 ectopic pregnancies per 1000 woman years 
of oral contraception or vasectomy to a high of 2.6 per 1000 woman years of no contraception. These 
estimated incidence rates should be useful for clinicians and patients seeking to better understand the 
risks and benefits of contraceptives. (AM J OssteT GYNECOL 1990;163:1 120-3.) 


Key words: Pregnancy, ectopic; contraception; intrauterine contraceptive device; family 


planning 


The incidence of ectopic pregnancy has increased 
dramatically over the last 20 years.'* Possible expla- 
nations include the increased prevalence of pelvic in- 
flammatory disease and sexually transmitted diseases, 
increased clinical suspicion and improved early diag- 
nostic techniques for ectopic pregnancy (quantitative 
serum pregnancy hormone tests, ultrasonography, lap- 
aroscopy), the trend toward delaying childbearing un- 
til older ages when ectopic pregnancy becomes a 
greater risk, and the role of contraceptive practice." ** 
Studies of the association of ectopic pregnancy with 
contraceptive methods, in particular, the intrauterine 
contraceptive device (IUD),**° have generated a con- 
flicting array of results that may be a source of con- 
fusion for clinicians desiring to provide the best con- 
traceptive alternatives to their patients. 

Most studies of the possible association of contracep- 
tion and ectopic pregnancy have used the case-control 
study design because it is the most feasible method for 
studying rare diseases.? Such a study design compares 
persons who have the disease in question (cases) with 
persons free of the disease (controls). Crucial to inter- 
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preting the results are that the controls be chosen from 
the same population of persons as the cases and that 
the controls have the potential for being exposed to the 
same risk factors as the case group. Selecting a control 
group for a case-control study of ectopic pregnancy is 
not a simple matter’: "'; some researchers have selected 
obstetric patients, and others nonpregnant women, 
as controls,> leading to substantially different re- 
sults.” 5, 6, 11 

For example, in a study about the use of the IUD, 
the selection of the control group may determine 
whether the IUD appears to protect against ectopic 
pregnancy or to increase the risk of ectopic pregnancy; 
relative risk estimates range from 0.5 to 32, depending 
on study design.” To illustrate, if obstetric patients with 
intrauterine pregnancies are selected as controls, a low 
percentage of these women will have conceived while 
using the IUD because the IUD largely prevents intra- 
uterine implantation. In addition, the spontaneous 
abortion rate is elevated among intrauterine pregnan- 
cies that result from IUD failure, and the likelihood of 
an induced abortion among IUD users who do not 
spontaneously abort also may be high. Thus women 
with second- or third-trimester intratuerine pregnan-. 
cies are less likely than the general population to have 
been using an IUD. Comparing these women with those 
who have an ectopic pregnancy may therefore yield an 
elevated risk associated with IUD use among women 
in the case group, even if their prevalence of IUD use 
is not particularly high. In contrast, if nonpregnant 
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Table I. Estimated incidence rates of ectopic pregnancy by contraceptive method 





Contraceptive method 


Oral contraceptive l 
Vasectomy ] 
Condom 20 
Diaphragm 30 
Tubal sterilization 2 
IUD 20 
None 520 


Lowest expected pregnancy rate Proportion ectopic 
per 1000 woman years* (A) implantation* (B) 





Estimated ectopic pregnancy incidence 
rate per 1000 woman years (A X B) 


0.005 0.005 
0.005 0.005 
0.005 0.100 
0.005 0.150 
0.159 0.318 
0.051 1.020 
0.005 2.600 


*See material and methods section for origin of these numbers. 


+Combination estrogen-progestin only. 
tUnmedicated only. 


women are selected as controls, the opposite conclusion 
is likely. Nonpregnant, sexually active women are more 
likely to be using contraception, and thus they may have 
a higher prevalence of [UD use than women in the case 
group, leading one to conclude that JUD use is pro- 
tective against ectopic pregnancy. Interpretation of 
these results must be limited in scope to the compari- 
sons actually studied. Thus no general statement may 
be made about whether IUD users are at increased or 
decreased risk of ectopic pregnancy. 

For an individual clinician or patient to use the in- 
formation from case-control studies in selecting a con- 
traceptive method would be, at best, a challenging en- 
deavor. Instead, knowing the actual rates of ectopic 
pregnancy among cohorts of women using various 
contraceptive methods might prove more useful. Un- 
fortunately, such information can be acquired only by 
follow-up of large numbers of women over time (cohort 
study desigr), a process that is expensive and time- 
consuming. Such studies are therefore rare. Two co- 
hort studies conducted in the 1960s and early 1970s 
in the United States and the United Kingdom pro- 
vide sufficient information on ectopic pregnancy rates 
among IUD users.’* '° Little information exists on ec- 
topic pregnancy rates associated with other contracep- 
tive methods. 

In this article we estimate the incidence rates of ec- 
topic pregnancy per 1000 woman years of using various 
contraceptive methods to clarify the magnitude of ec- 
topic pregnancy risk and to determine the relative rank- 
ing of risk for each contraceptive method. 


Material and methods 


To calculate estimated rates of ectopic pregnancy 
per 1000 woman years of use for each contraceptive 
method, we assumed that the ectopic pregnancy rate 
was the product of two factors: (1) the incidence rate 
of pregnancy (i.e., the conception rate) per 1000 wo- 
man years and (2) the proportion of pregnancies im- 
planting in an ectopic location (outside the uterine 
fundus). 

For women using contraception the pregnancy rate 


per 1000 woman years was taken as the “lowest ex- 
pected” (“method”) failure rate associated with the use 
of each contraceptive method per 1000 women in the 
first year of use.™ This rate is based on the assumption 
of consistent and correct use of the method for the 
entire year. For women not using contraception, the 
pregnancy rate per 1000 woman years was taken as the 
average annual pregnancy rate per 1000 women not 
using contraception.” 

For IUD users we derived the proportion of preg- 
nancies that implant in an ectopic location from the two 
large cohort studies (mentioned earlier) in which, at the 
time of publication, more than 98% of the women en- 
rolled used nonmedicated devices.'* * The proportion 
of pregnancies that were ectopic among the women 
using IUDs (0.043 in the U.S. study and 0.072 in the 
U.K. study) were averaged (directly weighted by the 
number of woman years of IUD use in each study), 
yielding 0.051 for our calculations. 

For women who used combination oral contracep- 
tives, who used barrier methods, and who were part- 
ners of vasectomized men, we assumed that the con- 
traceptive method did not affect the site of implan- 
tation; therefore we assumed that the proportion of 
pregnancies implanting in an ectopic location was 
0.005, approximately equal to the overall proportion 
among reported pregnancies in the U.S. population 
during the early 1970s.’ For women with tubal steril- 
ization failures we obtained the proportion with ectopic 
implantation from literature reviews.” ë 

The IUD was the only contraceptive method for 
which actual observed rates of ectopic pregnancy per 
1000 woman years of use were available from large 
cohort studies.'* '* These empiric rates were averaged 
(directly weighted by number of woman years of use 
in each study) and were compared with those calculated 
as described above. 


Results 


The resulting estimated ectopic pregnancy rates by 
contraceptive method vary more than 500-fold from 
the lowest rate of 0.005 per 1000 woman years among 
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women who used combination oral contraceptives or 
who were partners of vasectomized men, to the highest 
rate of 2.6 per 1000 woman years among women using 
no contraception (Table I). Thus, although using an 
IUD carries a higher rate of ectopic pregnancy than 
using barrier methods, sterilization, or oral contracep- 
tion, failure to use any contraception has the highest 
estimated rate of ectopic pregnancy. 

For IUD use, the calculated ectopic pregnancy rate 
can be compared with the actual rates of 1.0 per 1000 
woman years in the U.S. study and 1.2 per 1000 woman 
years in the U.K. study referred to previously.’* ° On 
the basis of these numbers, the weighted average of 
1.06 per 1000 woman years compares favorably with 
the calculated rate of 1.02 per 1000 woman years de- 
rived by multiplying the pregnancy rate and the pro- 
portion of resulting pregnancies that were ectopic 
(Table 1). 


Comment 


We believe that expressing risk of disease, whenever 
possible, in terms of absolute rates of occurrence, rather 
than only in relative terms, ts more useful for clinical 
decision making. For ectopic pregnancy we believe rel- 
ative risk estimates from case-control studies are es- 
pecially confusing because the choice of control group 
profoundly affects interpretation of results. 

To estimate rates of occurrence of ectopic pregnancy 
in the absence of sufficient cohort data, we assumed 
that the proportion of pregnancies implanting In an 
ectopic location did not differ among women who used 
combination oral contraceptives, women who used bar- 
rier methods, women who were partners of vasecto- 
mized men, and women who used no contraception. If 
this assumption is incorrect, our resulting estimates of 
incidence rates for ectopic pregnancy might be incor- 
rect as well; however, on the basis of current knowledge, 
we know of no reason to question this assumption. For 
those who prefer to make different assumptions re- 
garding the likelihood of ectopic implantation, our 
methods may be easily applied, by substituting different 
numbers. 

Similarly, although we used the “lowest expected” 
(“method”) failure rates for the various contraceptive 
groups for our calculations, one could easily use the 
“typical” (“user”) failure rates among women using con- 
traception instead. While the former is based on the 
assumption of consistent and correct use of the con- 
traceptive method, the latter is based on “typical” cou- 
ples, including those who do not use the contraceptive 
method consistently or correctly. To calculate ectopic 
pregnancy rates based on “typical” failure rates, one 
could substitute pregnancy rates of 30 per 1000 women 
for oral contraceptives, 1.5 per 1000 women for vasec- 
tomy, 120 per 1000 women for condoms, 180 per 1000 
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women for the diaphragm, 4 per 1000 women for tubal 
sterilization, and 60 per 1000 women for the JUD." 
This substitution results in estimated “typical” ectopic 
pregnancy rates of 0.15, 0.0075, 0.60, 0.90, 0.64, and 
3.06 per 1000 woman years of use, respectively. 

It should be noted that we used the first-year failure 
rates for women who used the various contraceptives 
while we used the average annual pregnancy rate for 
women who used no contraception. Because failure 
rates tend to decline over time for reversible contra- 
ceptives, our results may be biased in the direction of 
exaggerating the ectopic pregnancy risk among women 
using contraception. For women using sterilization to 
avoid pregnancy, failure rates over time may depend 
on method of occlusion and other factors that are not 
yet fully understood. Therefore predicting the direc- 
tion of any potential bias in our calculations regarding 
sterilization is difficult. 

We also assumed the ectopic pregnancy rate to be 
the product of the pregnancy rate and the likelihood 
of ectopic implantation. Again, no data exist to chal- 
lenge this assumption, and our own estimate of the 
ectopic prengancy rate among IUD users on the ba- 
sis of this multiplicative assumption compares favor- 
ably with the actual rates reported in two large cohort 
studies. 

The only available cohort data reflect rates of ectopic 
pregnancy among IUD users during the 1960s and 
early 1970s. To make meaningful comparisons, we es- 
timated the occurrence of ectopic pregnancy for other 
methods on the basis of data as close in time as possible 
to the IUD cohort studies. Note, however, that the cur- 
rently used copper-containing IUDs have lower failure 
rates than the nonmedicated [UDs," which were pre- 
dominantly used in the 1960s and early 1970s. Thus 
the ectopic pregnancy rate associated with IUD use may 
be somewhat reduced in recent years. On the other 
hand, recent information suggests that the proportion 
of ectopic pregnancies among pregnancies resulting 
from tubal sterilization failure may vary according to 
method of occlusion and may be higher than previously 
believed, especially for pregnancies occurring after 
tubal sterilization by electrocoagulation.” Further re- 
search is necessary to clarify this issue. 

- Though our estimates are imprecise, and changes in 
risk over time may have occurred, the differences in 
magnitude of ectopic pregnancy risk between contra- 
ceptives are so large that we believe the relative ranking 
of risk to be correct. We hope that expressing the risk 
of ectopic pregnancy associated with contraceptive 
methods as rates of occurrence rather than as relative 
risks will be meaningful in the clinical setting. In par- 
ticular, the fact that ectopic pregnancy risk appears to 
differ little between women who use IUDs and women 
who use no contraception should be reassuring for 
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those women for whom the IUD is otherwise the best 
contraceptive option. 
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Calcium supplementation during pregnancy may reduce 
preterm delivery in high-risk populations 


Jose Villar, MD,’ and John T. Repke, MD? 
Bethesda and Baltimore, Maryland 


Results are presented of a randomized, double-blinded controlled clinical trial of calcium supplementation 
(2.0 gm of elemental calcium as calcium carbonate) and a placebo. All participants were 17 years of age 
or less and clinically healthy. Patients were enrolled by the twenty third week of gestation. The mean 
duration of calcium supplementation or placebo was approximately 14 weeks. Treatment consisted of 2.8 
(+ 1.5) tablets per day in the placebo group (N = 95) and 3.0 (+ 1.4) tablets per day in the calcium group 
(N = 94). Dietary calcium intake was similar in both groups at about 1200 mg/day. The calcium group had 
a lower incidence of preterm delivery (<37 weeks; 7.4% vs 21.1%; p = 0.007); spontaneous labor and 
preterm delivery (6.4% vs 17.9%; p = 0.01); and low birth weight (9.6% vs 21.1%; p = 0.03). This effect 
was also present after stratified analysis by level of treatment compliance, urinary tract infection, and 
chlamydial infection. Life-table analysis demonstrated an overall shift to a higher gestational age in the 
calcium group compared with the placebo group (log-rank test, p = 0.02). As suggested previously, the 
observed effect could be mediated by a reduction in uterine smooth muscle contractibility. If confirmed by 
future research, these results could represent an important preventive intervention for prematurity in 


high-risk populations. (AM J Osstet GYNECOL. 1990;163:1 124-31.) 


Key words: Calcium supplementation prematurity, high-risk population 


Prematurity and low birth weight are among the lead- 
ing causes of perinatal and infant mortality in both 
developing and developed populations.’ * Therefore 
their prevention, even if achieved at modest propor- 
tions, would have major health implications. 

We previously reported blood pressure reduction 
among pregnant and nonpregnant women who re- 
ceived calcium supplementation, observations that are 
supported by similar evidence from hypertensive sub- 
jects. Two recently published literature reviews sum- 
marized these findings.*’ 

It has been postulated that the blood pressure— 
lowering effect of calcium supplementation involves 
mechanisms related to parathyroid hormone levels, 
negative calcium balance, and plasma renin activity.® è 
These proposed mechanisms would ultimately influ- 
ence intracellular free (cytosolic) calcium concentra- 
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tions in smooth muscle cells, ê thus reducing smooth 
muscle cell tone and increasing its relaxation. There- 
fore high calcium intake would reduce blood pressure 
by reducing smooth muscle reactivity. If this is the case, 
a similar effect should be present at the level of the 
uterine muscle, particularly in the third trimester of 
pregnancy when the uterus represents the largest mass 
of smooth muscle in mammals. Interestingly, there are 
data to support an association between pregnancy- 
induced hypertension, preeclampsia, and increased 
uterine contractibility.* ° 

We previously hypothesized that calcium supple- 
mentation during pregnancy can reduce smooth mus- 
cle contractibility and tone® and that this effect can be 
clinically manifested by a reduction in blood pressure 
and a reduction in the incidence of premature labor 
and delivery. 

This article presents the results of a randomized, 
double-blinded placebo-controlled clinical trial of the 
effect of calcium supplementation during pregnancy 
(2.0 gm/day) on the incidence of prematurity and pre- 
term labor. The a priori hypothesis that calclum sup- 
plementation reduces the incidence of prematurity 
(<37 weeks) is tested. 


Material and methods 

This randomized clinical trial was conducted at the 
Adolescent Pregnancy Clinic of The Johns Hopkins 
Hospital in Baltimore between 1985 and 1988. All pa- 
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tients were 17 years of age or younger at the time of 
recruitment. Most of the subjects were nulliparous [84 
in the calcium group, 78 placebo group (NS)] with a 
known last menstrual period and singleton pregnan- 
cies. All were free of any underlying medical disorders, 
determined by history, physical examination, and lab- 
oratory tests. 

Patients were contacted during the first prenatal visit 
about participation in the project. By the twentieth 
week of gestation enrollment to the study was offered 
and paren-al consent or patient informed consent was 
obtained. If patients agreed to participate they were 
randomized to the calcium and placebo group at the 
next prenatal visit. A computer-generated list of ran- 
dom numbers was used to allocate the corresponding 
treatments. Opaque envelopes with the bottles num- 
bered were located at the clinic and the project coor- 
dinator was in charge of the administration of the treat- 
ment assigned. Prenatal care was carried out according 
to the protocols of The Johns Hopkins Adolescent 
Pregnancy Program, and under the direct supervision 
of its medical director (J. T. R). The study protocol was 
approved by The John Hopkins Hospital's Joint Com- 
mittee on Clinical Investigation. Patients received a 
small monetary compensation for travel and compli- 
ance with the study protocol. 

The calctum supplementation group received four 
tablets of calcium carbonate (OSCAL 500, Marion Lab- 
oratories, Kansas City, Mo.) per day. Each tablet pro- 
vides 500 mg of elemental calcium for a total of 2.0 
gm/day. This dosage was based on our previous evi- 
dence on the effect of calcium supplementation on 
blood pressure during pregnancy.** The placebo group 
received four tablets of the same weight, size, color, and 
organoleptic characteristics as the calcium tablets. All 
of the tablet containers were prepared at The Johns 
Hopkins Hospital Pharmacy. Patients were prescribed 
prenatal vitamins containing 200 mg of calcium and 
100 mg of magnesium per day. 

Total intake, including a detailed description of 
calcium-containing food stuffs, was evaluated three 
times durirg pregnancy by a senior nutritionist by 
means of food patterns and 24-hour recall methods. 
These data were further analyzed with regard to spe- 
cific nutrient content. 

Treatmert compliance was assessed at each visit by 
the project coordinator. Patients were questioned dur- 
ing each visit about the number of tablets taken and 
the project coordinator counted the number of tablets 
left in the container as many times as possible during 
pregnancy. The number of tablets taken of the total 
number of <ablets required to be taken between pre- 
natal visits (compliance rate) was calculated for the cal- 
cium and placebo groups. With that information and 
the time elapsed between visits, the actual number of 
tablets reported taken per day was calculated for three 
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periods during pregnancy for the two treatment 
groups. 

Gestational age was calculated using the best obstetric 
estimation by the attending obstetrician who was totally 
unaware of the treatment groups. This evaluation was 
done at the time of randomization and was corrobo- 
rated during pregnancy. It includes last menstrual pe- 
riod information (consideration menstrual patterns 
and contraceptive use), several standard ultrasono- 
graphic measurements between 16 and 20 weeks, or at 
the time of the first visit, fundal height. If the gesta- 
tional age based on the last menstrual period and 
the ultrasonographic estimation differed more than 
2 weeks, the ultrasonogram was used for gestational 
age calculation; otherwise gestational age was based on 
the last menstrual period. 

The incidence of the following events was calculated 
for the analysis: preterm labor without delivery, diagnosed 
by obstetricians unaware of the treatment group and 
based on uterine activity of at least four contractions 
in 20 minutes or eight contractions in 1 hour after the 
patient was admitted to the hospital and discharged 
after 24 hours without delivery; preterm labor and deltvery 
during the same hospital admission; preterm delivery 
(<37 weeks); delivery between 30 and 37 weeks; idiopathic - 
prematurity, including only preterm (<37 weeks) deliv- 
eries without previous medical or obstetric complica- 
tions; spontaneous prematurity, including only preterm 
deliveries with spontaneous onset of labor regardless 
of vaginal or cesarean section delivery. 

The hypothesis tested was whether provision of cal- 
cium supplementation (2 gm/day) to high-risk preg- 
nant adolescents reduces uterine muscle tone and con- 
tractions, resulting in a lower rate of prematurity. A 
sample size of 95 subjects in each group has a statistical 
power of 30% to detect a reduction in prematurity (<37 
weeks) rates from 20% to 7% at an a-level of 0.05. The 
expected 20% incidence of prematurity in the placebo 
group is obtained from values previously reported 
from The Johns Hopkins adolescent population.” All 
subjects were included in the treatment group to 
which they were originally randomized regardless 
of any follow-up and treatment compliance .experi- 
ences. 

The incidence of preterm delivery and all other sec- 
ondary outcomes were compared between treatment 
groups using Mantel-Haenszel x’, Fisher’s exact test, or 
i test, when required. To evaluate the treatment effect 
on the complete gestational age distribution, a life-table 
analysis was performed with calcium and placebo treat- 
ments as the independent variable and the delivery at 
different gestational ages as the outcome variable. The 
life-table analysis was performed for all patients, in- 
cluding dropouts up until the time they left the study. 
Life tables were compared with the log-rank test. Two- 
tailed p values are presented. 
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Table I. Population characteristics by treatment group 


Calcium (N = 95) Placebo (N = 95) 


-Maternal age (yr) 16.2 + 0.8 
(mean + SD) 

Education (yr) (mean + SD) 9.3 + 1. 

No. of prenatal visits 10:2: 3: 


(mean + SD) 


Maternal height (in) 64.6 + 10.9 
(mean + SD) 

Black race 92.6 

Marital status 97.9 
single (%) 

Previous preterm delivery 2.1 
(<37 wk) (%) 

Previous low birth weight Zl 
(32500 gm) (%) | 
Previous pregnancy-induced 2.1 

‘hypertension (%) 
Spontaneous abortions (%) 5.3 
Induced abortions (%) 15.2 
Primigravid (%) 70.5 
Nulliparous (%) 88.4 


Calcium supplementation of 2.0 gm/day of elemental calcium. 
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Table II. Population characteristics at the time of randomization 


Calcium Placebo 
(N = 95) (N = 95) 


Gestational age (wk) 23.7 + 4.3 

Uterine height (cm) 23.7 + 4.1 

Maternal weight (kg) 63.0 + 10.6 

Systolic blood pressure 103.1 9.2 
(mm Hg) . 

Diastolic blood pressure 60.9 + 8.8 
(mm Hg) 


p Value 
16.3 + 0.9 NS 
94+ 1.5 NS 
10.0 + 4.2 NS 
65.8 +.14.9 NS 
94.7 NS 
98.9 NS 
Zl NS 
2.1 NS 
2.1 NS 
8.4 
18.9 NS 
61.0 NS 
82.1 NS 
234+3.8 — NS 
23.6 + 3.8 NS 
67.4 + 13.5 p<0.01 
102.4 + 10.4 NS 
61.3 + 8.0 NS 


Values are mean + SD. Calcium supplementation of 2.0 gm/day of elemental calcium. 


Results 


Table I presents the baseline population character- 
istics for the 190 study patients. No statistically signif- 
icant differences were observed for all variables. Table 
II presents patient characteristics at the time of ran- 
domization. No differences between groups were de- 
tected with the exception of maternal weight. The cal- 
cium group had lower mean maternal weight (63.0 + 
10.6 kg) than the placebo group Oi + 13.5 kg; 
p < 0.01). 

There was a tendency to a higher incidence of bac- 
teriuria (11.7% vs 5.4%; NS) and symptomatic chla- 
mydia vaginitis (7.4% vs 3.2%, NS) in the placebo group 
compared with the calcium group. No differences were 
observed in the incidence of either pyelonephritis 
(1.1% for calcium group vs 2.1% for placebo group, 
NS), or sexually transmitted diseases (14.7% for cal- 
cium vs 15.8% for placebo group NS). 

Table III shows data on the treatment compliance 
for the two study groups. Both groups started treat- 
ment at similar gestational age and continued: under 


treatment for similar length of time (14.1 + 4.4 weeks 
for calcium group vs. 13.2 + 4.9 weeks for placebo 
group, NS). The actual number of tablets reported 
taken was also similar in both groups at different points 
in gestation and for the total follow-up period; overall, 
patients took a daily average of three tablets per day 
(75% of the expected number of tablets). 

Selected nutrient intakes at baseline, during the cn 
trimester of pregnancy, and for the overall study period 
(average of all intakes recorded per patient) by treat- 
ment group are presented in Table IV. No differences 
were observed between groups for the nutrients eval- 
uated. Mean calcium intake for both groups was ap- 
proximately 1200 mg/day throughout pregnancy. 

The calcium supplementation group had a lower in- 
cidence of preterm labor and delivery (7.4% vs 16.8% 
p < 0.05), preterm labor without delivery (3.2% vs 
7.4%; NS), preterm delivery <37 weeks, (7.4% vs 
21.1%; p = 0.007), preterm delivery =30 but <37 
weeks (4.4% vs 15.7%; p< 0.01), low birth weight 
(=2500 gm, 9.6% vs 21.1%; p = 0.03), and preterm 
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Table III. Treatment compliance by supplementation groups 


Calcium (N = 91) Placebo {N = 92) 


Period under treatment 14.1 + 4.4 
l week 

Actual no. of tablets 
taken per day 
Total period 3.0 + 14 
<30 wk 3.1 + 1.4 
30-34 wk Zit 15 
>34 wk 3.1 + 1.5 


$ Value 
13.2 + 4.9 NS 
28 + 1.5 NS 
2.8 + 1.3 NS 
2.9 + 1.4 NS 
2.8 + 1.6 NS 


Values are mean + SD. Ideal number of tablets per day = 4 (500 mg of elemental calcium each tablet). Three patients in the 
placebo group and four in the calcium group abandoned treatment at different times during the study and complete compliance 


information could not be obtained. 


Table IV. Estimated daily nutrient intakes by treatment group 


Proczein 

Calcium group 84 + 34 

P_acebo group 91 + 328 
Calories (kcal) 

Calcium group 2228 + &73 

Placebo group 2285 + &66 
Iron (mg) 

Calcium group lIl +5 

Placebo group 13 + 6 
Vitamin D 

Calcium group 5.7 + 3.9 

Placebo group 7.4 + 5.7 
Calcium (mg) 

Calcium groupt 1119 + 677 

Placebo group 1336 + 796 
Vitamin C (mg) 

Calcium group 224 + 192 

Placebo group 253 + 164 


Intakes determined by 24-hour dietary recall. 
*Mean intake per patient during study period. 
tSupplemental calcium not included. 


delivery after spontaneous labor (6.4% vs 17.9%;- 


p = 0.01). No effect was observed on the incidence of 
intrauterine growth retardation and premature rup- 
ture of membranes (<37 weeks, >24 hours before ini- 
tiation of labor; Table V). 

All seven preterm deliveries in the calctum group 
were associated with medical complications (n = 3), 
vaginal infections (n = 6), sexually transmitted diseases 
(n = 2), premature rupture of membranes (n = 2), 
proteinuria (n = 1), and pregnancy-induced hyperten- 
sion (n = 1). Fourteen of the preterm deliveries in the 
placebo group associated were also associated with 
these complications. Therefore the incidence of idio- 
pathic prematurity is 0 of 94 patients in the calcium 
group and 6.3% in the placebo group (p = 0.01; 
Table V). 

The mean duration of labor was longer in the calcium 
group (12.0 + 7.4 hours than in the placebo group 
(9.9 + 6.2 hours; p = 0.05). Gestational age at birth 


Overall* 

90 + 29 89 + 27 
90 + 43 92 + 35 
2436 + 849 2363 + 680 
2300 + 1066 2314 + 782 
15 + 7.6 13 + 4.3 
13 + 7.3 13 + 5.6 
6.5 + 4.2 6.9 + 5.4 
7.5 + 10 7.3 t 4.9 
1220 + 536 1201 + 521 
1122 + 655 1248 + 610 
226 + 161 224 + 131 
241 + 170 230 + 120 


was 1.3 weeks longer (p = 0.01) and infants were 189 
gm (p = 0.06) heavier in the calcium group than in the 
placebo group (Table VI). 

The incidence of pregnancy-induced hypertension 
was 1.7 times higher in the placebo group than in the 
calcium group (NS), and the incidence of preeclampsia 
was 3.4% in the placebo group with no cases observed 
in the calcium group (p = 0.10; Table VI). 

When only those patients with vaginal deliveries are 
included in the analysis the incidence of preterm de- 
livery (<37 weeks) was 6.5% for the calcium group 
(n = 77) and 16.2% for the placebo group (n = 74; 
p = 0.05); the values for low birth weight (=2500 gm) 
in this subgroup were 11.2% and 20.5% (p = 0.08) for 
the calcium and placebo groups, respectively. 

Although the differences in the proportion of bac- 
teriuria and chlamydia vaginitis between groups were 
not statistically significant, it was thought that the ob- 
served tendency could influence the results. A stratified 
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Table V. Pregnancy outcome by treatment group 


Calcium (N = 94) Placebo (N = 95) 
(%) (%) _p Value 


Preterm labor and delivery 7.4 16.8 0.05 

Preterm labor without de- 3.2 7.4 NS 
livery 

Preterm delivery (<37 7.4 21.1 0.007 

, wk)* 

Preterm delivery (>30 but 4,44 15.74 0.01 
<37 wk) 

Idiopathic prematurity§ 0.0 6.3 0.01 

Spontaneous prematurity|| 6.4 17.9 0.01 

Low birth weight (=2500 9.6 21.1 0.03 
gm) 

Postdates (>42 wk) 7.4 5.5 NS 

Intrauterine growth retar- 3.2 3.2 NS 
dation 

Premature rupture of 2.1 1.0 NS 
membranes 


Premature rupture of membranes: <37 weeks; >24 hours before the initiation of labor. 


*Gestational age as best obstetric estimation including last menstrual period, ultrasonography between 16 and 20 weeks or at 
first prenatal visit, and fundal height. 


tN = 91. 

tN = 89, 

§Idiopathic prematurity: Only preterm deliveries without any previous medical or obstetric complications. 
[Spontaneous prematurity: Preterm deliveries whose labor onset was spontaneous regardless of route of delivery. 


Table VI. Pregnancy outcome by treatment group 


Pau 
Apgar score ($7 at 5 min) (%) 4.4 10.5 0.004 
Cesarean section (%) 17.0 17.9 NS 
Pregnancy-induced hypertension* (%) 3.3 5.7 NS 
Preeclampsia* (%) 0.0 3.4 0.10 
Duration of labor (hr) (mean + SD) 12.0 + 7.4 9.9 + 6.2¢ 0.05 
Gestational age (wk) (mean + SD) 39:2 + 2.7 37.9 + 3.9 0.0] 
Weight (gm) (mean + SD) 3128.6 + 598 2939.4 + 784 0.06 
Length§ (cm) (mean + SD) 50.1 + 3.4 494+ 4.8 NS 


Pregnancy-induced hypertension: Diastolic blood pressure at =30 weeks >90 or =140/90 mm Hg. Preeclampsia: =300 mg 


proteinuria at >30 weeks and pregnancy-induced hypertension. 
*Calcium: N = 90. Placebo: N = 88. 


tN = 90. 
tN = 80. 
$N = 87. 


analysis was therefore performed by infection status. 
Among the noninfected patients, the incidence of pre- 
maturity was 8.1% in the calcium group (n = 86) and 
24.7% in the placebo group (n = 77; p = 0.003). The 
small number of patients in the infected groups pre- 
cludes any further consideration of the calcium effect 
among them. 

The effect of calcium supplementation on the incl- 
dence of prematurity was further studied by level of 
treatment compliance. Three patients in the placebo 
group and four in the calcium group did not have 
complete compliance information and are not included 
in this analysis. In the high-compliance calcium sup- 
plementation group (>50% of ideal treatment; n = 
49), no cases of prematurity were observed, whereas 


the preterm rate was 9.5% in the high-compliance pla- 
cebo group (x = 42; p = 0.04). The incidence of pre- 
maturity was also lower in the low-compliance calcium 
group (<50% of ideal treatment; n = 41; 17.1%) com- 
pared with the low-complrance placebo group (n = 50; 
26.0%; NS). These data suggest an independent effect 
on prematurity of both calcium supplementation and 
treatment compliance. 

Fig. 1 presents the cumulative probability of delivery 
(8 percent) for two treatment groups at different pe- 
riods of gestation. All participants (including one drop- 
out until the time she left the study) are included. In- 
formation is derived from life-table analysis using the 
Kaplan-Meier method Statistical Analysis Systems test 
procedure; differences between the two life tables have 
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Fig. 1. Calcium supplementation and prematurity. Cumulative probability of delivery (percent) from 
life-table analysis for each treatment group. At all gestational ages the calcium group has lower risk 
of delivery than the placebo group (log-rank test, p = 0.02) 


been statistically tested with the log-rank and Wilcoxon 
tests. The calcium group had lower risk of delivery at 
all gestational ages than the placebo group (p = 0.02) 
(Fig. 1). Fimally, urinary and chlamydial infections as 
well as prepregnancy weight, the identified possible 
confounding variables, were not associated with pre- 
maturity when included in the life-table analysis (p = 
0.10). 


Comment 


We have presented evidence from a double-blind, 
randomized placebo-controlled clinical trial of the ef- 
fect of calcium supplementation on the incidence of 
preterm delivery. Groups were similar in several base- 
line characteristics known to be related to preterm de- 
livery. 

The calcium group had lower maternal weight at the 
time of randomization; however, if an effect was pres- 
ent, it would be in the direction of increasing prema- 
turity or low birth weight in this group. Exclusion of 
patients with urinary or vaginal infections or inclusion 
of these variables in the life-table analysis demonstrated 
that the observed differences in prematurity rates be- 
tween treatment groups could not be explained by these 
baseline differences. 

Nutrient intakes were similar in both groups and the 
mean calcium intake was approximately 75% of the 
recommended level for pregnant adolescents at the 
time the study was conducted.” 

As expected among these high-risk adolescents, 
treatment compliance showed large variability. How- 
ever, the calcium effect was observed at both compli- 
ance levels with the strongest effect among those pa- 
tients with higher compliance rates. Interestingly, treat- 
ment compliance, a proxy indicator for adherence to 
medical care in general, education, or personal moti- 


vation also had an independent effect preventing pre- 
term delivery. 

Finally, patients in the calcium group, in agreement 
with previous reports,“ * had a lower incidence of pre- 
eclampsia and pregnancy-induced hypertension with- 
out reaching statistically significant levels because of 
small sample size. Although it is possible that part of 
the prematurity effect could be mediated through this 
mechanism, it is unlikely to explain an effect of this 
magnitude. We expect to evaluaute this association in 
more detail in a larger, multicenter clinical trial. 

Therefore, we believe that the observed results on 
preterm delivery are unbiased and are likely to rep- 
resent a true biologic effect. More data are needed to 
confirm this evidence. If the results are valid, obstetri- 
clans could incorporate this relatively easy and inex- 
pensive preventive action into the prenatal care of high- 
risk poplations. 

A recent report’? provided additional information on 
the effect of 2 gm of elemental calcium supplementa- 
tion during pregnancy. This study confirmed the pre- 
viously reported blood pressure effect.* The percent- 
age of deliveries between 36 and 38 weeks was 10.9% 
for the calcium group and 15.7% for the placebo group. 
Similar to our study, the calcium group had a higher 
mean birth weight (265 gm difference) and a statisti- 
cally significant longer gestational age (39.3 weeks in 
the calcium group and 38.7 weeks in the placebo group; 
(p < 0.05).° Therefore, these data would seem to sup- 
port the results presented in this article. 

Currently, we do not have definitive physiologic ex- 
planations of the mechanisms involved in these ob- 
served effects. The role of ionized calcium in smooth 
muscle contraction, in uterine muscles, and vascular 
tissues’® '? has been extensively studied, including al- 
terations in calcium concentration associated with hy- 
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pertension.'* We? and others*’ have demonstrated 
blood pressure reduction with calcium supplementa- 
tion, and this effect is suggested to be mediated 
by induced changes at the vascular smooth muscle 
level.° 

Therefore, it is logical to expect that a similar action 
will be observed at the uterine level, particularly near 
term when the uterus represents the largest mass of 
smooth muscle in mammals. We do not think that high 
calcium intake is responsible for affecting uterine con- 
tractibility by a direct effect on uterine extracellular 
ionized calcium. It is more likely that high calcium in- 
take is related to an effect on membrane calcium chan- 
nels, particularly those controlled by hormones.” 

For instance, high calcium intake, as we recently have 
proposed,” * could participate in these mechanisms by 
reducing the level of parathyroid hormone, thus low- 
ering intracellular free calcium levels and increasing 
smooth muscle relaxation. The parathyroid hormone 
effect on intracellular concentration of calcium has 
been demonstrated in several types of cells.* '** Two 
mechanisms can mediate this action: an increase in cel- 
lular membrane permeability to calcium and an acti- 
vation of adenyl cyclase and an increase of cyclic aden- 
osine monophosphate with a consequent liberation of 
calcium from the mitochondria to the cytosol.’ 

Seemingly paradoxically, calctum channel blockers 
are also known to reduce blood pressure and uterine 
contractibility” and have been suggested for the treat- 
ment of preterm labor” and preterm labor in hyper- 
tensive patients.” It has been recently shown that 
diltiazem, a calcium channel blocker, lowers serum 
parathyroid hormone in vivo and in vitro in a dose- 
dependent fashion.” This observation suggests that 
lowering the level of pregnancy-induced hypertension 
could be the mechanism explaining the similar effects 
of high calcium intake and calcium channel blockade 
on smooth muscle contractibility. 

Finally, recent evidence from our unit also suggests 
that the effect may be mediated through or by changes 
in the renin-angiotensin system and its interaction with 
pregnancy-induced hypertension.’ In vitro studies ap- 
pear to support these relationships.” 

Clearly, the mechanisms involved in the calcium sup- 
plementation effect on smooth muscle contraction and 
on the incidence of prematurity require extensive phys- 
iologic research. We think, however, that on the basis 
of data presented in this article that the feasibility of 
implementing this relatively simple intervention in 
high-risk populations and the magnitude of the ex- 
pected impact on prematurity are strong arguments in 
favor of further extensive clinical evaluation of this 
promising preventive prenatal care activity. 
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The association of intrapartum asphyxia in the mature fetus 


with newborn behavior 


James A. Low, MD, Darwin W. Muir, PhD, Elizabeth A. Pater, RN, and 


E. Jane Karchmar, BA 
_ Kingston, Ontario, Canada 


A matched cohort study of mature newborns with biochemically determined intrapartum fetal asphyxia and 
mature newborns with normai blood gas and acid-base assessments at delivery were studied to 
demonstrate the effect of fetal asphyxia on newborn behavior as expressed by the Brazelton newborn 
behavioral assessment scale. The newborn behavioral assessment scale was administered 3 days after 
delivery and again 2 weeks after delivery. The Lester newborn behavioral assessment scale summary 
scores for tre group with asphyxia were of the same order as those in the control group. This was also 
true of the group of newborns with asphyxia with the more severe metabolic acidosis and those with low 
Apgar scores. These findings support the contention that many newborns who have undergone an 
intrapartum asphyxial insult will not have evidence of central nervous system injury and that the threshold 
of central nervous system injury is at the severe end of the spectrum of asphyxia as expressed by a 


metabolic acidosis. (Am J OssteT Gyneco. 1990;163:1131-5.) 


Key words: Fetal asphyxia, newborn behavior 


Laboratory and clinical evidence suggest that fetal 
asphyxia can cause central nervous system injury and 
in surviving newborn infants result in motor and cog- 
nitive deficits.! Freeman’ summarized the National In- 
stitutes of Health consensus conference on prenatal 
and perinatal factors associated with brain disorders by 
stating: “There appear to be degrees and durations of 
hypoxia tolerated without obvious effects on mental 
and motor function, yet, when the duration and se- 
verity of hypoxia exceed these thresholds motor dys- 
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function results and may be accompanied by mental 
retardation.” 

Although there are thresholds of asphyxia beyond 
which damage becomes manifest, these thresholds re- 
main to be defined. A proper examination of this re- 
lationship requires an accurate diagnosis of fetal as- 
phyxia and a reliable measure of central nervous system 
injury. 

The diagnosis of fetal asphyxia requires a blood gas 
and acid-base assessment to determine a significant 
metabolic acidosis. The clinical criteria used in many 
studies are indicative but not diagnostic of fetal as- 
phyxia because of their relatively low sensitivity and 
high false-positive rates.’ 

The concept of a continuum of casualty’ implies that 
beyond the threshold a moderate amount of asphyxia 
may cause a small amount of damage, whereas severe 
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asphyxia may cause a large amount of damage. Clinical 
measures of such damage can be obtained in follow-up 
studies with the identification of major and minor mo- 
tor or cognitive handicaps or developmental delays that 
emerge during infancy or early childhood. 

However objective measures of central nervous sys- 
tem injury during the newborn period are not available. 
In addition, less severe asphyxial insults may be sig- 
nificant but behavioral index may not be sufficiently 
sensitive to demonstrate the effect on the central ner- 
vous system. 

The Brazelton® neonatal behavioural assessment 
scale was conceived as a clinical instrument for evalu- 
ation and measurement of neonatal behavior and has 
been reputed to provide a sensitive index of central 
nervous system function. Tronick® proposed that be- 
havioral assessments in the newborn period may iden- 
tify mild dysfunctions that are not apparent from stan- 
dard neurologic examination. For example, the degree 
to which the infant is able to achieve, maintain, and 
modulate state control during both sleep and alert pe- 
riods after sensory stimulation is thought to reflect the 
maturity and integrity of central nervous system control 
of the highest order.’ Thus the newborn behavioral 
assessment scale, when administered by trained ex- 
aminers, may provide an objective measure of minimal 
central nervous system injury during the neonatal pe- 
riod. The effect of a number of environmental stress 
factors on the newborn have been demonstrated with 
the newborn behavioral assessment scale; examples in- 
clude alcohol,’ opiates,’ analgesics, and anesthetic 
agents.'® ll 

The objective of the present study was to examine 
the association of biochemically determined intrapar- 
tum asphyxia in the mature fetus with newborn be- 
havior as expressed by the newborn behavioral assess- 
ment scale 3 days and again 2 weeks after delivery. 


Methods 


A matched case-control study was carried out be- 
tween January 1987 and June 1989. During this period, 
a blood gas and acid-base assessment of umbilical cord 
blood at delivery was performed for 3674 patients rep- 
resenting approximately 70% of all deliveries. The cri- 
teria of significant intrapartum fetal asphyxia was an 
umbilical artery buffer base value <34.0 mmol/L. Fetal 
asphyxia was observed in 99 newborns at delivery, an 
incidence of 2.7%. 

The group with asphyxia in this study included 51 
of the 99 newborns with a significant metabolic acidosis 
at delivery. Newborns not included in the study were 
preterm newborns and newborns whose parents either 
did not consent to participate or who could not be seen 
immediately after delivery to obtain consent. There was 
no significant difference between the umbilical artery 
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buffer base value of newborns in the group with as- 
phyxia (mean umbilical artery buffer base value 
30.5 + 4.2 mmol/L) and the asphyxiated newborns not 
entered in the study (mean umbilical artery buffer base 
value 30.4 + 3.9 mmol/L). 

The control group consisted of the next new- 
borns with an umbilical artery buffer base value 
>38 mmol/L, matched for gestational age and birth 
weight + 200 gm whose parents consented to partici- 
pation of their newborns in the study. The mean birth 
weight for the group with asphyxia was 3267 gm and 
for the control group was 3315 gm. The mean umbilical 
artery buffer base value for the control group was 42.2 
mmol/L. 

The Apgar scores at 1 and 5 minutes were recorded 
for each newborn. Newborn encephalopathy was doc- 
umented on the basis of observations of the nurses and 
physicians. The criteria for the diagnosis included be- 
havioral changes, abnormalities of tone, and seizures. 
Abnormalities of behavior, irritability, jitteriness, leth- 
argy, and coma were identified by observations of spon- 
taneous movement of the infant. Increased or de- 
creased tone was identified during observations of pos- 
ture and active and passive movement. Subtle, tonic, 
or clonic seizures were noted. Newborn encephalopa- 
thy was classified as mild with abnormalities of behavior, 
moderate in the presence of lethargy and hypotonia, 
and severe in the presence of seizures. 

The newborn behavioral assessment scale was ad- 
ministered in the hospital to newborns when they were 
3 days old if medically stable and again in the home 2 
weeks after delivery by a research assistant who had 
been certified as a reliable examiner by Brazelton. The 
research assistant was not informed of whether the 
newborn infant was of the group with asphyxia or the 
control group. The newborn behavioral assessment 
scale includes 26 behavioral items (the pin-prick item 
was omitted) and 16 reflexes. The Lester cluster sum- 
mary scores’ were used to summarize the newborns’ 
performance. He combined the 26 behavioral items 
into six summary clusters and used the [6 reflexes to 
generate a seventh cluster. The six behavioral clusters 
are: (1) habituation, response decrement to repeated 
auditory, visual, and tactile stimulation; (2) orientation, 
orienting response toward animate and inanimate stim- 
uli, and overall alertness; (3) motor, integrated motor 
acts and overall muscle tone; (4) range of state, the 


rapidity of build-up, peak, and lability of state changes; 


(5) regulation of state, infants’ ability to modulate their 
own state control; and (6) autonomic regulation, signs 
of physiologic stress such as tremors, startles, and 
changes of skin color. The seventh or reflex cluster is 
the total number of intact reflexes scored. 

In administering the test it was difficult to obtain 
complete data for all the items for all subjects because 


Volume 163 
Number 4, Part 1 


Table I. Brazelton newborn behavioral assessment scale 
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Habituation 25 7.7 21 7.9 NS 9 7.6 9 7.6 NS 
Orientatior. 49 7l 49 7.0 NS 47 io 49 7.0 NS 
Motor 5] 5.1 50 5.2 NS 47 5.2 49 5.4 0.09 
Range of state 51 3.8 50 3.8 NS 47 3.0 49 3.4 0.05 
Regulation of state 50 5.4 50 5.4 NS 47 4.6 49 4.8 NS 
Autonomic regulation 5] 6.4 50 6.5 NS 47 6.6 48 6.8 NS 
Reflexes 51 14.1 50 13.7 NS 47 13.1 49 13.2 NS 


The Lester summary scores for the newborn behavioral assessment scale administered 3 days and 2 weeks after delivery for 


the group with asphyxia and the control group. 


of the state control requirements. For example, habit- 
uation must be administered while the infant is asleep, 
and many waken after a few trials. 

Statistical analysis included the Student ¢ test. Statis- 
tical significance was p < 0.05. 

This study was approved by an ethics review com- 
mittee of the Faculty of Medicine, Queen’s University. 


Results 


The Lester summary scores of the newborn behav- 
ioral assessment scale for the group with asphyxia and 
the control group administered 3 days after delivery 
are presented in Table I. There were no significant 
differences between the sunimary scores of the group 
with asphyxia and the control group. To provide a com- 


plete description of the results, average performance | 


on the individual items, which constitute the summary 
scores, were compared. This more detailed analysis 
failed to reveal any significant differences between the 
two groups on individual item scores. 

The Lester summary scores of the newborn behav- 
ioral assessment scale for the group with asphyxia and 
the control group administered 2 weeks after delivery 
are also presented in Table I. The summary score for 
range of state in the group with asphyxia was signifi- 
cantly lower than that in the control group and a similar 
trend was apparent for the motor score. A review of 
the individual items that constitute the summary scores 
identified six items for which the score of the group 
with asphyxia was lower than that of the control group 
(p < 0.1). In regard to the range of state, the average 
for all item; in the group with asphyxia were lower 
than those in the control group, whereas in regard to 
motor summary, the differentiating items were pull to 
sit and motor maturity. 

The group with asphyxia was divided into two 
subgroups cn the basis of the severity of the metabolic 
acidosis. The mean umbilical artery buffer base value 
was 33.3 mmol/L for the group with moderate asphyxia 


and 27.9 mmol/L for the group with more severe as- 
phyxia. There was no evidence that the group with 
more severe asphyxia had significantly lower summary 
scores than those of the group with moderate asphyxia. 

The mean Apgar scores in the group with asphyxia 
were significantly lower than those in the control group 
at 1 minute (6.2 vs 8.2, p < 0.0001) and at 5 minutes 
(8.2 vs 9.1, p < 0.004). Thus an analysis of the Lester 
summary scores for the newborn behavioral assessment 
scale administered 3 days and 2 weeks after delivery in 
relation to Apgar scores in the group with asphyxia was 
carried out. Newborns with Apgar scores 0 to 3 were 
compared with newborns with Apgar scores 4 to 7 and 
Apgar scores 8 to 10 at 1 minute and 5 minutes after 
delivery. There were 11 newborns in the group with 
asphyxia with Apgar scores 0 to 3 at 1 minute after 
delivery. Newborns with Apgar scores 0 to 3 after de- 
livery demonstrated a lower summary score for regu- 
lation of state (p < 0.03) 3 days after delivery, and a 
lower summary score for autonomic regulation (p < 
0.03) 2 weeks after delivery. These differences likely 
reflect chance in view of the number of analyses. ‘There 
were only two newborns with Apgar scores of 0 to 3 at 
5 minutes after delivery. There were no significant dif- 
ferences between the summary scores for the newborns 
with Apgar scores 4 to 7 and newborns with Apgar 
scores 8 to 10 at 5 minutes after delivery. 

There were three newborns with mild or moderate 
newborn encephalopathy and one newborn with severe 
newborn encephalopathy in the group with asphyxia. 
The mean umbilical artery buffer base value for this 
small subgroup was 25.4 mmol/L. There were no strik- 
ing differences between the Lester summary scores for 
the newborns with encephalopathy in relation to those 
without encephalopathy. However, the subgroup with 
newborn encephalopathy tended to have lower motor, 
range of state, and autonomic regulation summary 
scores in the newborn behavioral assessment scale ad- 
ministered 2 weeks after delivery. 


1134 Low etal. 


Comment 


No reports have been found that used the newborn 
behavioral assessment scale to assess the association of 
biochemically determined intrapartum fetal asphyxia. 
This was a matched cohort study of mature newborns 
with similar birth weight and an equal number of 
growth retarded newborns in each group. This design 
controls for the different patterns of newborn behavior 
in the term infant in relation to the preterm newborns” 
and in the growth-retarded infant in relation to the 
normally grown newborns." 

Newborns of the group with asphyxia were derived 
from blood gas and acid-base screening of a large num- 
ber of deliveries, which in general were representative 
of the obstetric population in this.regional referral cen- 
ter. As anticipated, the Apgar scores of the group with 
asphyxia were significantly lower than those in the con- 
trol group. However, only four newborns exhibited 
signs of newborn encephalopathy. Thus the fact that 
the study population does not reflect the severe end of 
the spectrum of intrapartum fetal asphyxia may have 
mitigated against our finding group differences. 

Three days after delivery the Lester newborn be- 
havioral assessment scale summary scores for the group 
with asphyxia were of the same order as those of the 
control group. This was also true when the newborns 
in the group with asphyxia with more severe metabolic 
acidosis were compared with those in the control group. 
Asphyxiated newborns with low Apgar scores at 1 and 
5 minutes may represent a more severe asphyxial insult 
to the fetus. However, the summary scores of newborns 
with low Apgar scores were not significantly different 
from those of the newborns with good Apgar scores. 

The results of the 3-day newborn assessment are in 
keeping with the contention that many newborns who 
have undergone an intrapartum asphyxial insult will 
not display signs of central nervous system injury. The 
protection of the central nervous system is presumably 
because of fetal cardiovascular and cerebral oxygen 
consumption compensatory mechanisms. Fetal hypox- 
emia results in increased arterial pressure as a result of 
increased vascular resistance associated with a redistri- 
bution of cardiac output. There is reduced blood flow 
to the pulmonary, renal, gastrointestinal circulation, 
and the body, and increased blood flow directed to the 
brain, heart, and adrenals. Recent studies of fetal 
lamb indicate normal cerebral oxygen consumption will 
continue for some time in the presence of a relative 
degree of fetal hypoxia.” 

Newborns with Seizures have been shown to have less 
favorable newborn behavioral assessment scale scores. ’’ 
Our four newborns with evidence of newborn enceph- 
alopathy had less favorable Lester summary scores at 
2 weeks after delivery. Given this trend it is reasonable 
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to assume that a larger sample of newborns with severe 
encephalopathy might have confirmed this finding. 

The expression of abnormal newborn behavior be- 
cause of a central nervous system asphyxial insult may 
be delayed. When the Lester summary scores for the 
newborn, behavioral assessment scale administered 2 
weeks after delivery were examined, the group with 
asphyxia in relation to the control group had a lower 
summary score for range of state. The group with as- 
phyxia had lower scores for six individual items of the 
newborn behavioral assessment scale that are compc- 
nents of the range of state and motor summary scores. 
These differences are small and of limited statistical 
significance. However, the possibility of a delayed 
expression of the effect of an asphyxial insult of the 
central nervous system deserves further assessment. 

The results of the present study suggest that the 
threshold of central nervous system injury as a result 
of intrapartum fetal asphyxia is at the severe end of 
the spectrum of asphyxia when it is expressed by ob- 
jective measures of metabolic acidosis. 
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Sexually transmitted diseases and human immunodeficiency 
virus infection among women with pelvic 


inflammatory disease 
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Both human immunodeficiency virus infections and pelvic inflammatory disease are sexually acquired 
illnesses of great consequence to women. This study was undertaken to determine if women hospitalized 
with pelvic inflammatory disease, in a community endemic for human immunodeficiency virus, were at high 
risk to be infected with human immunodeficiency virus and if human immunodeficiency virus infections 
altered their hospital course. One hundred ten women hospitalized with pelvic inflammatory disease in 
Brooklyn (in a hospital in which 2% of parturients are human immunodeficiency virus seropositive) agreed 
to human immunodeficiency virus testing; 15 (13.6%) were found to be seropositive. Seropositive women 
were significantly more likely to have an admission white blood cell count <10,000/mm* (p = 0.001). 
Human immunodeficiency virus seropositivity was not associated with a higher frequency of other sexually 
transmitted diseases although there was a trend toward more cases of syphilis among human 
immunodeficiency virus-infected women. Similarly, although there was no significant difference in rates of 
operative intervention (26.6% among seropositive and 8.4% among seronegative; p = 0.058), there was a 
trend toward more surgery among those who were human immunodeficiency virus infected. Women 
hospitalized with pelvic inflammatory disease, in a community endemic for human immunodeficiency virus, 
are at high risk for human immunodeficiency virus infection. More research is needed to verify a trend 
toward more refractory infections among human immunodeficiency virus—infected women. (Am J OBSTET 


GYNECOL 1990;163:1135-9.) 
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Pelvic inflammatory disease is a major cause of acute 
and chronic morbidity among women of reproductive 
age. Although the exact incidence of pelvic inflam- 
matory disease is unknown, it has been estimated that 
by the year 2000 one of every 20 women who was 15 
years old in 1970 will have had at least one episode of 
pelvic inflammatory disease.’ The risk of acquiring 
pelvic inflammatory disease is associated with young 
age, increased numbers of sexual partners, and low 
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Table I. Clinical criteria for diagnosis of pelvic 
inflammatory disease 


1. Abdominal direct tenderness with or without rebound 
and 
2. Cervical-uterine motion tenderness 
3. Adnexal tenderness plus one or more of the fol- 
lowing 
a. Gram-negative intracellular diplococci on gram 
stain of endocervical smear 
. Temperature > 38°C 
. White blood cell count > 10,000/mm° 
. White blood cells in intraperitoneal fluid obtained 
by culdocentesis or laparoscopy 
e. Pelvic abscess on bimanual examination or ultraso- 


nography 


mH O oO 


socioeconomic status. Infections with human immu- 
nodeficiency virus (HIV) and other sexually transmit- 
ted diseases (STDs) are increasing among the same 
groups.” * Since these infections, as well as pelvic in- 
flammatory disease, are sexually transmitted, it is pos- 
sible that women who have pelvic inflammatory disease 
are at risk for HIV infection. Further, coincident in- 
fection with HIV has already been shown to influence 
the course of other STDs and to be associated with 
increases in mortality from a variety of non—“acquired 
immunodeficiency syndrome” infections. 

The following cross-sectional study was undertaken 
to assess the prevalence of HIV infection among 
women hospitalized with pelvic inflammatory disease 
in a community endemic for HIV* and to determine if 
such women, who are also HIV antibody positive, have 
a higher prevalence of other STDs and are more se- 
verely ill. 


- Material and methods 


Women admitted to Kings County Hospital Center 
between November 1987 and October 1988 who ful- 
filled published criteria for the diagnosis of pelvic in- 
flammatory diseases (Table I) were eligible to partici- 
pate in the study. Participants signed a study consent 
form, as well as a New York State consent form for HIV 
antibody testing. The study protocol was approved 
by the hospital institutional review board and the 
New York City Health and Hospital Corporation. 

On admission diagnostic tests for STDs were per- 
formed. Saline solution washings from the posterior 
fornix were examined microscopically for the presence 
of Trichomonas vaginalis, Candida albicans, and bacterial 
vaginosis, which was diagnosed when the pH was al- 
kaline, clue cells were present, and the “whiff test was 
positive. Additionally, samples from the cervix were 
cultured for Chlamydia trachomatis according to a tech- 
nique described elsewhere.’ Specimens from the cervix, 
urethra, and anus were cultured for Netsseria gonor- 
rhoeae. Samples from the cervix were cultured for 
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herpes simplex virus.’ All patients had Papanicolaou 
smears, which were assessed for koilocytes, multinu- 
cleation, and other changes indicating human papil- 
lomavirus infection.’ Blood was drawn for rapid plasma 
reagin tests (followed, when positive, with fluorescent 
treponemal antibody tests) and HIV antibodies. HIV 
serologic testing was performed at the New York City 
Department of Health laboratory. Samples repeatedly 
positive by enzyme-linked immunosorbent assay were 
confirmed by Western blot. 

Patients underwent detailed interviews about de- 
mographic factors, sexual practices, and drug use. A 
cross-sectional comparison between HIV-positive and 
HIV-negative subjects was performed for STDs, phys- 
ical findings, and demographic characteristics. 

The HIV antibody status of study subjects was noz 
known by treating physicians. All STDs, including pel- 
vic inflammatory disease, were treated per Centers for 
Disease Control guidelines.? 

Statistical analysis. Differences between HIV- 
positive and HIV-negative patients were compared 
with Fisher’s exact test. All statistical tests were two- 
tailed. To compensate for asymmetry and highly dis- 
crete data, a mid p value was obtained by subtracting 
half of the probability of the observed statistic from the 
exact value.’ Odds ratios and their 95% confidence in- 
tervals were computed by exact methods with condi- 
tional maximum likelihood estimations." 


Results 


During the 12-month study period 190 eligible pa- 
tients were admitted with pelvic inflammatory disease. 
Of these, 144 were offered entry into the study. The 
remainder (n = 46) had signed out against medical ad- 
vice or were otherwise unavailable (discharged before 
study personnel could approach them or admitted at 
a time when study personnel were not available). Of 
the 144 patients who were offered entry, 112 (78%) 
accepted. Two were later excluded because they had 
ectopic pregnancies. The majority of patients who re- 
fused to participate in the study stated (1) that they did 
not want to know their HIV antibody status or (2) that 
they had to ask their boyfriends first. 

Fifteen of the 110 patients (13.6%; 95% confidence 
interval, 7.9% to 21.5%) who entered the study were 
HIV antibody positive. There was no significant dif- 
ference in the mean age (28.5 + 6.9 vs 28.1 + 4.7 
years) or parity (1.8 + 1.3 vs 1.2 + 1.2) between se- 
ropositive and seronegative patients. Among HIV- 
positive patients two were parenteral drug users, two 
were sex partners of parenteral drug users, and four 
both used parenteral drugs and had drug-using part- 
ners. Two additional patients came from countries 
where heterosexual spread is known to occur. Five 
women acknowledged no risks and had no signs of 
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Table II. Hospital course of HIV-antibody-positive and HIV-antibody-negative patients 





6 HV status o V 6 HV status o 


TT TOR 


n 

Length of stay 
(days) 

Admission white 
blood cell count 


6/15 (40%) 85/95 (89%) 


>10,000/mm* 
Admission tempera- 13/15 (86%) 76/95 (80%) 
ture >38°C 
Tuboovarian abscess 4/15 (22.6%) 13/95 (13.7%) 
Surgery 4/15 (26.6%) 8/95 (8.4%) 





0.74 
91/100 (85%) 0.001 0.082 0.02-0.28 
89/110 (81%) 0.73 4.62 0.37-11.37 
17/110 (15.5%) 0.24 2.27 0.55-8.14 
12/110 (10.9%) 0.058 3.89 0.89-15.29 


Table III. STDs among HIV-antibody-positive and H]V-antibody-negative patients 





HV status V HV status 


Chlamydia 15% (2/13) 16% (14/89) 
Gonorrhea 33% (5/15) 25% (23/91) 
Candida albicans 7% (1/14) 14.1% (12/85) 


Human papilloma 29% (4/14) 25% (22/87) 
virus (Papanico- 
laou smear) 

Herpes simplex 
virus (culture) 

Trichomonas 

Bacterial vaginosis 

Positive VDRL 
and FTA tests 


Hepatitis 


8.33% (1/12) 1.96% (1/31) 
13% (2/15) 
14% (2/14) 
53% (8/15) 


12% (11/33) 
11% (10/91) 
34% (31/92) 


7% (1/15) ` 2% (2/91) 






95% 
Confidence 
Overall p Value Odds ratio interval 
16% (16/102) 0.99 0.97 0.13-4.49 
27% (28/106) 0.53 1.47 0.42-4.78 
13.1% (13/99) 0.68 0.47 0.02-3.11 
26% (26/101) 0.75 1.18 0.29-4.09 
3.17% (2/63) 0.35 4.4 0.11-180.4 
12% (13/108) 0.99 1.15 0.16-5.32 
11.4% (12/105) 0.66 1.35 0.18-6.42 
36% (39/107) 0.16 2.23 0.72-7.04 
3% (3/106) 0.37 3.13 0.10-43.49 


VDRL, Venereal Disease Research Laboratory; FTA, fluorescent treponemal antibody. 


intravenous drug use (needle tracks). In sum hetero- 
sexual transmission was the most likely mode of trans- 
mission in 9 of 15 (60%) patients. 

On admission 40% (6/15) of the HIV-positive pa- 
tients and 89% (85,95) of the HIV-seronegative pa- 
tients had a white blood cell count of =10,000/mm' 
(p < 0.001) (Table II). A temperature >38° C on ad- 
mission was found in 86% (13/15) and 80% (76/95) 
of seropositive and seronegative patients, respectively 
(p = 0.73). The mean hospital stay was 5.8 days for 
seropositive patients and 5.6 days for seronegative pa- 
tients (p = 0.75). Four of the 15 seropositive women 
(26.6%) had tuboovarian abscesses confirmed ultra- 
sonographically, compared with 13 of 95 seronegative 
women (13.7%) (p = 0.24). Thus 4 of 17 women with 
tuboovarian abscesses (23.5%) were seropositive, com- 
pared with 11 of 93 women without tuboovarian ab- 
scesses (11.8%). Four of the 15 seropositive women 
(26.6%) had persistent fevers that were refractory 
to antibiotics and they required surgery: salpingo- 
oophorectomy (n = 2), total! abdominal hysterectomy 
and bilateral salpingo-oophorectomy (n = 1), and lap- 


aroscopy {n = 1). Eight of the seronegative women 
(8.4%) had surgery: total abdominal hysterectomy 
and bilateral salpingo-oophorectomy (n = 5), unilat- 
eral salpingo-oophorectomy (n = 2), and laparoscopy 
(n = 1). The difference in the proportion of patients 
undergoing operation (26.6% vs 8.4%) by HIV status 
missed attaining statistical significance at the traditional 
level (p = 0.058; 95% confidence interval, 0.89 to 
15.25). 

As can be seen in Table III there was no significant 
difference between seropositive and seronegative pa- 
tients in rates of STDs, although the difference in syph- 
ilis rates (53% vs 34%; odds ratio, 2.23; 95% confi- 
dence interval, 0.72 to 7.043) approached significance 
(p = 0.16). 


Comment 


Pelvic inflammatory disease, because of its preva- 
lence, cost, and consequent morbidity, is one of the most 
important STDs among women. Sexual risk behaviors 
are clearly associated with the acquisition of both pelvic 
inflammatory disease and HIV. In our study of 110 in- 
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patients with pelvic inflammatory disease in a com- 
munity that is endemic for HIV we indeed found a 
high rate (13.6% with a lower limit of 8%) of HIV 
infection, particularly among women with evidence of 
tuboovarian abscesses (23.5%) or white blood cell 
counts <10,000/mm?* (47.4%). The rates are higher 
than previously reported from women at the same in- 
stitution who were giving birth’? or who had cervical 
dysplasia.'* | 

HIV infections among women are being acquired 
increasingly through heterosexual contact. This finding 
was also apparent in our study. Almost two thirds of 
patients’ putative risk for HIV infection was sexual con- 
tact. However, parenteral drug use continued to be an 
important risk factor with more than half of the patients 
either using intravenous drugs or having as their risk 
factor heterosexual contact with an intravenous drug 
user. The rate of HIV infection, even among that co- 
hort with no intravenous drug use or sexual exposure 
to intravenous drug users, was sufficiently high to war- 
rant routine counseling and offering of HIV testing to 
all inpatients with pelvic inflammatory disease in this 
community. As noted, groups at particularly high risk 
for HIV infection include those with a tuboovarian ab- 
scess (23.5%) and those with white blood cell counts 
<10,000/mm? (9/19, 47.4%). 

The low white blood cell count found among women 
who otherwise fulfilled criteria for pelvic inflammatory 
disease could reflect an HIV-mediated blunting of the 
normal leukocytosis associated with acute pelvic inflam- 
matory disease. HIV infections are associated with a 
lymphophopenia that could have contributed to this 
finding. 

The clinical course of pelvic inflammatory disease 
among HIV-infected women has not been previously 
described. Although the in-hospital course of patients 
in our study did not vary in a statistically significant 
manner with serologic status, there was a trend toward 
more tuboovarian abscesses and more instances of op- 
erative intervention among seropositive women, and 
our study design might mask other subtle differences. 
If, for example, HIV-infected women have more severe 
cases of pelvic inflammatory disease, it would be more 
difficult to detect such an effect in a population con- 
sisting exclusively of inpatients. Thus, if HIV-infected 
women with pelvic inflammatory disease are more likely 
to require in-hospital care, our design would not detect 
that effect. Although the design and small sample size 
limit our ability to distinguish significant differences, 
HIV-seropositive women were at least twice as likely to 
have tuboovarian abscess and to undergo surgery. 
Given the possibility of more refractory pelvic inflam- 
matory disease, it might be prudent to treat all known 
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HIV-infected women with pelvic inflammatory disease 
aggressively, with consideration given to inpatient 
treatment for all such women. 

The prevalence rate of syphilis among HIV sero- 
positive women in this population was 53%. Although 
not quite statistically significantly higher than that of 
seronegative women in this study, the high rate of syph- 
ilis among HIV-positive patients is in concordance with 
that reported elsewhere. Antecedent infection with 
syphilis or other ulcerative diseases has been reported 
to enhance acquisition and transmission of HIV.” Coin- 
cident infection with HIV can also modify the course 
of diseases such as syphilis. In our study population 
patients with pelvic inflammatory disease who were 
HIV seropositive did not have a significantly different 
pattern of associated STDs, other than syphilis, or vag- 
initis than that seen among HIV-seronegative patients. 
The rate of STDs among all patients, however, was 
quite high for infections ranging from human papil- 
lomavirus to hepatitis. 

A potential bias in the study related to reported HIV 
prevalence involves ascertainment in recruitment. We 
do not know the characteristics of the patients who 
elected not to participate. However, study personnel 
strongly believed that many of the patients who elected 
not to participate were at very high risk of HIV infec- 
tion because of apparent drug use and noncompliance 
during admission. Additionally patients who were not 
eligible because they signed out against medical advice 
before completing therapy for pelvic inflammatory dis- 
ease may be at particularly high risk. It is possible there- 
fore that the rate of HIV infection may have been un- 
derstated. 

In sum, women from communities that are endemic 
for HIV, who are treated in the hospital for pelvic in- 
flammatory disease, represent a group at high risk for 
HIV infections. Further research is needed to evaluate 
a possible trend toward more refractory pelvic inflam- 
matory disease among HIV-infected women. 


We acknowledge Tonya Dotson’s contributions to 
data collection. 
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function and symptoms 


Rami Langer, MD, Abraham Golan, MD, Menachem Neuman, MD, David Schneider, MD, 


Ian Bukovsky, MD, and Eliahu Caspi, MD 
Zerifin, Israel 


Fourteen pat ents with large uterine fibroids and urinary symptoms were treated with monthly injections of 
[D-Trp°]- -luteinizing hormone—releasing hormone microcapsules. The average uterine size before treatment 
was 728 ml: it dropped to 323 mi (a drop of 55%) after treatment. Urinary symptoms of diurnal frequency 
disappeared in 11 of 12 patients (p <.0.005) after the reduction of uterine size. Urgency decreased in 11 
of 13 (p < 0.005) and nocturia in eight of 10 (p < 0.02). No differences were found before and after 
treatment in che symptoms of urge incontinence and stress incontinence in the cystometric and urethral 
pressure pro`ile measurements. Urinary symptoms of frequency, urgency, and nocturia may be caused by 
the direct pressure exerted on the bladder by the enlarged uterus. Symptoms of urge incontinence and 
stress incont nence deserve a more specific treatment as they are not related to uterine size. (Am J OBSTET 


GYNECOL 19¢€0;163:1139-41.) 


Key words: Uterine fibroids, gonadotropin-releasing hormone analogs, bladder symptoms 


Patients who have large pelvic tumors frequently 
have evider.ce of pressure on the urinary bladder giving 
rise to symptoms of frequency, urgency, and inconti- 
nence. These symptoms are common with large uterine 
fibroids, which are the most common tumors of the 
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female pelvis. Removal of these fibroids may result in 
relief of the patients’ urinary symptoms,.as suggested 
by some.’ On the other hand, surgical removal of the 
uterus may cause further exacerbation of the urinary 
symptoms because of bladder denervation.’ Others® 
state that urinary symptoms are very rarely the result 
of direct uterine pressure on the bladder and, as such, 
urinary symptoms are a most inadvisable indication for 
hysterectomy. 

The purpose of this study was ‘to assess both objec- 
tively and subjectively the influence of large uterine fi- 
broids on the urinary bladder in a model in which these 
tumors could be reduced in size by nonsurgical means. 
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Table I. Clinical data before and 2 months 
after decapeptyl treatment (N = 14) 


Before After | 
treatment treatment | Significance 


Diurnal frequency 12 (85%) 1 (7%) p < 0.005 
Nocturia 10 (71%) 2 (14%) p< 0.02 
Urgency 13 (93%) 2 (14%) p< 0.005 
Urge incontinence ` 5 (35%) 4 (28%) NS 
Stress incontinence . 6 (43%) 5 (35%) NS 


Table II. Cystometric data before and after 
2 months of decapeptyl treatment (N = 14) 


Before After 
treatment treatment 


Capacity (ml) 480 + 49.3 475 + 50.1] 
Residual (ml) 22.1 + 16.2 20.7 + 19.3 
PR, (mm H0) 10.7 & 3.2 1.3 + 5.4 
PR, (mm H,O) 4.6 4.1 5.2 + 3.8 
Maximal voiding pressure 

(mm H,O) 347 2°98. ~S6.5-22°7.3 
Peak flow rate (ml/sec) 31.8 + 6.2 32.7 + 4.8 


PR,, Pressure rise on filling; PR, pressure rise on standing. 
p = NS. 


Material and methods 


At Assaf Harofeh Medical Centre we treat patients 
with large uterine fibroids scheduled for operation with 
. gonadotropin-releasing hormone (GnRH) analogues 
for 2 months beforehand to reduce the uterine size; 
this results in less bleeding before and during opera- 
tion. From these patients we selected 14 (uterine size 
>17 weeks of gestation) with lower urinary tract 
symptoms. 

Uterine size was determined by ultrasonography 
according to the formula for ellipsoid tumors, V = 
4/3R, X R X R; X IIL.* Each patient had two monthly 
intramuscular injections of  [p-Trp*]-luteinizing 
hormone—releasing hormone microcapsules (Decapep- 
tyl, 3.2 mg; Ferring, Kiel, Federal Republic of Ger- 
many). The injections were given at 2 months and 
1 month before operation. Ultrasonographic exami- 
nations were performed before the GnRH analog treat- 
ment and just before operation. 

Before the first injection of the GnRH analog and 
again immediately before operation each patient had 
a full history taken and the following urinary symptoms 
were recorded: diurnal frequency, nocturia, urgency, 
urge incontinence, and stress incontinence. 

The urodynamic investigation included cystometry 
and uroflowmetry, performed by the urinary investi- 
gation system 5000 (Lectromed, St. Peter, Jersey, Chan- 
nel Islands), with saline solution used as the filling sub- 
stance at room temperature and at an infusion rate of 
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Table III. Urethral pressure profile before 
and 2 months after decapeptyl treatment 
(N = 14) 


Before After 
. treatment treatment 


Absolute length (cm) 49.8 + 5.2 47.9 + 6.1 

Functional length 44.7 + 4.5 46.1 + 4.1 
(cm) 

Maximal urethral 58.6 + 10.4 57.3 2:117 
pressure 


Maximal urethral clo- 52.4 + 13.1 50.3 + 12.8 


sure pressure (mm 


H.O) 
Pressure transmission 
(ratio %) 
Qo, ` 92.8 + 3.2 94.1 + 2.6 
Q 98.7 + 6.3 99.1 + 5.3 
Q; 99.8 + 4.5 98.1 + 5.1 
Q; 71.7 + 9.8 73.1 + 6.7 
p=NS. 


100 ml/sec. Measurements were made with the patient 
in the supine and standing positions. Urethral profile 
pressures were performed with the dual Gaeltec mi- 
crotransducer catheter (Glasgow). These tests at rest 
and on stress were described elsewhere.’ Pressure trans- 
mission ratios’ were calculated from the stress profile 
at four equidistant points along the functional length 
of the urethra. Diurnal frequency was defined as the 
passage of urine six or more times during the day or 
twice or more at night. The methods, definitions, anc 
units conform to the standards proposed by the Inter- 
national Continence Society.” The statistical method 
used was McNemar’s paired x? test. 


Results 


The mean age of the patients was 44.2 years (range, 
39 to 50), and mean parity was 2.6 (range, 1 to 4). Before 
the [p-Trp*]-LH-RH treatment, the average uterine 
size, as measured by ultrasonography, was 728 ml; this 
dropped to 323 ml after 2 months of treatment (drop 
of 55%). Clinically a significant decrease (Table I) in the 
incidence of diurnal frequency, urgency, and nocturia 
was found after 2 months of [p-Trp*°]-LH-RH treat- 
ment (p < 0.005, <0.005, and <0.02, respectively). 
Symptoms of urge incontinence and stress incontinence 
were not affected by the decrease in uterine size. 

Urodynamically, there were no significant differ- 
ences between the pretreatment and posttreatment val- 
ues of capacity, residual volume, and pressure rise on 
filling or standing, in the maximal voiding pressure, 
and in the peak flow rates (Table I). 

Urethral pressure curves (Table III) showed no sig- 
nificant differences regarding values of urethral length, 
closure pressure, and pressure transmission ratios be- 
fore and after treatment with GnRH analogs. 
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Comment 


Treatment of uterine fibroids with GnRH analogs, 
their mode of action, indications, and results are well 
documented.” We treat patients with large fibroids with 
GnRH analogues 2 months before operation to reduce 
uterine size, facilitate surgery, and reduce blood loss. 
This reduction in uterine size (55% of the initial vol- 
ume) enabled us to examine the “net” effect of the large 
uterus on the bladder in patients with urinary symp- 
toms. The commonly held view that surgical removal 
of the enlarged uterus may cause disappearance of 
these urinary symptoms is controversial, mainly be- 
cause hysterectomy by itself may cause urinary distur- 
bances.*° In a recent report? we showed that abdom- 
inal hysterectomy for benign conditions in patients 
without urinary symptoms does not cause urinary 
symptoms after operation. 

In this preliminary study we proved that patients with 
large uterine fibroids and urinary symptoms had a sig- 
nificant reduction in symptoms of diurnal frequency, 
urgency, and nocturia merely by reducing the uterine 
size. One may assume that these symptoms are caused 
by the direct pressure exerted on the bladder by the 
enlarged uerus. On reduction of uterine size we found 
no changes in either cystometric, uroflowmetry, or ure- 
thral profie pressure measurements or in the symp- 
toms of urge and stress incontinence. These symptoms 
deserve more specific treatment because they are most 
probably unrelated to uterine size. 
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The natural history of thrombocytopenia associated 


with preeclampsia 


Vern L. Katz, MD, John M. Thorp, Jr., MD, Lynda Rozas, BA, and 


Watson A. Bowes, Jr., MD 
Chapel Hill, North Carolina 


Sixty-one of 375 women with hypertension and preeclampsia in a 48-month period had thrombocytopenia. 
By postpartum day 3, 90% of these women had rising platelet counts, and by day 4, 59 of 61 women had 
counts >100,000/mm*. The two exceptions had other pathologic conditions in addition to preeclampsia. 
Thrombocytopenia associated with preeclampsia should resolve by postpartum day 4. (Am J OBSTET 


GYNECOL 1990;163:1142-3.} 


Key words: Thrombocytopenia, preeclampsia, platelets 


Preeclampsia may be associated with a low platelet 
count.’ Delivery leads to resolution of preeclampsia 
with removal of agents that may initiate endothelial 
damage and platelet consumption." * Thus thrombo- 
cytopenia should resolve after delivery. The purpose 
of this study is to clarify the time course of thrombo- 
cytopenia associated with preeclampsia. 


Methods 


We reviewed the records of obstetric patients 
with diagnoses of hypertension or preeclampsia at 
North Carolina Memorial Hospital, a university teach- 
ing hospital, over a consecutive 48-month period. Hy- 
pertension was defined as a blood pressure of 140/90 
mm Hg taken on two occasions at least 6 hours apart. 
Preeclampsia was defined as hypertension and protein- 
uria (300 mg/24 hours or two measurements of 2+ 
on dipstick). Severe preeclampsia was diagnosed by one 
of the following parameters: eclampsia, pulmonary 
edema, >4 gm of proteinuria in 24 hours, oliguria, or 
diastolic blood pressure >110 mm Hg. Thrombocy- 
topenia was omitted as a diagnostic criteria for severe 
preeclampsia. The lowest platelet count in a given day 
was used for our assessment. A rising platelet count 
was defined as a platelet elevation > 15% from the pre- 
vious day’s count. 
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Fig. 1. Resolution of thrombocytopenia associated with pre- 
eclampsia. 
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Results 


Three hundred seventy-five patients who were de- 
livered during the study period were given a diag- 
nosis of preeclampsia or hypertension. Preeclampsia 
was confirmed in 237 patients. Platelet counts were 
>150,000/mm?* in 116 women, 31 of whom had se- 
vere preeclampsia. Forty women had platelet counts 
between 120,000/mm* and 150,000/mm!; nine had se- 
vere preeclampsia. Twenty patients had counts between 
100,000/mm' and 120,000/mm*, and two had severe 
disease. Seventeen of these 20 patients had rising plate- 
let counts by postpartum day 2. Three patients did not 
have platelets measured after postpartum day 1. 

Sixty-one patients with preeclampsia had platelet 
counts <100,000/mm*; 16 of these women had severe 
disease. The resolution of their thrombocytopenia is 
shown in Fig. 1. On postpartum day 2, 51% of women 
had rising platelet counts. On postpartum day 3, 90% 
had rising counts, and 86% of women had counts 
>75,000/mm*. By postpartum day 4, 59 of 61 women 
had rising counts and all but four women had counts 
>100,000/mm?’. The two exceptions included a woman 
with chronic renal disease and normal platelet counts 
at delivery, but a decline to 87,000/mm* on postpartum 
day 3. Her count rose to 118,000/mm* on postpartum 
day 6. This patient had normal liver function tests and 
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no evidence of hemolysis. The other patient who had 
no rise in platelet count had Proteus mirabilis sepsis, 
disseminated intravascular coagulopathy, and adult res- 
piratory distress syndrome. Her platelet counts ranged 
between 63,000/mm* and 96,000/mm* on postpartum 
days 1 through 7. 


Comment 


In this series only two women did not have rising 
platelet counts by postpartum day 4. Both of the ex- 
ceptions were atypical and had thrombocytopenia, most 
likely from factors other than preeclampsia. Thus if a 
patient with preeclampsia does not have a rising platelet 
count by postpartum day 3, and a count approaching 
100,000/mm‘* by postpartum day 4 in the absence of 
other pathologic conditions, she is beyond the expected 
time course of thrombocytopenia associated with pre- 
eclampsia. 
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Continuing controversy in allommune thrombocytopenia: Fetal 
hyperimmunoglobulinemia fails to prevent thrombocytopenia 


Umberto Nicolini, MD,* Yuen Tannirandorn, MD, Pedro Gonzalez, MD,’ 
Nicholas M. Fisk, MD," Jeremy Beacham, MSc, Elizabeth A. Letsky, MD, and 


Charles H. Rodeck, MD” 
London, England 


Two patients with severe alloimmune thrombocytopenia were managed by weekly intrauterine platelet 
transfusions at 25 to 36 weeks. In one patient high-dose immunoglobulin was also administered weekly to 
the mother, and high maternal and fetal immunoglobulin levels were achieved. Fetal platelet counts were 
similar in both patients. The only variable that affected fetal platelet concentration was the posttransfusion 
platelet count from the previous transfusion. (AM J OBsTeT GYNECOL 1990;163:1 144-6.) 


Key words: Allommune thrombocytopenia, intracranial hemorrhage, platelet transfusion 


Perinatal alloimmune thrombocytopenia is associated 
with a perinatal mortality of 10% to 15% and severe 
neurologic abnormalities in up to 25% of infants, the 
majority of which are attributable to intracranial hem- 
orrhage. 

Ultrasonography-guided fetal blood sampling has 
been used in this condition to determine the platelet 
count and platelet antigen status at 20 to 22 weeks and 
again before delivery.’ In the presence of thrombocy- 
topenia at 37 to 38 weeks fetal intravascular platelet 
transfusion was performed before elective delivery. 
However, this strategy does not address the problem 
of the prevention of intracranial hemorrhage earlier in 
pregnancy. More recently, increases in fetal platelet 
counts have been reported by Bussel et al.* after ma- 
ternally administered immunoglobulin. 

We report here on two patients with severe perinatal 
alloimmune thrombocytopenia, managed by weekly 
in utero platelet transfusions; one of them also received 
a maternal intravenous infusion of high-dose immu- 
noglobulin.? 


Case reports 


Two patients who had previously given birth to in- 
fants with severe perinatal alloimmune thrombocyto- 
penia were studied. Initial fetal blood sampling was 
performed under ultrasonographic guidance at 26 
and 25 weeks’ gestation in patients A and B, respec- 
tively, by means of a 20-gauge needle. Platelet count 
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was 28 x 10°/L in patient A and 4 x 10°/L in pa- 
tient B. | 

In patient A weekly in utero transfusions of platelet 
antigen-1—negative concentrated platelets were per- 
formed on seven occasions. In patient B high-dose im- 
munoglobulin (Sandoglobulin, Sandoz Pharmaceuti- 
cals, 1 gm/kg/day) was given intravenously to the 
mother at weekly intervals. However, after a second 
fetal blood sampling at 27 weeks that revealed a low 
platelet count, a regimen of weekly in utero transfu- 
sions of platelet antigen-1—negative concentrated plate- 
lets was adopted. The platelet antigen-1—negative do- 
nor platelet concentrations ranged from 781 to 1743 x 
10°/L and volume was 2 to 110 ml. 

Serial pretransfusion and posttransfusion platelet 
counts for each patient are shown in Fig. 1. 

Maternal and fetal blood samples were collected for 
determination of immunoglobulin concentration in 
both patients at the time of fetal transfusions (.e., 
6 days after maternal administration of immunoglob- 
ulin in patient B). 

Maternal immunoglobulin levels were above the nor- 
mal range on seven of eight occasions in patient B (me- 
dian, 23.6 gm/L; range, 8.7 to 25.2), whereas in patient 
A they were always within the normal range (median, 
5.1 gm/L; range, 4.4 to 7.4) (Mann-Whitney test, 
p = 0.005). Fetal immunoglobulin levels were above 
our normal range on all occasions in patient B after 
maternal administration of immunoglobulin, as op- 
posed to normal values in patient A (Fig. 2). 

Pretransfusion platelet counts correlated signifi- 
cantly with the posttransfusion counts from the pre- 
vious transfusion (Pearson correlation coefficient, 
r = 0.729, p = 0.007) and were similar in patient A 
(median, 29.5 x 10°/L; range, 18 to 44) and patient B 
(median, 30.0 x 10°/L; range, 7 to 63) (Mann-Whitney 
test, p = 0.886). 

The median rate of fall in platelet concentrations 
between transfusions was similar in both patients | 
(23.6 x 10°/L/day; range, 6.0 to 28.3 in Patient A and 
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Fig. 1. Fetal platelet count before and after platelet transfusions in patient A (A) and in patient B 


(B). 


18.4 x 10°/L/day; range, 10.0 to 39.4 in patient B; and a normal platelet count. Neither baby required 
Mann-Whitney test, p = 0.833). postnatal platelet transfusions. 
Neonates were delivered in good condition at 32 (case Both children are thriving and well, at ages 2 years 


A) and 35 weeks (case B) with no signs of hemorrhage (case A) and 6 months (case B). 
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Fig. 2. Fetal immunoglobulin levels in patient A (open circles) and in patient B (closed circles) plotted 


against normal range for gestation. 


Comment 


Serial platelet transfusions appear effective in min- 
imizing fetal thrombocytopenia in the third trimester 
in severe perinatal alloimmune thrombocytopenia and 
in preventing in utero intracranial hemorrhage. How- 
ever, intrauterine transfusions carry a small procedure- 
related risk that by extrapolation from series of Rh- 
alloimmunized patients might be estimated around 2% 
to 4%. In this regard the recent series of seven patients 
reported on by Bussel et al.,* describing improvement 
in fetal platelet counts with maternally administered 
immunoglobulin, underlines the potential for a more 
conservtive treatment. However, five of seven had 
platelet concentrations <100 x 10°/L with two of these 
below 50 x 10°/L. Failure of transplacental passage of 
immunoglobulins might explain the inconsistent results 
with this treatment. Indeed the immunoglobulin G 
levels in the fetal blood in the series of Bussel et al. 
were mostly within the normal range. On the contrary, 
transplacental passage was confirmed in our case B by 
high immunoglobulin concentrations in all the fetal 
samples, but no effect was demonstrated on platelet 
counts before each transfusion or in the rate of fall. 
This may be due to the following: (1) platelet antibodies 


are complement fixing and therefore Fc receptor block- 
ade may not be adequate in preventing platelet destruc- 
tion; (2) the placenta may block or alter the functional 
capacity of exogenous immunoglobulins. 

In conclusion, in severe perinatal allormmune throm- 
bocytopenia adequate elevation of the fetal platelet 
count to prevent intracranial hemorrhage is more ef- 
fectively achieved by platelet transfusions. It is not 
known how early in pregnancy intracranial hemor- 
rhage can occur, although experience in some cases 
suggests that it may happen before 28 weeks of preg- 
nancy. Since fetal pretransfusion platelet counts de- 
pend on the previous posttransfusion level, transfusion 
should aim for maximal elevation in platelet concen- 
tration. 
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Low fetal risks in pregnancies associated with idiopathic 


thrombocytopenic purpura 


Robert F. Burrows, MD, and John G. Kelton, MD 


Hamilton, Ontario, Canada 


idiopathic thrombocytopenic purpura and pregnancy are commonly associated. In this article we describe 
our experience in the management of 61 infants born to 50 mothers with confirmed idiopathic 
thrombocytopenic purpura. The focus was the neonatal cord platelet count, the parameter of greatest 
interest to cbstetricians. None of the 61 infants had morbidity or mortality as a consequence of the 
thrombocytopenia. Only three of 61 infants (4.9%) had a cord platelet count that was <50 x 10° per liter. 
Although 66% of the infants had a further fall in the platelet count after birth, in all the thrombocytopenia 
could readily be corrected. Neither maternal platelet count, maternal treatment with corticosteroids, 
maternal platelet-associated immunoglobulin G level, nor maternal splenectomy could be used to predict 
neonatal thcombocytopenia. Fetal scalp platelet sampling was likely to lead to an erroneous decision. The 
rareness of a poor neonatal outcome raises the question of whether obstetric interventions are justified for 
every pregnant patient with idiopathic thrombocytopenic purpura. (AM J Osster GynecoL 1990;163:1147- 


50.) 


Key words: Idiopathic thrombocytopenic purpura, pregnancy, maternal and neonatal 


thrombocytopenia 


Idiopathic thrombocytopenic purpura is a common 
disease of young women. As a result, the management 
of idiopataic thrombocytopenic purpura during preg- 
nancy is a clinical problem often faced by phvsicians. 
The pathophysiology of idiopathic thrombocytopenic 
purpura kas become better understood in recent years: 
the thrombocytopenia is caused by an immunoglobulin 
G (IgG) antiplatelet autoantibody that causes platelet 
destruction.’* Because IgG is transported across the 
placenta, some infants born to mothers with idiopathic 
thrombocytopenic purpura will be thrombocytope- 
nic.** However, not every infant is affected and within 
the affected group, the degree of thrombocytopenia 
can vary dramatically, ranging from mild to severe. 
Furthermore, several years ago we noted that often the 
most severe thrombocytopenia does not occur until sev- 
eral days after delivery.” This observation has impor- 
tant implications for obstetricians because in some re- 
ports the recommendations concerning delivery were 
made on the basis of the platelet nadir. Such an ap- 
proach will not produce an accurate estimate of the 
true hemostatic risk at the time of delivery. 
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Uncertainty surrounding the infant’s platelet count 
has led to a number of strategies to prevent or predict 
infant thrombocytopenia. For example, because of 
case reports that describe intracranial hemorrhage in 
thrombocytopenic neonates, many obstetricians rec- 
ommend the delivery of idiopathic thrombocytopenic 
purpura mothers by cesarean section.” ® However, this 
approach will lead to many unnecessary cesarean sec- 
tions, which themselves can result in morbidity. 

The central question for the obstetrician making de- 
cisions concerning the optimal mode of delivery is the 
risk of severe neonatal thrombocytopenia at the time 
of delivery. For this reason, we analyzed our experience 
with idiopathic thrombocytopenic purpura in preg- 
nancy with the focus moving from the postdelivery 
platelet nadir to the neonatal cord platelet count. Our 
reasoning was that the cord platelet count would be the 
best estimate of the true and immediate risk to the 
infant at the time of delivery. We found that the clinical 
impact of idiopathic thrombocytopenic purpura in 
pregnancy was modest: severe thrombocytopenia at de- 
livery is distinctly uncommon. Furthermore, investi- 
gations such as fetal scalp platelet sampling are more 
likely to lead to unnecessary treatment than to no in- 
tervention at all. 


Material and methods 

The study was a retrospective analysis of all pregnant 
patients with idiopathic thrombocytopenic purpura de- 
livered of infants in Hamilton, Ontario, Canada, from 


January 1980 to December 1989. A patient was con- 
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Table I. Maternal platelet count (= 10° per liter) and their neonates’ cord platelet counts (x 10° per liter) 


Maternal 
platelet count 


a 


Neonatal cord platelet count 


151+ 14 2 0 12 
101-150 2] 0 l 0 20 
51-100 20 l 2 l Lye 
<50 5 0 0 2 3 





*One set of twins. 


sidered to have idiopathic thrombocytopenic purpura 
if she had a history of thrombocytopenia with onset 
before the index pregnancy. This definition was used 
to ensure that we did not include patients with inci- 
dental thrombocytopenia of pregnancy, a condition fre- 
quently confused with idiopathic thrombocytopenic 
purpura and one that does not impact on the mother 
or her infant.’ The clinical diagnosis of idiopathic 
thrombocytopenia was made on the basis of the fol- 
lowing criteria: (1) tsolated thrombocytopenia with- 
out another hematological abnormality; (2) no secon- 
dary cause for the thrombocytopenia (hypersplenism, 
lymphadenopathy, systemic lupus erythematosus); and 
(3) a negative history for the ingestion of medication 


that could cause thrombocytopenia. Hamilton has three 


hospitals in which approximately 6000 deliveries are 
performed per year. All medical records from the three 
hospitals coded for thrombocytopenia and pregnancy 
were reviewed to identify those pregnancies that were 
complicated by idiopathic thrombocytopenic purpura. 
On the basis of an analysis of the idiopathic throm- 
bocytopenic purpura literature, we reviewed our ex- 
perience with the following potential predictors of neo- 
natal risk: maternal platelet count, maternal platelet 
associated IgG level, previous maternal splenectomy, 
steroid therapy, and fetal scalp sampling. Platelet count 
determinations were performed on an ethylenediamine 
tetraacetic acid anticoagulated specimen with a Coulter 
Counter (Coulter Electronics, Hialeah, Fla.). The 
mother or infant was said to have thrombocytopenia if 
the platelet counts were <150 x 10° per liter. Maternal 
platelet-associated IgG was quantitated with an im- 
munoradiometric assay.'° A platelet associated IgG level 
>5.5 fg IgG per platelet was considered abnormal. 
Performance of scalp sampling. The fetal scalp 
blood sampling for measurement of the fetal platelet 
count was performed with the technique and modifi- 
cations that we have described." In brief, after thera- 
peutic or spontaneous rupture of the membranes the 
fetal scalp was dried and a small nick was made in the 
scalp with the sterile razor included in the fetal blood 
gas kit. An ethylenediamine tetraacetic acid anticoag- 
ulant capillary sample was collected and the platelet 
count was determined on this sample with an auto- 


mated particle counter, with the result confirmed by 
phase microscopy. 


Results 


During the study period, 50 patients with idiopathic 
thrombocytopenic purpura were delivered of infants 
in our hospitals. These 50 women had 60 pregnancies 
and were delivered of 61 infants. 

Maternal outcome. As shown in Table I, 76.7% of 
mothers had thrombocytopenia at delivery and 41.7% 
had a platelet count <100 x 10° per liter. There was no 
serious morbidity in any of these women. Sixteen of the 
patients (26.7%) were receiving corticosteroids at the 
end of the pregnancy. No other therapy was given. Nine 
of the patients (18.0%) had a previous splenectomy. 
These women with a history of previous splenectomy 
were delivered of a total of 13 infants. In the entire 
group the cesarean section rate was 35.0% (21 of 60). 

Infant outcome. The 61.infants had cord platelet 
counts that ranged from 24 to 420 x 10° per liter. A 
total of 52 infants (85.2%) had a cord platelet count 
>150 x 10° per liter. Three (4.9%) had a cord platelet 
count between 10] and 150 x 10° per liter. Three in- 
fants (4.9%) had a cord platelet count between 51 and 
100 x 10° per liter and three (4.9%) had a cord platelet 
count <50 x 10° per liter (Table I). No infant had se- 
rious bleeding. 

For 21 infants (34.4%) the cord platelet count (day 
0) was the lowest platelet count that occurred, whereas 
in 40 (65.6%) of the neonates there was a further fall 
in the platelet count after birth. A total of 33 (54.1%) 
experienced their platelet nadir by day 1 or 2. Because 
of a further fall in platelet count after delivery, five 
infants required intravenous IgG. There was no evi- 
dence of serious morbidity in any infant. The neonatal 
platelet count had stabilized or had begun to rise in all 
infants by day 7. 

Four of the infants with cord platelet counts <150 x 
10° per liter were delivered by cesarean section and five 
were vaginally delivered. Three infants had cord plate- 
let counts <50 x 10° per liter; two were vaginally de- 
livered and the other was delivered by cesarean section 
because of obstetric reasons (primigravida breech pre- 
sentation). None of the three had bleeding. 
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Prediction of infant thrombocytopenia. There was 
no test or maneuver that could predict neonatal throm- 
bocytopeniza. There was no correlation between the ma- 
ternal platelet count and the cord platelet count at de- 
livery (Table I). The neonatal cord platelet count was 
<150 x 10° per liter in six of 26 infants (23.1%) whose 
mothers had a platelet count of <100 x 10° per liter 
(sensitivity. 66.7%; specificity, 61.5%; positive predic- 
tive value 23.1%; and negative predictive value, 91.4%). 
The risk of more severe thrombocytopenia in infants, 
defined as a cord platelet count <50 x 10° per liter was 
similar for those infants of mothers whose platelet 
count was >100 x 10° per liter, compared with those 
mothers whose platelet counts were <100 x 10° per 
liter (5.7% and 4%, respectively). 

The level of platelet-associated IgG was measured in 
46 pregnancies. Eight mothers had elevated platelet 
associated IgG, but infant cord thrombocytopenia oc- 
curred in only two infants, giving a sensitivity of 22.2%, 
a specificity of 83.8%, a positive predictive value of 25%, 
and a negative predictive value of 81.6%. 

The risk of thrombocytopenia for the infants born 
to mothers treated with corticosteroids was the same as 
the risk for the infants born to mothers not treated with 
corticosteroids, 25% (95% CI, 3.8% to 46.2%), com- 
pared with 11.1% (95% CI, 1.9% to 20.3%). 

One (7.7%) of the infants born to mothers who had 
undergone splenectomy had thrombocytopenia. 

Fetal scalp sampling was attempted in 18 patients. In 
six patients the scalp sample was successful, the fetal 
platelet count was found to be >50 x 10° per liter and 
the correct decision was made to proceed with vaginal 
delivery. In eight patients the sample was unsuccessful 
in that sufficient amounts of scalp blood for testing was 
not obtained or the sample was diluted by amniotic fluid 
and erroneously low results resulted. In these eight 
pregnancies a spontaneous vaginal delivery occurred 
before a cesarean section could be performed. All these 
infants had a platelet count >50 x 10° per liter. In four 
infants the scalp sample produced erroneously low re- 
sults that led to the wrong decision—cesarean section. 
In all these infants the cord platelet count was 
>50 x 10° per liter. 


Comment 


Idiopathic thrombocytopenic purpura is an illness of 
young women. Some of these patients will become preg- 
nant durirg an active stage of their illness. The man- 
agement of the mother is simplified because the clini- 
cian can monitor the maternal platelet count and look 
for clinical signs of hemostatic impairment. The man- 
agement of the fetus is more difficult. There is contro- 
versy within the medical community about the risk to 
the fetus and the type and necessity of intervention to 
ensure well-being. The general assumption has been 
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that infants born to mothers with idiopathic throm- 
bocytopenic purpura have a high risk of thrombocy- 
topenia. Case reports that describe the occurrence of 
intracranial hemorrhage in these infants after delivery 
have led some obstetricians to recommend delivery by 
cesarean section in the hopes of lowering infant mor- 
bidity and mortality.” ° However, the central issues are 
the frequency of serious morbidity in these infants and 
whether cesarean section could reduce the morbidity 
in an affected infant. The current study was performed 
to try to analyze predictors of neonatal thrombocyto- 
penia. 

When assessing the risk for the neonate it is impor- 
tant to relate the results of a diagnostic maneuver or 
intervention to the fetal cord platelet count. The reason 
is that the bleeding risk at the time of delivery is related 
to the fetal platelet count at that time (i.e., the fetal 
cord sample). We previously showed that in many of 
these infants the platelet count continues to fall after 
delivery. But in some reports the platelet nadir was 
used as the end point in the assessment of the throm- 
bocytopenic risk. If the thrombocytopenia is most se- 
vere several days after delivery, then an excessively pes- 
simistic estimate of the fetal risk at the time of delivery 
will result. 

For these reasons our study focused on the neonatal 
cord platelet count, the measure of greatest interest to 
obstetricians. We found that the risk of neonatal throm- 
bocytopenia, defined as a cord platelet count <150 x 
10° per liter was much lower than has previously been 
suggested and occurred in only 14.8% of our patients 
(95% CI, 5.9% to 23.7%). It should be noted that in 
many neonates the platelet count continued to fall after 
delivery and in some infants treatment with intrave- 
nous IgG was required. In our study, no infant bled, 
and only three of the 61 infants had cord platelet counts 
<50 x 10° per liter at the time of delivery. One of these 
three infants was delivered by cesarean section for ob- 
stetric reasons and the others were vaginally delivered. 
No untoward event occurred in any infant. 

The reason the outcome of our infants was better 
than that noted by other groups remains uncertain. We 
were careful to include every pregnant patient with 
idiopathic thrombocytopenic purpura who was first 
seen in our region to avoid a negative reporting bias. 
Indeed, because of the author’s interest in idiopathic 
thrombocytopenic purpura, it is possible that we would 
be referred more severe cases, making it unlikely that 
we would underestimate the true risk. Similarly, we 
were careful to exclude any patients with the benign 
condition, incidental thrombocytopenia of pregnancy.’ 
Only those patients with true idiopathic thrombocyto- 
penic purpura and a previous history of active disease 
were included in the study. It is also unlikely that the 
relative mildness of the neonatal thrombocytopenia 
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that we observed was a result of maternal treatment 
with corticosteroids. Only 26.7% of our mothers were 
treated with corticosteroids and there was no difference 
in the proportion of the infants with thrombocytopenia 
in this group compared with the nontreated group. 

The low frequency of thrombocytopenia in our in- 
fants and its lack of morbidity explains why none of 
our predelivery diagnostic or therapeutic maneuvers 
were shown to be useful. We did not find a correlation 
between the maternal platelet count and severity of 
infant thrombocytopenia. Neither was a history of pre- 
vious maternal splenectomy more likley to be associated 
with infant thrombocytopenia. Corticosteroid admin- 
istration did not have an obvious beneficial affect on 
the infants in our series, but we cannot make conclu- 
sions concerning the usefulness of corticosteroid ther- 
apy because this was not a randomized study and it is 
possible that the mothers with more severe disease 
would be more likely to receive corticosteroids. Finally, 
given the low frequency of thrombocytopenia overall, 
it would be methodologically difficult to demonstrate 
efficacy of corticosteroid therapy in any study. Previ- 
ously, our group reported that elevated platelet asso- 
ciated IgG test results in the mother were predictive of 
neonatal thrombocytopenia, and normal platelet as- 
sociated IgG levels were associated with a low possibility 
of neonatal thrombocytopenia. In the current study, 
' the negative predictive value of elevated platelet asso- 
ciated IgG remains high, but the positive predictive 
value has fallen concurrent with the low prevalence of 
neonatal thrombocytopenia. 

At our center we no longer perform fetal scalp plate- 
let sampling. In our hands the test frequently fails be- 
cause of technical reasons and generates a falsely low 
platelet estimate, which can lead to an inappropriate 
intervention such as cesarean section. Other physicians 
also have experienced problems with fetal scalp sam- 
_ pling.’ * Although we did not perform cordocentesis, 
we believe it is difficult to justify this procedure for two 
reasons. First, it has a low, but real morbidity for mother 
and fetus'* and second, as demonstrated, the likelihood 
of benefit being achieved is also low because the risk to 
the infant is low. 

Our article should not be interpreted to indicate that 
idiopathic thrombocytopenic purpura in pregnancy 
does not carry any risk for neonates. However, we have 
found that the perinatal risk and the severity of the 
thrombocytopenia at the time of delivery is far lower 
than had previously been thought. Nonetheless, be- 
cause many of these infants will have a progressive fall 
in platelet count after delivery they should be moni- 
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tored and appropriate intervention, such as intrave- 
nous IgG or corticosteroid therapy, instituted if re- 
quired. 

What our study does indicate is that it is uncommon 
for infants to be severely affected by the maternal illness 
at the time of delivery. The uncommonness of a poor 
neonatal outcome indicates that intervention associated 
with maternal or fetal morbidity including cordocen- 
tesis, fetal scalp sampling, and delivery by cesarean sec- 
tion cannot be justified for every pregnant patient with 
idiopathic thrombocytopenic purpura. 
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B uilding and maintaining leadership in obstetrical instrumentation is a part of the 
Corometrics' tradition. And Corometrics continues to focus on patient care while 
answering the needs of clinicians. The Corometrics' Model 116 Intrapartum Fetal 
Monitor is another example of this tradition. 


his advanced monitor retains all the highly successful features of the Model 115, 
such as autocorrelation signal processing and electronic data entry. In addition, 
the system offers a number of new, significant monitoring capabilities. 
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Dual Ultrasound Adds to Your 
Monitoring Capabilities 

The Model 116 provides dual ultrasonic heart 
rate monitoring, as a standard feature, for the 
simultaneous, external monitoring of twins. 
This mode is particularly useful for monitoring 
twins in the early stages of labor or when 
performing antepartum testing. Internal/ 
external monitoring is also provided. 





Interface With Blood Pressure Monitors 
For Automatic Documentation 

The Model 116 accepts and automatically 
documents data from most widely used non- 
invasive blood pressure monitors, including 
the new Corometrics' Model 555. The measured 
systolic, diastolic and mean blood pressure 
values as well as the pulse rate are clearly 
recorded on the center margin of the strip 
chart. The Model 116 also records the time of 
the reading. 





Beltless Tocotransducer Ensures More 
Complete Information 

Corometrics' unique new beltless tocotransducer 
eliminates the instability and inconvenience 
associated with belted systems. A disposable 
adhesive baseplate holds the transducer 
securely in place, and the system provides 
reliable, useful readings even during patient 
position changes, sitting or walking. Patients 
enjoy freedom from the constrictive belt. Nurses 
appreciate how little attention is required to 
obtain a clear, continuous reading. 





Data Storage and Telecommunication 
Improve Access to Information 
Corometrics' Model 116 stores over an hour of 
heart rate and uterine activity data which can 
be transmitted via telephone lines for review or 
referrals. The clinician can monitor this patient 
data, using Corometrics' SPECTRA-TEL® 
software package, in the office or at another 
remote location. 
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Levonorgestrel and ethinyl estradiol tablets — Triphasic regimen 
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Serieus as well as minor side effects have been reported with the use of oral contraceptives. 
The physician should remain alert to the earliest symptoms of serious disease and discontinue oral contraceptive 
therapy when appropriate. Please see full prescribing information, a brief summary of which follows. 
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Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk increases with age and 

with heavy (15 or more ci per day) and is quite marked in women over 35 years of age. Women who use oral 
should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 

stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 

traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49—140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not 
possible, however, to examine the interrelationships of age, smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of 
these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug should 
be discontinued immediately. A four-to-six-told increased risk of postsurgery thromboembolic complications has been reported in OC 
users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased risk of 
thromboembolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors tor 
adenocarcinoma of the endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
women who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
cancer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. In summary, there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones— both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethyistilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of | in 1.000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart detects and limb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. If t 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missi 
period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should | 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no preci 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrog: 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, j 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Tı 
Levlen Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lip 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of the: 
findings remains to be defined. 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertensic 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in use| 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposur 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated wit 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely | 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to norm; 
after discontinuing the drug. 
9. Headache. The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent | 
Severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. | 
breakthrough bleeding. as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. | 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule ot 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing! 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessar 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea | 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation | 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive method 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities 
11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity an 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mother 
receiving these drugs. The effects. if any, on the breast-fed child have not been determined. If feasible, the use of OCs should b 
deferred until the infant has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatmen 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than | yea 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed ani 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs shouli 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patient: 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac o 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice whili 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steron 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in sucl 
patients. 7. OC users may have disturbances in normal tryptophan metabolism whic! 
may result in a relative pyridoxine deficiency. The clinical significance of this is yet to bi 


®) determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnan 

y woman ıs predisposed to the development of folate deficiency and the incidence of folati 
deficiency increases with increasing gestation. it is possible that if a woman become. 

pregnant shortly after stopping OCs, she may have a greater chance of developing folati 


Levonorgestrel and ethinyl estradiol tablets — 
Triphasic regimen 


deficiency and complications attributed to this deficiency. 9. The pathologist should bi 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine 
and liver-function tests and blood components may be affected by estrogen-containin; 
OCs: a. Increased sulfobromophthalein retention. b. Increased prothrombin and factor: 
Vil, Vill, IX and X; decreased antithrombin 3; increased norepinephrine-induced platele' 
aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or 14 by radioimmunoassay. Free T3 resin uptake 
ıs decreased, reflecting the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test 

Information for the Patient—See Patient Package Labeling 

Drug Interactions —Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 

Pregnancy— Pregnancy Category X. See “Contraindications” and “Warnings.” 

Nursing Mothers—See “Warnings.” 

Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed. mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis 

The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related. Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow: dysmenorrhea, amenorrhea during and after 
treatment; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion: possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic): mental depression: 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted.: 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 

Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

Dosage and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 

For full details on dosage and administration see prescribing information in package insert. 60611-1 5/86 


Reference: 1. Data on file, Berlex Laboratories, Inc. 
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Laparoscopic ventrosuspensions 


A review of 72 cases 


Ann F. E. Yoong, MB, ChB _ 
Merseyside, England 


Laparoscopic ventrosuspension is simple to perform after diagnostic laparoscopy. Serious postoperative 
complication is unlikely. However, patient follow-up over 6 months has not confirmed the usefulness of 
laparoscopic ventrosuspension in the management of deep dyspareunia or pelvic pain in association with 
a retroverted uterus. The success rate of laparoscopic ventrosuspension at 6 months varies from 18.6% to 
46.5%. The prior use of a Hodge pessary does not predict the success of laparoscopic ventrosuspension. 


(Am J Opster GYNECOL 1990;163:1151-3.) 


Key words: Laparoscopic ventrosuspension, retroverted uterus, deep dyspareunia, chronic 


pelvic pain, Hodge pessary 


Laparoscopic ventrosuspension has been suggested 
as very effective in the relief of deep dyspareunia as- 
sociated with retroversion of the uterus.' This study 
analyzes the incidence and outcome of laparoscopic 
ventrosuspensions performed at a district general hos- 
pital in the United Kingdom over a period of 5 years. 


Patients and methods 


The case reports of all patients who had laparoscopic 
ventrosuspension at Arrowe Park Hospital, Wirral, 
during the period from April 1982 to October 1987 
were studied. The indication for the laparoscopic ven- 
trosuspension, the previous use of a Hodge pessary, the 
presence of pelvic pathologic conditions, and any post- 
operative complications were noted. 

The “success” of the laparoscopic ventrosuspen- 
sion was determined by symptomatic improvement at 
follow-up visit 6 weeks later and at 6-month review. 
The review period was extended to 2 years so that 
further management could be observed. 


Surgical technique 


All laparoscopic ventrosuspensions were performed: 


in the manner described by Steptoe and Frangenhein.' 
A laparoscope was inserted after the creation of a car- 
bon dioxide pneumoperitoneum. The pelvis was in- 
spected carefully and any abnormalities were noted. 
Skin crease incision approximately 3 cm long were 
made above and parallel to each inguinal ligament. A 
Spencer Wells forceps was then pushed into the ab- 
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domen under laparoscopic visualization and used to 
grasp the round ligament at its midpoint. Each round 
ligament was brought out of the abdominal cavity in 
turn. The tension on each round ligament was adjusted 
to obtain the correct degree of uterine anteversion and 
each round ligament then was plicated to the anterior 
rectus sheath with Dexon or nylon sutures. 


Results 


There were 72 laparoscopic ventrosuspensions per- 
formed in the 5 years under review. The average age 
of patients was 31.8 years; the majority was multiparous 
(Table I). l 

The indications for laparoscopic ventrosuspensions 
are shown in Table II. The primary indication for lap- 
aroscopic ventrosuspension was deep dyspareunia with 
chronic pelvic pain. In 43 patients (59.7%) no pelvic 
pathologic condition was identified at laparoscopy. 
Other pelfic pathologic conditions found at laparoscopy 
are listed in Table III. 

At the 6-week follow-up 22 of the 43 patients (51.2%) 
in whom no pelvic condition was found stated that they 
felt better, 16 women (37.2%) did not feel better, and 
five women (27.9%) were lost to follow-up. Six months 
after laparoscopic ventrosuspension eight women 
(18.6%) reported that they felt better, 23 of the 43 
(53.5%) felt they were no better, and 12 women (27.9%) 
failed to return (Table IV). 

In 17 patients a Hodge pessary had been used to 
antevert the uterus before operation. These patients 
were listed for laparoscopic ventrosuspension only if 
the Hodge pessary had improved their symptoms. 
Table V shows that six of the 17 patients (35.3%) had 
improvement in their condition by laparoscopic ven- 
trosuspension at the 6-week visit and seven of the 17 
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Table I. Age and parity of 72 patients 


Age (yr) 31.8 24-49 
Parity 1.7 0-4 





Table II. Indication for 
laparoscopic ventrosuspension 


Indication 


Deep dyspareunia and chronic pelvic 4] 56.9 


pain | 
Deep dyspareunia 19 26.4 
Chronic pelvic pain a2 16.7 





Table III. Laparoscopic ventrosuspension 


Pathologic findings No. 
No abnormality 43 
Ovarian cyst 3 
Pelvic adhesions 13 
Endometriosis 10 
Fibroids 10 
Hydrosalpinx l 


patients (41.2%) were no better. At 6-months no patient 
felt better, seven patients (41.2%) did not feel better, 
and 10 patients (58.8%) were lost to follow-up. 

Two years after laparoscopic ventrosuspension, 25 
of the 43 patients (58.1%) were lost to follow-up. 
Twelve of the 43 (27.9%) had had a hysterectomy per- 
formed. Six patients (14.0%) who had had no further 
surgical therapy were still under review (Table VI). 

Of the 72 patients who underwent laparoscopic ven- 
trosuspension, 64 patients were seen 6 weeks after op- 
eration and eight patients did not return for follow-up. 
Table VII shows that there were no postoperative com- 
plications in 39 of the 64 patients (60.9%), whereas 19 
women (29.7%) experienced persistent groin pain after 
operation and six women had wound infection (9.4%). 


Comment 


This is the first study that reviews laparoscopic ven- 
trosuspension in gynecologic practice. 

Laparoscopic ventrosuspension combines diagnostic 
laparoscopy with a simple form of therapy. In the study 
by Chamberlain and Brown’ laparoscopic ventrosus- 
pensions were performed in 0.8% of all laparscopies, 
primarily at the time of diagnostic laparoscopy. Candy* 
reported on the succes of a laparoscopic ventrosuspen- 
sion performed for deep dyspareunia as a result of 
uterine retroversion. A Hodge pessary had eliminated 
the patient’s dyspareunia previously. At her postop- 
erative visit the patient suffered no dyspareunia. 
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. Table IV. Follow-up of 43 patients in whom 


no pelvic pathologic condition was found 





Improved 22 51.2 8 18.6 
No better 16 37.2 23 53.5 
Lost to follow-up 5 11.6 12 219 





Table V. Follow-up of 17 patients after a trial 
of Hodge pessary 





Improved 6 35.3 0 0 
No better 7 41.2 7 41.2 
Lost to follow-up 4 23.5 10 58.8 


Table VI. Results of laparoscopic 
ventrosuspension in the 43 patients with no 
obvious pelvic pathologic conditions at 2 years 
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Lost to follow-up 25 58.1 
Hysterectomy 12 27.9 
Follow-up with no further operation 6 14.0 


Table VII. Postoperative complications 
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Complications 
No complication 39 60.9 
Groin pains 19 29:7 
Wound infection 6 9.4 


In this study laparoscopic ventrosuspensions were 
performed for chronic pelvic pain as well as deep dys- 
pareunia. These symptoms may form part of the “pelvic 
pain syndrome”* 5 and the “chronic pelvic pain without 
obvious pathology.”® ’ , 

In this study there were 59.7% cases in which no 
pelvic pathologic condition was found at laparoscopy. 
Gillebrand® reported that 63% of his patients with pel- 
vic pain had no obvious condition at laparoscopy. 
Kresch et al? identified 83% patients with no pelvic 
pathologic conditions when the pelvic pain had been 
in the same location for 6 or more months. 

The initial improvement after laparoscopic ventro- 
suspension was unremarkable. Twenty-two of the 43 
women (51.5%) with no obvious cause for their deep 
dyspareunia or pelvic pain felt better 6 weeks after the 
operation, whereas 16 of the 43 (37.2%) did not. 

At 6 months there was a high loss to follow-up and 


Volume 163 
Number 4, Part 1 


12 patients (27.9%) failed to return. It could be argued . 


that those who failed to return were satisfied with their 
treatment; if this is assumed, 20 of the 43 patients 
(46.5%) were satisfied 6 months after laparoscopic ven- 
trosuspension. Conversely, it may be argued that those 
who failed to returned were dissatisfied; then only eight 
patients (18.6%) of this group had improvement as a 
result of the procedure. Thus it can be seen that the 
success rate 6 months after laparoscopic ventrosuspen- 
sion varies from 18.6% to 46.5%. The decline in pa- 
tients symptomatic improvement with time confirms 
Renaer’s suggestion®’ that such patients should be fol- 
lowed up over a period of | to 2 years. 

It is often stated that the success of laparoscopic ven- 
trosuspension can be predicted from a previous trial of 
Hodge pessary. None of the 17 patients who had had 
a previously successful trial of Hodge pessary felt better 
at the 6-month review. However, many did not return 
for follow-up. If it is assumed that all 10 patients lost 
to follow-up at 6 months were satished by their treat- 
ment, then there were 10 successes among 17 patients 
(58.8%). If the converse is assumed, all 10 women lost 
to follow-up were unhappy with their treatment and 
no successes could be attributed to laparoscopic ven- 
trosuspension. It is clear from this study that prior im- 
provement with a Hodge pessary is not necessarily a 
good indicetor of success of laparoscopic ventrosus- 
pension. 

It is interesting to note that 27.9% of these 43 patients 
with no obvious pelvic pathologic condition had a hys- 
terectomy within 2 vears of the laparoscopic ventro- 
suspension. 

No serious postoperative complications occurred af- 
ter laparoscopic ventrosuspension in this study. Per- 
sisting groin pain following laparoscopic ventrosuspen- 
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sion has been explained as a result of overtightening 
of the round ligaments in the course of anteversion." 
This occurred in 29.7% of patients in this study. Uri- 
nary retention as reported by Lose and Lindholm" was 
not noted. i 


I thank the consultant staff at Arrowe Park Hospital 
for their permission to review their patients’ notes. 
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Pregnancy-induced hypertension and acute fatty liver of 
pregnancy: Atypical presentations 


Mark A. Brown, MD, George Passaris, MB, BS, and Mark A. Carlton, MB, BS 


Sydney, Australa 


Severe pregnancy-induced hypertension and markedly elevated levels of serum alkaline phosphatase 
developed in a 29-year-old-woman in whom one pregnancy resulted in intrauterine death, Acute fatty liver 
of pregnancy developed with good fetal outcome in the next pregnancy. This case suggests that 
pregnancy-induced hypertension and acute fatty liver of pregnancy are part of a clinical spectrum. 
Moreover, classic abnormalities of liver function tests need not be present in acute fatty liver of pregnancy. 


(Am J OpsteT Gynecol 1990;163:1154-6.) 


Key words: Pregnancy-induced hypertension, acute fatty liver of pregnancy, alkaline 


phosphatase 


Acute fatty liver of pregnancy and pregnancy- 
induced hypertension (preeclampsia) may comprise the 
clinical ends of a single disorder. In a recent review of 
nine patients with acute fatty liver of pregnancy con- 
comitant preeclampsia was found in all cases' and a 
study of liver morphology found hepatocyte fat de- 
posits of varying degrees both in women with pre- 
eclampsia and in those with acute fatty liver of preg- 
nancy. 

We describe a patient who exhibited the continuum 
of this spectrum across two consecutive pregnancies 
and whose clinical diagnosis was made difficult by the 
single and progressive elevation of hepatic alkaline 
phosphatase levels without changes in other liver en- 
zymes. : 


Case report 


Hypertension (blood pressure 156/90) without pro- 
teinuria at 29 weeks’ gestation developed in the third 
pregnancy of a 29-year-old woman who had had two 
previous miscarriages. Fundal height was consistent 
with only 24 weeks’ gestation, and the patient had de- 
creasing fetal movements. Uterine ultrasonographic 
examination confirmed intrauterine death of a fetus of 
approximately 2] weeks’ gestation. Initial investigations 
showed the following values: hemoglobin, 12 gm/d] 
with some red blood cell fragments and tear drop pol- 
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kilocytes; platelet count, 237,000; serum creatinine, 
0.07 mmol/L; uric acid, 0.40 mmol/L; bilirubin, 
3 pmol/L; alkaline phosphatase, 1040 U/L (normal < 
120 U/L); aspartate transaminase, 28 U/L; y-glutamyl 
transferase, 19 U/L; serum albumin, 38 gm/L. Alkaline 
phosphatase was not fractionated and was thought at 
that time to represent placental infarction. 

The patient was delivered vaginally of a female 
weighing 800 gm. Placental pathology was normal with 
no evidence of placental infarction or retroplacental 
hemorrhage. 

Further investigations demonstrated a normal acti- 
vated partial thromboplastin time and serum was 
weakly positive for antinuclear antibodies (1: 160) and 
was negative for anticardiolipin antibodies. Blood 
pressure rapidly returned to normal and the patient 
was reviewed 2 months later when repeat antinuclear 
antibodies, anticardiolipin antibodies, and double- 
stranded binding deoxyribonucleic acid (DNA) were 
negative. Serum complements, immune complexes, 
and intravenous pyelogram were normal and creatinine 
clearance was 98 ml/min with no proteinuria. Urinal- 
ysis and urine microscopy were normal. Liver function 
test results had returned to normal with the alkaline 
phosphatase level at 62 U/L. 

The patient returned 6 months later, 10 weeks into 
her fourth pregnancy with the same partner. In view 
of her history of three unsuccessful pregnancies she 
was commenced ori aspirin 100 mg daily from 14 
weeks’ gestation and the limited data available on this 
therapy were explained to her. Blood pressure was 
116/68; both urinalysis and physical examination were 
normal. Antinuclear antibodies, double-stranded bind- 
ing DNA, and anticardiolipin antibodies were negative. 
Liver function and renal function were normal. 

The patient’s blood pressure remained completely 
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Table I. Biochemistry and hematology during and after pregnancy 





Gestation 


BIL ALP AST GGT 
(pmol/L) (UIL) (UIL) (UL) 
5 





890 16 6 

8 1070 16 4 

4 1120 10 2 

34 7 1425 5 6 

35 9 2210 9 5 

Post partum 16 72 34 8 

(2 months) 

Normal range 3-20 30-200 8-40 10-100 


(third trimester) 


BIL, Bilirubin; ALP, alkaline phosphatase; AST, aspartate 
Hb, hemoglobin: UAC, uric acid. 


normal throughout pregnancy and at 30 weeks’ ges- 
tation liver function tests were repeated in view of her 
past history. Her alkaline phosphatase level had risen 


without concomitant changes in bilirubin or other liver 


enzymes (Table I). Teardrop poikilocytes and macro- 
cytosis were present on blood film with normal levels 
of serum B, and folate. Uterine ultrasonographic ex- 
amination confirmed adequate fetal growth and 
showed normal umbilical artery blood flow studies. 

Over the ensuing 4 weeks plasma alkaline phospha- 
tase levels rose steadily (Table I), despite cessation 
of aspirin. Antimitochondrial, antinuclear, and anti- 
smooth muscle antibodies were not detected, bile acid 
levels were normal and abdominal ultrasonographic ex- 
amination showed normal liver architecture with no 
other abnormalities. Hepatitis B serum was negative 
for surface antigen and antibody, and cytomegalovirus 
antibodies werz not detected. Electrophoresis and heat 
testing demorstrated the elevated level of alkaline 
phosphatase tc consist almost totally of the hepatic iso- 
enzyme. 

An elective cesarean section was performed at 35 
weeks’ gestation and a healthy female weighing 2425 
gm was delivered. The placenta and cord were nor- 
mal histopathologically. Liver biopsy specimen ob- 
tained at cesarean section showed microvesicular fat 
(hematoxylin-eosin stain) in hepatocytes with some 
periportal sparing—-features of acute fatty liver of 
pregnancy. 

Two months postpartum the patient was completely 
well and liver function had returned to normal. 


Comment 


Whereas it has recently been suggested that 


pregnancy-induced hypertension and acute fatty liver 
of pregnancy may form a continuum of one disorder,” 
this is the first patient reported to our knowledge who 
demonstrates these two conditions in consecutive preg- 
nancies. More important, the condition would not have 


32-34 11-13 











Platelets 
(per 





UAC 
( mmol/L) 


Creatinine 
(mmol/L) 










217 0.06 0.25 
180 0.05 0.29 
186 0.05 0.26 
198 0.07 0.30 
211 0.07 0.30 
217 0.08 0.31 
150-400 0.04-0.08 0.20-0.35 


transaminase; GGT, y-glutamyl transferase; ALB, serum albumin; 


been detected in her final pregnancy unless biochemical 


tests were performed, demonstrating an isolated rise 
in the level of alkaline phosphatase. 

This patient’s first pregnancy, complicated by hy- 
pertension, hyperuricemia, and abnormal liver func- 
tion and resulting in intrauterine death, was consistent 
with a clinical diagnosis of severe pregnancy-induced 
hypertension. Although her next pregnancy pro- 
gressed well clinically, the reemergence of elevated 
levels of alkaline phosphatase at 30 weeks’ gestation was 
a worrying feature and was first presumed to reflect 
placental dysfunction. However, isoenzyme determi- 
nation confirmed the alkaline phosphatase to be of he- 
patic origin despite no other abnormalities of liver func- 
tion. The lack of hypertension, the normal platelet 
count, normal plasma urate, and lack of proteinuria 
meant that the increased alkaline phosphatase level was 


not a result of the development of pregnancy-induced 


hypertension in this pregnancy. To be sure that aspirin 
was not causing the elevated level of hepatic alkaline 
phosphatase, this medication was discontinued at 32 
weeks’ gestation but the alkaline phosphatase level con- 
tinued to rise. Aspirin has been associated with the 
development of Reye’s syndrome, with fatty vacuoliza- 
tion of the liver, but this disorder is generally confined 
to children vounger than 15 years of age. 

Inasmuch as elevation of alkaline phosphatase level 
was the only biochemical abnormality and levels of all 
other liver enzymes remained normal, the diagnosis of 
acute fatty liver of pregnancy was not made until the 
liver biopsy specimen was obtained at the time of ce- 
sarean section. Because the alkaline phosphatase level 
had been elevated in the previous pregnancy, it is pos- 
sible that acute fatty liver co-existed with pregnancy- 
induced hypertension in that pregnancy, although the 
alkaline phasphatase level was not fractionated, a liver 
biopsy specimen was not obtained, and acute fatty liver 
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of pregnancy is said not to recur.' Therefore there was 
no clear-cut evidence of acute fatty liver of pregnancy 
in that pregnancy but there ‘were some features that 
suggested that diagnosis in retrospect. 

This case provides clinical support for the recent his- 
tologic proposal that pregnancy-induced hypertension 
and acute fatty liver of pregnancy form a continuum of 
one disorder.’ More important, it demonstrates that el- 
evations of serum bilirubin and aspartate transaminase 
levels need not occur for this condition to be present 
and the clinician should now be alert to the diagnosis of 
acute fatty liver of pregnancy even if the alkaline 
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phosphatase level is the sole abnormality of liver 
function. 


We wish to thank Dr. T. Cook, histopathologist, for 
his assistance with liver biopsy interpretation and Mrs. 
B. Smith for her assistance. 
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Vibroacoustic stimulation and fetal behavioral State in normal 


term human pregnancy 


Lawrence D. Devoe, MD, Cheri Murray, RN, David Faircloth, BS, and Edgard Ramos, MD 


Augusta, Georgia 


Vibroacoustic stimulation may affect human fetal behavior. Continuous graphic records of simultaneous 
ultrasonographic observations of fetal activities and electronic fetal heart rate tracings of 30 normal term 
fetuses were examined visually for the occurrence of behavioral state 30 minutes before and after 3 
seconds of vibroacoustic stimulation. After vibroacoustic stimulation, the total time spent in state 1 
decreased significantly, that spent in state 4 increased significantly, and times spent in state 2 and 
indeterminate state (no state established for at least 3 minutes) were unchanged. No fetus exhibited state 
3 before or after vibroacoustic stimulation. State 4 occurred in 22 fetuses after vibroacoustic stimulation 
with a duration of at least 30 minutes in four fetuses, and was noted in all fetuses in pre—vibroacoustic 
stimulation state 1 and 11 of 16 fetuses in pre—vibroacoustic stimulation state 2. Fetal heart rate 
accelerations occurred within 10 seconds after vibroacoustic stimulation in 94% of the fetuses studied 
regardless of their prior behavioral state. The variation in the onset and duration of behavioral state 
responses in most fetuses after vibroacoustic stimulation may depend on previous behavioral state and 
could be important for interpretation of antenatal assessment that uses this stimulus. (AM J OBSTET 


Gynecol 1990;163:1156-61.) — 


Key words: Vibroacoustic stimulation, fetal behavioral state, fetal heart rate, fetal movement 


Vibroacoustic stimulation of the human fetus by 
means of an artificial electronic. larynx has been ad- 
vocated as an adjunct to antepartum fetal assessment.’ 
Vibroacoustic stimulation has been used primarily to 
elicit fetal heart rate (FHR) accelerations and to reduce 
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the time required for antepartum testing; it has been 
shown to have predictive values comparable to those of 
standard nonstress testing.” Although the mechanisms 
résponsible for the FHR responses that follow vibroa- 
coustic stimulation are uncertain, studies of individual 
fetal biophysical activities have shown that it is primarily 
associated with increased baseline FHR and frequency 
of FHR accelerations.” * However, changes in other bio- 
physical variables, such as fetal breathing movements 
and body movements, have been observed, suggesting 
that vibroacoustic stimulation may alter the organiza- 
tion of fetal behavioral state.*° This hypothesis has zlso 
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been supported by Lecanuet et al.” who applied sound 
stimuli of varying frequency, intensity, and repetition. 

We undertook this study to evaluate the possible in- 
fluence that v-broacoustic stimulation may exert on 
subsequent fetal behavior. We wished to determine 
whether normal term human fetuses capable of orga- 
nized behavioral states would exhibit significant, pre- 
dictable state changes after exposure to a standard vi- 
broacoustic stimulus. We also sought to determine if a 
relationship existed between behavioral states that pre- 
ceded and followed vibroacoustic stimulation. 


Material and methods 


Patient population. Thirty patients were recruited 
for this study from the general obstetric population at 
the Medical Ccllege of Georgia. All signed an informed 
consent and entered a study protocol approved by the 
Human Assurance Committee. Inclusion criteria for 
this investigation were as follows: (1) gestational age 
=37 and $42 completed weeks, (2) no evident maternal 
medical or obstetric complications, (3) singleton vertex 
presentation, without apparent anomalies and appro- 
priate in size for gestational age, (4) intact amniotic 
membranes and adequate amniotic fluid volume as as- 
sessed by ultrasonographic visualization, and (5) no ex- 
posure to maternal drugs or medications other than 
prenatal vitamins. 

Study protocol. All studies were conducted similarly 
between 8:30 am and 11 PM ina quiet, darkened room. 
Each patient was observed approximately 2 hours after 
a 400 kcal breakfast, at complete rest for at least 1 hour 
beforehand, and positioned in a semi-Fowler position 
with a lateral sip displacement. 

The study apparatus consisted of a standard linear 
array real time scanner, operating at 3.5 MHz (ADR 
model 4000/L, ATL Corporation, Tempe, Ariz.), an 
electronic FHR monitor, operating in the Doppler 
mode (Hewle:t Packard model 8040A, Hewlett Pack- 
ard Company, Andover, Mass.), an observer-operated 
event marker, and a specially programmed microcom- 
puter (IBM XT, 640K RAM, IBM Corp., Boca Raton, 
Fla.) into which the event marker and FHR monitor 
were hard-wired. The software for acquiring and re- 
constructing the graphic display of fetal activities was 
developed in :he Department of Biomedical Engineer- 
ing at the Medical College of Georgia and has been 
previously described.’ The artificial electronic larynx 
was a Corometrics vibroacoustic stimulator (Corome- 
trics Corp., Wallingford, Conn.); its physical properties 
have been previously described* and it was adjusted to 
deliver a constant 3-second pulse. The operation of this 
device in free air, more than one meter removed from 
the maternal abdomen, was demonstrated for each pa- 
tient in the hour before actual study. 

Each observation session was conducted in the fol- 
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lowing manner. After the patient was admitted to the 
study room, no further eating or drinking was allowed. 
No smoking was permitted and no medications were 
administered, A 30-minute control period started dur- 
ing which simultaneous recording of FHR and entry 
of fetal body and breathing movements were per- 
formed. During periods when there were no observed 
fetal breathing or body movements, the scanning ele- 
ment was directed to the fetal head to verify the pres- 
ence or absence of rapid eye movements. After 30 min- 
utes of observation a 3-second vibroacoustic signal was 
delivered with the artificial larynx placed on the ma- 
ternal abdomen, overlying the location of the fetal 
head. Immediately afterward a second 30-minute ob- 
servation period was conducted and the same bio- 
physical data were collected according to the same study 
techniques. 

After the conclusion of each study the concurrent 
FHR and other biophysical data were recalled as a con- 
tinuous graphic record and subjected to visual analysis 
by an independent observer. The 30-minute sequences 
were randomly varied for each patient so that the point 
at which vibroacoustic stimulation was performed was 
not known. The assignment of behavioral state fol- 
lowed a scheme, modeled after the criteria of Nijhuis 
et al.° as listed in Table I. State 1 corresponds to the 
“quiet sleep” state observed in the newborn; little body 
movement cccurs, breathing patterns are regular, and 
the heart rate baseline shows little variability. State 2 is 
analogous to the rapid-eye-movement sleep state of the 
newborn; more body activity occurs, heart rate vari- 
ability increases, and the breathing pattern becomes 
more irregular. State 3 may share features with the 
“quiet” wakeful state of the newborn; it is generally 
brief, rapid eye movements are present, but body move- 
ments are less frequent. State 4 is analogous to active 
wakefulness in the newborn; continuous body move- 
ments are present, breathing patterns are irregular, 
and the heart rate baseline shows marked variability 
with large amplitude oscillations. The assignment of 
behavioral state required that the defined state vari- 
ables appeared together and persisted for a minimum 
of 3 minutes. When state criteria were not met for this 
length of time or were not determinable because of 
signal loss or failure of appropriate fetal visualization, 
the state was considered “indeterminate.” State tran- 
sitions were those epochs in which a fetus changed from 
one established state to another established state as 
characterized by the concurrent alteration of all ob- 
served state variables. | 

Grouped mean times spent in state and mean num- 
bers of state transitions were calculated for the 30- 
minute periods before and after vibroacoustic stimu- 
lation. Only fetuses that established states during either 
30-minute period were considered for final statistical 
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Table I. Criteria for fetal behavioral state* 
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Eye 
State Fetal heart rate pattern Body movements Breathing movements movements 


l Stable baseline; reduced Brief or absent Infrequent, regular Absent 
variability; rare acceler- 
ations 

2 Stable baseline; increased Episodic, gross trunkal Frequent, irregular Present 
variability; accelerations flexion-extension 
episodic with movement 

3 Wider oscillations than Absent Infrequent, or Present 
state 1; no accelerations absent 

4 Unstable, very wide oscil- Continuous, gross Present, irregular Present 


lations; frequent epi- 
sodes of tachycardia; 
large accelerations 


*Adapted from Nijhuis et al.’ 


comparisons. Grouped mean parameters were com- 
pared with ż¿ tests with a p value < 0.05 considered sig- 
nificant. The outcome of each pregnancy was also ex- 
amined for birth weight, gestational age at delivery, 
Apgar scores, umbilical arterial blood gas determina- 
tions, and the presence of neonatal complications. 


Results 


Study group. Twenty-eight of the 30 fetuses studied 
under this protocol had established behavioral states 
during the 30-minute control period or the poststim- 
ulation period and formed the basis for the statistical 
analysis presented in the remainder of this section. 
Mean (+SD) gestational age was 38.3 + 1.2 weeks at 
study and 39.3 + 1.2 weeks at delivery. Mean birth 
weight was 3430 + 610 (SD) gm. No infant was below 
the 10th percentile in birth weight for gestational age, 
had 5-minute Apgar scores <7, had abnormal umbilical 
cord arterial blood gas values, or experienced any in- 
trapartum or neonatal complications. 

Behavioral state data. The mean duration of behav- 
ioral states of all fetuses immediately before and after 
vibroacoustic stimulation are shown in Fig. 1. No fe- 
tuses were observed in state 3 before or after vibro- 
acoustic stimulation. After vibroacoustic stimulation 
the mean (+SD) time spent in state 1 decreased sig- 
nificantly from 9.7 + 8.6 to 1.7-+ 3.5 minutes (p = 
0.00004); the mean (+ SD) time spent in state 2 did not 
change significantly (11.5 + 10.1 vs 11.1 + 8.4 min- 
utes; p = 0.86); the mean (+SD) time spent in state 4 
increased significantly (3.0 + 5.4 to 11.4 + 9.0 min- 
utes; p = 0.00001). The mean (+SD) time spent in the 
indeterminate state did not change significantly (5.2 + 
5.8 vs 5.5 + 4.8 minutes; p = 0.82). The mean (+SD) 
cumulative duration of time spent in any state estab- 
lished before vibroacoustic stimulation was 13.4 + 9.7 
minutes; the mean (+SD) persistence of all prestimu- 


trunkal 


lation states after vibroacoustic stimulation was 5.8 + 
6.4 minutes. 

Twenty-two of the 28 fetuses had established behav- 
ioral states immediately before stimulation. Table II 
indicates the respective states maintained by fetuses 
within and after 5 minutes of vibroacoustic stimulation. 


- During the 30 minutes after vibroacoustic stimulation, 


state changed in 16 of these 22 fetuses, while five of 
six fetuses previously in the indeterminate state estab- 
lished an identifiable state. Table II also shows features 
of behavioral state 4 after vibroacoustic stimulation: 
State 4 was eventually achieved by all four fetuses in 
state 1, 11 of the 16 fetuses in state 2, and five of the 
six fetuses in the indeterminate state. Both fetuses in 
state 4 before vibroacoustic stimulation remained in 
state 4. State 4 was achieved within 5 minutes by all 
fetuses previously in state 1, by seven of 11 fetuses 
previously in state 2, and by three of the five fe- 
tuses previously in the indeterminate state. The du- 
ration of post—vibroacoustic stimulation state 4 varied 
from 4 to 30 minutes for fetuses previously in states 1 
and 2 and from 5 to 19 minutes for those previously 
in indeterminate states. However, mean durations of 
post—vibroacoustic stimulation state 4 were similar 


among fetuses previously in states 1 or 2. State 4 


persisted in four fetuses for virtually the entire post— 
vibroacoustic stimulation period and was still present 
at the end of the 30-minute observation period for the 
three fetuses not in state 4 before vibroacoustic stim- 
ulation. State 4 was never achieved by five fetuses in 
pre—vibroacoustic stimulation state 2 and one fetus 
with pre—vibroacoustic stimulation indeterminate state. 

The mean (+SD) numbers of state transitions before 
vibroacoustic stimulation (1.2 + 0.94) and after vi- 
broacoustic stimulation (1.5 + 0.94) were not signifi- 
cantly different (p = 0.25). A maximum of three state 
transitions was observed either before or after vibroa- 
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3 a INDETERM 


FETAL BEHAVIORAL STATE 


Fig. 1. Total times spent in various fetal states are shown for 28 fetuses. Prestimulation state is 
represented by open bars and poststimulation state is represented by hatched bars. Indeterm, Indeter- 
minate state (no state established for at least 3 minutes). Standard errors are shown above each bar. 
No fetuses were observed in state 3 before or after vibroacoustic stimulation. 


Table II. Behavioral state before and after vibroacoustic stimulation 


No. of fetuses in No. of fetuses in 


Prestimulation same state <5 same state >5 
state min 

l (n = 4). 4° 0 

2 (n = 16) 16 5 

4 (n = 2) 2 2 

Ind. (n = 6) 6 l 





After stimulation 
No. of fetuses 


achieving Onset of state 4* Duration of state 4* 


state 4 (min) (min) 
4o 4.2 +21] 13.0 + 9.8 
11 6.6 + 4.2 12.5 + 7.8 
2 Immediate 21.5 + 3.5 
5 10.6 + 9.5 9.6 + 5.6 


Ind., Indeterminate. Duration refers to total time spent by all fetuses occupying that state after stimulation. 


*Mean + SD. 


coustic stimulation. Within 10 seconds after vibroa- 
coustic stimulation, 26 of 28 fetuses exhibited FHR ac- 
celerations in excess of 15 beats/min in amplitude and 
15 seconds’ duration; FHR accelerations were absent 
in one fetus in prestimulus state 2 and one fetus in the 
indeterminate state. 


Comment 


This study attempted to determine, under controlled 
environmental conditions and observation techniques, 


whether patterns of organized fetal behavior are 
changed after a brief vibroacoustic stimulus. Interest 
in the possible behavioral effects associated with vi- 
broacoustic stimulation has been provoked by its ap- 
plication in the assessment of both antepartum! and 
intrapartum” fetal well-being, and the current uncer- 
tainties about its mechanism of action. 

We observed apparent alterations in fetal behavioral 
state after the application of vibroacoustic stimulation, 
as shown by times spent in state and the nature of the 


1160 Devoe et al. 


behavioral state achieved. In contrast with the previous 
studies of Gagnon et al.** and our own group*® that 
examined individual behavioral variables, this study at- 
tempted to view integrated, concurrent changes in the 
variables that describe organized fetal behavior. Al- 
though rapid eye movements were not continuously 
tracked throughout each study, the previous data of 
Nijhius et al.° suggest that the coincidence of other state 
variables (e.g., FHR pattern, fetal body movements, 
and breathing patterns) are predictive of organized 
state in over 70% of observed epochs when gestational 
age is beyond 37 weeks, as was the case in all of our 
studies. Therefore as a qualification of our observations 
it is possible that coincidental cycles of fetal motility 
rather than “true” states might have been present in 
some instances when state 2 was assigned. Because of 
the characteristic concurrent patterns of fetal activity 
and FHR baseline associated with state 4, it is less likely 
that errors occurred in the identification of this state. 
Our data suggest that the fetal state established before 
vibroacoustic stimulation may influence the nature and 
duration of subsequent fetal states. Fetuses with a pre— 
vibroacoustic stimulation state 1 consistently and rap- 
idly converted to a post—vibroacoustic stimulation state 
4; fetuses with a pre—vibroacoustic stimulation state 4 
maintained their behavior patterns. Most (57%) of our 
study fetuses were in state 2 before vibroacoustic stim- 
ulation, a finding consistent with that reported by 
Martin" for normal fetuses of this gestational age. The 
behavioral responses of fetuses in state 2 after vibroa- 
~ coustic stimulation appear less consistent and one third 
of this group never established state 4 after vibroa- 
coustic stimulation. These responses are consistent with 
those reported by Lecanuet et al.’ despite the differ- 
ences in the stimuli used in their study. 

In view of our findings, the previous concept that 
fetal state may be “disorganized” by vibroacoustic 
stimulation® should probably be reconsidered and re- 
placed by the concept that, under some circumstances, 
fetal behavioral state may be “reorganized” via evoked 
state transitions. The marked variability in poststimulus 
behavior for those fetuses not in states 1 or 4 suggest 
that the mechanism for FHR accelerative responses to 
this stimulus is not simply caused by state conversion. 
FHR accelerations may be observed in all states except 
state 3 and therefore their spontaneous occurrence 
does not require a change of state.’ Because most study 
fetuses showed a brief tachycardiac response to vi- 
broacoustic stimulation, regardless of the ultimate onset 
and duration of poststimulus state, the mechanism for 
this brief response may be independent of behavioral 
state or the function of higher cortical centers." Alter- 
nately, it is possible that variations in vibroacoustic stim- 
ulation response may reflect variations in the intra- 
uterine intensity of the stimulus, as demonstrated by 
Gerhardt et al. i 
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Our findings also have implications for clinical fetal 
assessment that may involve the adjunctive use of vi- 
broacoustic stimulation. First, the apparent relationship 
between preexisting fetal state and subsequent vikroa- 
coustic stimulation response suggests that the most im- 
mediate and dramatic poststimulus effects occur if the 


fetus has been previously in state 1. Second, most fe- 


tuses undergoing testing after 37 weeks are in state 2 
before vibroacoustic stimulation and their subsequent 
behavioral responses are the least predictable. Third, 
a transient “response” in any individual behavioral vari- 
able, such as FHR baseline, after vibroacoustic stimu- 
lation should not imply that higher cortical centers of 
the fetus are intact. This does not invalidate the use of 
either the “fetal acoustic stimulation test”! or the more 
conventional nonstress test for assessing fetal condition. 
It simply suggests that the observation of FHR accel- 
erations alone does not constitute a comprehersive 
statement of fetal condition. Finally, it is not clear that 
sustained episodes of any behavioral state, especially 
state 4, are of any consequence to fetal well-being; how- 
ever, they may be important for the subsequent appli- 
cation and interpretation of other testing methods. It 
would seem prudent to infer from our experience that 
such sustained responses are not rare, may exceed 30 
minutes, and should probably be considered if further 
antepartum biophysical testing immediately follows the 
use of vibroacoustic stimulation. 
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Successful conservative management of primary nonmetastatic 


cervical choriocarcinoma 


Avraham Ben-Chetrit, MD,* Simcha Yagel, MD» Ilana Ariel, MD,” David Zacut, MD, 
Shlomo Shimonovitz, MD, and Drorit Celnikier-Hochner, MD* 


Jerusalem, Israel 


Primary cervical choriocarcinoma is a rare disease; since 1915 only about 60 cases have been published. 
The case presented here can be defined as primary cervical choriocarcinoma since it fulfills all the criteria 


delineated previously. (AM J OBsteT GYNECOL 1990;163:1161-3.) 


Key words: Cervical choriocarcinoma, hysterectomy, chemotherapy 


Primary cervical choriocarcinoma is an extremely 
rare disease. This condition can be easily misdiagnosed 
as other, more common cervical pathologic conditions 
such as threatened abortion, benign or malignant le- 
sions of the cervix, and even cervical pregnancy. Saito 
et al.’ defined the criteria of ectopic choriocarcinoma 
as follows: (1) There is no primary focus of choriocar- 
cinoma in the uterine corpus. (2) The histopathologic 
diagnosis should be confirmed as choriocarcinoma. (3) 
Extrauterine mole or normal intrauterine pregnancy 
should be excluded. (4) Intramural choriocarcinoma in 
the uterine corpus should not be considered as ectopic 
choriocarcinoma. According to the current literature 
the most common treatment is a combination of ab- 
dominal hysterectomy and chemotherapy. We present 
a case of primary cervical choriocarcinoma in a rela- 
tively young patient who desired to preserve her fer- 
tility; the disease was successfully treated by local ex- 
cision of the lesion followed by chemotherapy. 
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Case report 


A 33-year-old, healthy, Jewish woman, married with 
three children, had three uneventful term pregnancies. 
Her last pregnancy was terminated 1 year before her 
present admission. She used an intrauterine contra- 
ceptive device and reported regular menses until 
1 month before her admission when she noted irregular 
vaginal bleeding not related to coitus. On examination 
in another hospital the uterus was normal with no pal- 
pable adnexal masses. The intrauterine contraceptive 
device was removed. A 0.5 cm flat cervical lesion was 
found, and a biopsy was performed. Histologic ex- 
amination was interpreted as a well to moderately dif- 
ferentiated invasive squamous cell carcinoma of the cer- 
vix. A month later the patient came to our hospital for 
second opinion and treatment. On admission, general 
physical examination gave normal findings. Pelvic ex- 
amination showed a 0.5 x 1 cm cervical lesion. The 
uterus was normal with no palpable adnexal masses. 
Laboratory findings including peripheral blood count, 
platelet count, SMA-C test, erythrocyte sedimentation 
rate, creatinine clearance, and the markers carcinoem- 
bryonic antigen, a-fetoprotein, and CA 125 were within 
normal limits. The B-subunit human chorionic gonad- 
otropin (B-hCG) level was 32 U (normal value, <10 U). 
Chest x-ray film was normal. 

The patient underwent conization to determine the 
extent of the disease; the cone biopsy specimen mea- 
sured 3 cm in diameter and had an irregular surface. 
The entire specimen was sectioned and examined mi- 
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Fig. 1. Choriocarcinoma of uterine cervix. Overlying mucosa is ulcerated. (Hematoxylin and eoxin. 


x 110.) 








Fig. 2. B-hCG is demonstrated in syncytiotrophoblasts by immunoperoxidase technique. (X 440.) 


croscopically (Fig. 1). Tumor was found in the sub- 
mucosa of the transformation zone between 12 and 
3 o'clock. It consisted of masses of large mononuclear 
cells adjacent to groups of multinucleated cells and in- 
termingled with blood lakes. A diagnosis of choriocar- 
cinoma was made. The syncytiotrophoblasts stained 
positively for B-hCG by the immunoperoxidase tech- 
nique (Fig. 2). Lines of resection were free of tu- 
mor. Reexamination of the previous biopsy specimen 
showed the same picture. Five days after the conization, 


serum B-hCG levels were <10 U; serum a-subunit hu- 
man chorionic gonadotropin determination was not 
available in our hospital at that ime. Further metastatic 
workup including brain and chest computed tomo- 
graphic scan gave normal results. As the patient was 
interested in preserving her fertility, laparoscopy was 
performed and macroscopic lesions in the pelvis were 
excluded. Ten milliliters of clear fluid aspirated from 
the pouch of Douglas contained no malignant cells. 
Fractionated curettage showed a normal endocervix 
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and no evidence of trophoblastic disease. As conser- 
vative treatment has been adopted, the patient received 
two courses of intravenous methotrexate and folinic 
acid. Each course lasted 8 days and included four doses 
of 1 mg/kg methotrexate every other day and 0.1 
mg/kg folinic acid on the alternating day, with a week’s 
interval between the two courses. During and after the 
completion of the treatment the serum B-hCG levels, 
peripheral blood all count, and SMA-C test results were 
within normal limits. A repeated chest x-ray film did 
not show any evidence of metastasis. 

A year after treatment, the patient’s condition is 
good. Results of pelvic examination are normal, and 
B-hCG levels are <10 U/ml. 


Comment 


Our case was originally interpreted as a squamous 
cell carcinoma of the cervix. The latter occurs in the 
cervix with much greater frequency than choriocarci- 
noma. The cells of squamous carcinoma may have 
abundant eosinophilic cytoplasm as seen in cytotro- 
phoblasts and may have more than one nucleus, thus 
resembling syncytiotrophoblast. It is not surprising 
therefore that a similar misdiagnosis has been described 
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in another case by Tsukamoto et al.? The diagnosis of 
choriocarcinoma of the cervix should be confirmed by 
immunoperoxidase staining for B-hCG, as in our case. 

Hysterectomy followed by chemotherapy is the treat- 
ment described in all the cases reported in the litera- 
ture. In view that our patient wished to preserve her 
fertility and that the treatment for uterine choriocar- 
cinoma during reproductive age may involve chemo- 
therapy only, we decided to consider a conservative 
management. The negative metastatic workup sup- 
ported our management. 

In our opinion a nonmetastatic, primary cervical cho- 
riocarcinoma that occurs in a young patient who desires 
to preserve her fertility can be treated by local resection 
of the tumor followed by chemotherapy. 
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The prognostic significance of CA 125 half-life in patients 
with ovarian cancer who have received primary chemotherapy 


after surgical cytoreduction 


Verda J. Hunter, MD, Lee Daly, PA-C, Michael Helms, PhD, John T. Soper, MD, 
Andrew Berchuck, MD, Daniel L. Clarke-Pearson, MD, and Robert C. Bast, Jr., MD 
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Fifty-four patients with advanced epithelial ovarian cancer were monitored with serial serum CA 125 levels 
after surgical cytoreduction and during multi-agent chemotherapy with cisplatin-containing regimens. CA 
125 half-life of <20 days was associated with prolonged overall survival {p < 0.015). In those patients 
who eventually were found to be disease-free at surgical surveillance procedures, normalization of serum 
CA 125 levels to <35 U/ml within 65 days of primary operation also suggested an improved survival 


(p < 0.059). (Am J Osstet GYNECOL 1990;163:1164-7.) 
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Serum CA 125 levels have been shown to correlate 
with response to therapy in patients with ovarian can- 
cer.'’ Rapid and complete regression of tumor should 
be associated with a rapid decline in levels of the serum 
marker and might correlate with a favorable prognosis. 
In a report by van der Burg et al.,* patients with a CA 
125 half-life of 20 days or more had a 3.2-fold higher 
progression rate and shorter median time to progres- 
sion than did patients with a CA 125 half-life during 
the first month after chemotherapy correlated with 
progression-free survival. In an attempt to confirm and 
extend these potentially important observations, CA 
125 half-life was calculated in patients with advanced 
stage epithelial ovarian cancer who had received pri- 
mary chemotherapy after surgical cytoreduction. 


Material and methods 


Serial CA 125 levels were studied in 54 women with 
ovarian cancer who had undergone surgical cytore- 
duction followed by multi-agent chemotherapy at Duke 
University Medical Center between March 1984 and 
January 1989. Patients ranged in age from 25 to 86 
years with a median of 57 years. Forty-four women had 
stage III disease and 10 had stage IV disease. All had 
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epithelial tumors: 50 serous, one mucinous, and three 
undifferentiated carcinomas. 

All patients underwent surgical cytoreduction at the 
time of initial diagnosis. Sixteen patients had tumor 
nodules <1 cm after surgery and 31 had nodules >1 
cm. In seven patients who had received initial operation 
elsewhere, the precise status of residual disease was 
unknown. All patients received cisplatin-containing 
mult:-agent chemotherapy at 3- to 4-week intervals ac- 
cording to Gynecologic Oncology Group protocols. 
Twenty-nine patients each received seven to nine cycles 
of cyclophosphamide (500 mg/m’) with cisplatin (50 
mg/m’). Twenty patients received cyclophosphamide 
(500 mg/m”), cisplatin (50 mg/m?*), and doxorubicin 
(50 mg/m?*) for eight cycles. In six of these cases bacillus 
Calmette-Guérin was added to the regimen. Four pa- 
tients received cyclophosphamide (1000 mg/m’) and 
cisp-atin (100 mg/m’) during each of four cycles and 
one patient underwent six cycles of intraperitoneal 
cisplatin and intravenous cyclophosphamide chemo- 
therapy. 

Initial serum samples were obtained from 28 patients 
before cytoreductive operations, from 15 patients be- 
fore the initiation of chemotherapy, and from 11 pa- 
tier.ts before the second course of chemotherapy. All 
patients were followed up with serial CA 125 value de- 
terminations and second samples were obtained in all 
cases within 90 days of operation. All sera were 
promptly separated and frozen at - 70° C. Serum CA 
125 was assayed according to directions in kits obtained 
frem Centocor (Malvern, Pa.) as previously described.’ 
All 54 patients initially had elevated CA 125 (>35 U/ml). 
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Fig. 1. Probability of survival for patients with ovarian cancer with serum CA 125 levels =20 U/ml 


(solid circles, and >20 U/ml (open circles). 


Days of follow-up were calculated from the date of 
operation to either the date of death or the date of last 
examination. CA 125 half-life for individual cases was 
calculated with the formula described by van der Burg 
et al.*: 


dT 


Ta = Log, (CA 125-1/CA 125-2) 


where CA 125-1 is the prechemotherapy or preoper- 
ative value, CA 125-2 is the first normal CA 125 value 
or the lowest CA 125 value, If CA 125 did not normalize 
between 3 months after the start of therapy, and dT is 
the time between CA 125-1 and CA 125-2. 

Patients were grouped as having CA 125 half-life 
values less than or more than different values. The 
interval to normalization of CA 125 (<35 U/ml) was 
also calculated for each patient. The date of progres- 
sion was defined as the first date on which progressive, 
persistent, or recurrent tumor growth could be de- 
tected by clinical, radiologic, or surgical examination. 
Second-look laparoscopies or laparotomies were per- 
formed in 39 patients. Four patients refused operation 
and 11 patients experienced progression before an op- 
eration could be performed. Median follow-up for all 
patients was 606 days and minimum follow-up was 305 
days. 

Survival curves were calculated and the resulting 
plots displayed through Kaplan-Meier analysis.° Tests 
of differences between the curves were made with the 
log-rank test. The test statistic consisted of a x° with the 
degrees of freedom being one less than the number of 
curves being considered. 


Results 


Survival for 38 patients with serum CA 125 half-life 
values =20 days was compared with that for 16 patients 
with CA 125 half-life >20 days (Fig. 1). Overall survival 
was significantly greater in patients with a CA 125 half- 
life =20 days (p < 0.015, two-tailed). Median survival 
was approximately twofold greater in those individuals 
with the shorter CA 125 half-life. The correlation be- 
tween half-life of serum CA 125 and time to disease 
progression did not achieve statistical significance (p < 
0.13, two-tailed). 

When all patients were considered, the interval re- 
quired for CA 125 to fall below 35 U/ml did not cor- 
relate with disease-free or overall survival. However, if 
the 39 patients who underwent second-look surgical 
surveillance procedures were divided into subsets with 
and without residual ovarian cancer, an interesting 
trend was observed for those patients who were disease- 
free at second look (Fig. 2). In this group eight indi- 
viduals whose serum CA 125 value normalized by 65 
days after initial operation appeared to have improved 
survival when compared with five patients whose CA 
125 level had not normalized. The number of patients 
in each group was, however, quite small and the dif- 
ferences only approached statistical significance (p < 
0.059, two-tailed). The interval to normalization of CA 
125 did not correlate with survival in those individuals 
with positive surgical surveillance procedures. 


Comment 


Lavin et al.’ found that a failure to normalize CA 125 
levels after 3 months of treatment was consistently as- 
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Fig. 2. Probability of survival for patients with ovarian cancer with positive (triangles) or negative 
(circles) surgical surveillance proccess: Solid fea indicate a fall in CA’ 125 level to >35 U/ml by ` 


65 wa 


sociated with persistence of ovarian cancer at comple- 
tion of chemotherapy. All patients with negative sur- 
gical surveillance procedures had experienced a.decline 
of CA 125 levels to <35 U/ml by 3 months. Conse- 
‘quently, the CA 125 level 3 months after treatment 
appeared to predict response to therapy in epithelial 
ovarian cancer. Van der Burg et. al.“ extended these 
observations, correlating the half-life of CA 125 with 
the rate of disease progression and the time to disease 
progression. In patients with a CA 125 half-life >20 
days, a median time to disease progression of 11 months 
was found compared with 43 months for patients with 
half-life <20 days. The physiologic half-life of CA 125 
has been estimated to be 4.8 days. Larger values are 
thought to reflect the continued production of CA 125 
by residual tumor. Rustin et al.” observed that disease- 
free survival was improved in those patients whose se- 
rum CA 125 had fallen sevenfold by 35 a after the 
initiation of chemotherapy. 

This report extends these earlier studies to consider 
overall survival. Our experience in 54 patients with 
advanced ovarian cancer who had undergone surgical 
cytoreduction followed by multiagent cisplatin-based 
chemotherapy supports the observation that CA 125 
half-life is a potentially important prognostic variable. 
Patients with a short CA‘125 half-life had an improved 
overall survival when compared with ‘patients with a CA 
125 half-life >20 days. | i 

However, a statistically significant correlation was not 
observed between CA 125 half-life and disease-free sur- 
vival, in contrast to observations of van der Burg et al." 
Our study population was still relatively small and sta- 


tistical significance might have been achieved if a larger 
number of patients could have been studied. Our study — 
was restricted to patients with stage III and IV disease, 
whereas the previous report’ included patients with 
early stages of tumor spread. In early-stage disease sur- . 
gical removal of tumor would provide complete cyto- 
reduction and eliminate the major source of antigen 
before chemotherapy. In such patients a short half-life 
would be observed related to the operation rather than 
to the chemotherapy. Patients with early stage disease 
should also have the best prognosis and the longest time 
to tumor progression. The criteria used to determine 
disease progression constitute another difference be- 
tween the two studies. Our use of positive surgical sur- 
veillance procedures to determine the date of disease 
progression may have minimized differences in disease- 
free interval between groups with rapid and slow CA 
125 half-lives. In the earlier study by van der. Burg 
et al.,* it was not stated how often surgical surveillance 
procedures had been performed or whether surgical 
findings had been used to determine the date of disease _ 
progression. Finally, patients. may have been followed 
up at more frequent intervals after chemotherapy in 
the study by van der Burg et al., permitting a more 


‘precise determination of the date of clinical pro- 


gression. 

In our study a trend was observed toward correlation 
of survival with normalization of CA 125 by 65 days, 
but only in the subset of patients who had negative 
second-look surgical surveillance procedures. Lack of 


' prognostic significance in the presence of persistent 


tumor may simply reflect the substantial importance of 
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macroscopic tumor at second look in determination of 
subsequent survival. A rapid fallin serum CA 125 levels 
need not preclude the presence of residual disease at 
second look. If tumors contained a small but significant 
fraction of drug-resistant cells, a majority of sensitive 
cells could be eliminated rapidly and still leave residual 
disease. Alterratively, rapidly proliferating cells might 
be quite sensitive to cytotoxic chemotherapy, but a small 
fraction of surviving cells regrow at a similarly rapid 
rate. 

With cisplat:n-based regimens a substantial fraction 
of patients wil. have disease recurrence within 2 years 
after a negative second-look procedure. However, the 
remainder will survive disease-free. In those patients 
with negative surgical surveillance procedures, the ac- 
curate identifization of a subset who are destined to 
have disease recurrence would be of value in planning 
trials of more aggressive consolidation therapy. High- 
dose alkylator therapy with autologous bone marrow 
transplantation, for example, is likely to be most effec- 
tive against minimal residual disease but is associated 
with significant morbidity and mortality.’ A reliable cor- 
relate of poor prognosis in patients with a negative 
second-look operation would aid in selection of appro- 
priate criteria or bone marrow transplantation or sim- 
ilarly aggressive consolidation chemotherapy. 

Correlation of CA 125 half-life during primary ther- 
apy with subsequent overall survival is consistent with 
the importance of a response to the initial cytotoxic 
regimen and to a general lack of effective second-line 
therapy. Rate cf response to primary chemotherapy has 
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been correlated with the subsequent course of disease 


in leukemia, lymphoma, testicular carcinoma, and ges- 


tational trophoblastic neoplasia. On the basis of this 
report and from previous studies,** this principle is 
likely to extend to epithelial ovarian carcinoma. 
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Management and outcomes of pregnancies complicated by 


human B19 parvovirus infection: A prospective study 


John F. Rodis, MD, Dorothy L. Quinn, MS, G. William Gary, Jr., MPH, DrPH, 
Larry J. Anderson, MD, Sally Rosengren, MD, Matthew L. Cartter, MD, 
Winston A. Campbell, MD, and Anthony M. Vintzileos, MD | 
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During a large statewide outbreak cf fifth disease in Connecticut in 1988, 39 pregnant women were 
identified who had serologic evidence of recent human B19 parvovirus infection. The patients were 
followed up prospectively with targeted fetal ultrasonographic examinations to detect signs of fetal hydrops. 
Of these 39 pregnant women, 37 had healthy infants and two patients had miscarriages. None of the 
fetuses developed hydrops. We propose that pregnant women exposed to B19 parvovirus be tested for 
evidence of IgG and IgM B19-specific antibodies and that targeted fetal ultrasonography be considered 
when IgM antibodies are found. Percutaneous umbilical blood sampling and intrauterine transfusion can be 
considered in cases of B19 parvovirus-associated hydrops and anemia. The overall fetal loss rate in this 
prospective follow-up group was 5%. (AM J OssTET GYNECOL 1990;163:1 168-71.) 
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Intrauterine infection with human B19 parvovirus 
has been associated with fetal hydrops and death,’’ 
although the outcomes have been normal in the ma- 
jority of cases. During a large and widely publicized 
statewide outbreak of erythema infectiosum (fifth dis- 
ease), the childhood exanthem caused by B19 parvo- 
virus. many pregnant women were exposed to the virus. 
More than 1000 pregnant women had blood tests for 
the presence of IgG and IgM parvovirus-specific an- 
tibodies. This article pertains to the pregnant women 
who were identified as having evidence of recent B19 
parvovirus infection (i.e., B19 IgM-antibody—positive). 
The purpose of this report is to define the fetal risks 
associated with maternal B19 parvovirus infection dur- 
ing pregnancy in a prospective follow-up population 
and to propose a management protocol for pregnancies 
complicated by B19 parvovirus infection. ) 


Material and methods 


During a large statewide outbreak of erythema in- 
fectiosum from December 1987 through December 
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1988, many pregnant women contacted their physicians 
or the Connecticut Pregnancy Information Service at 
the University of Connecticut Health Center. Most of 
the women had either direct or indirect contact with a 
child with erythema infectiosum; many worked in 
schools with erythema infectiosum outbreaks. Patients 
were advised to-have their blood tested for the presence 
of IgG and IgM parvovirus-specific antibodies. Testing 
was performed at the Centers for Disease Contrcl by 
a previously described? enzyme-linked immunosorbent 
assay method. 

Women with serologic evidence of recent infection 
by B19 parvovirus (1.e., B19 parvovirus IgM-antibody— 
positive) were advised to undergo targeted fetal ultra- 
sonographic examinations, with special attention given 
to signs of fetal hydrops (polyhydramnios, placento- 
megaly, pericardial or pleural effusions, ascites, skin or 
scalp edema). Ultrasonographic examinations were 
performed at l- to 2-week intervals until at least 6 to 
8 weeks had elapsed from the date of maternal expo- 
sure, when it was known. In cases in which the timing 
of B19 parvovirus exposure was ill defined, ultraso- 
nography was performed for 6 weeks from the time 
the B19 parvovirus IgM antibody—positive serum was 
drawn. This report includes only those patients whose 
pregnancies were uneventful at the time of serologic 
testing. In other words, to avoid selection bias, patients 
who had miscarriages who were then sent for B19 par- 
vovirus testing are not included. Ultrasonography was 
performed by the Maternal-Fetal Medicine faculty of 
the University of Connecticut Health Center. 

Pregnancy outcomes were obtained in all cases; in- 
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formation was obtained by the referring physicians or 
the pediatricians who had examined the newborns. 
Information obtained included birth weights, Apgar 
scores, gestational age at delivery, and documentation 
of major or minor congenital anomalies. In cases of 
spontaneous abortion fetal and placental tissues were 
examined histologically. 


Results 


During the study period 39 pregnant women were 
identified who had recent evidence of B19 parvovirus 
infection, all of whom were followed prospectively with 
fetal ultrasonographic examination. Pregnancy out- 
comes were available for all women. Thirty-seven (95%) 
were delivered of healthy newborns, 36 at term and 
one patient delivered of twins at 35 weeks. None of 
these fetuses had signs of fetal hydrops. One of the 38 
infants had mild hypospadias. Two patients had spon- 
taneous abortions for an overall pregnancy loss rate 
of 5%. 

With regard to the two losses, one occurred in a pa- 
tient with infertility who had suboptimal rises in quan- 
titative B-human chorionic gonadotropin before her 
exposure to a child with erythema infectiosum early 
in the first trimester. She subsequently had falling B- 
human chorionic gonadotropin values and never re- 
quired a dilation and curettage; thus no tissue was avail- 
able for histologic examination. The other spontaneous 
abortion occurred in a woman exposed to B19 parvo- 
virus at 10 weeks’ gestation. Fetal heart tones were aus- 


cultated and serum was tested for B19 parvovirus an- 


tibodies. Two weeks later the patient had a spontaneous 
abortion. Histologic examination of the placenta re- 
vealed severe erythroblastosis. Because of formalin fix- 
ation of the products of conception, B19 parvovirus 
deoxyribunucleic acid probes could not be used to iden- 
tify viral deoxyribonucleic acid. 

Table I shows the gestational age at the time of se- 
rologic testing in the 39 women. 


Comment 


In most cases of maternal B19 parvovirus infection 
the fetus is not adversely affected, whereas in others— 
for reasons not well understood—miscarriages, fetal 
hydrops, and death may occur. The actual incidence of 
fetal death after maternal infection is not well estab- 
lished because previous studies have been retrospective 
and subject to selection bias. A retrospective review of 
all cases reported in the literature suggested a fetal 
loss rate of 38%,* whereas a recent report from 
West Germany found a 26% rate of hydrops in 39 preg- 
nant women.” However, an unpublished prospective 
study from the United Kingdom suggests that the B19 
parvovirus—associated fetal death rate after maternal 
infection is <10%."° To the best of our knowledge this 
study represents the first published report of a pro- 
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Table I. Distribution of gestational ages at 
time of serclogic testing 


Gestational age 
(wk) No. % of total 


=5 2 5.1 
7-12 10 25.6 
13-18 1] 28.2 
19-24 5 12.8 
25-30 6 15.4 
31-36 2 5.1 
>97 3 alal 
TOTAL 39 99.9 


spectively followed cohort of pregnant women with re- 
cent B19 parvovirus infection. Our overall 5% fetal loss 
rate is consistent with the findings of the unpublished 
British study. 

If B19 parvovirus infection is considered from the 
larger public health prospective, three factors deter- 
mine the risk of adverse pregnancy outcome. First is 
the overall susceptibility rate in the population. Pre- 
vious studies have suggested that approximately 50% 
of adults in the United States have serologic evidence 
of past B19 parvovirus infection and are thus immune. 
During the period of our study 53% of pregnant 
women tested had evidence of past infection (M. L. C., 
unpublished data, 1988). The second factor to be con- 
sidered is the actual rate of infection in these susceptible 
individuals in the setting of a community outbreak of 
erythema infectiosum. Previous epidemiologic studies 
would suggest that approximately 50% of susceptible 
household contacts become infected. Data from one 
Connecticut community that was extensively studied by 
the Centers for Disease Control during the 1988 out- 
break revealed that 19% of susceptible adult school 
personnel became infected in schools with erythema 
infectiosum outbreaks. The third factor in the fetal 
risk equation is the actual B19 parvovirus—associated 
fetal loss rate in cases of maternal infection. Although 
two pregnancy losses occurred in 39 women (5%) in 
our study, one of these losses most likely was not re- 
lated to B19 parvovirus infection, and therefore the 
B19 parvovirus—associated fetal loss rate may be as low 
as 2.5% 

Approximately 50% of adults lack immunity to B19 
parvovirus infection; as many as 20% of susceptible 
adults become infected after exposure in a school set- 
ting and 2.5% to 5% of these may have adverse preg- 
nancy outcome once they become infected. Thus the 
overall B19 >arvovirus—related fetal loss rate for preg- 
nant women whose immunologic status is unknown was 
approximately 2.5 to 5/1000 pregnant women. As 
noted, we did not include patients who were tested after 
miscarriage in an effort to avoid selection bias. Thus 
there could have been other B19 parvovirus—related 
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identify exposed pregnant patients or those with 
signs/symptoms of erythema infectiosum (fifth disease) 


Serologic testing for presence of 
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Fig. 1. Management protocol for B19 parvovirus exposure in pregnancy. 


first-trimester losses. However, during the study period 
there were very few such cases. Therefore it is unlikely 
that their inclusion would have significantly altered the 
cited risks. Moreover, in keeping with the prospective 
nature of our study, we thought that these cases would 
best be excluded. Currently, serologic testing for B19 
parvovirus infection is not widely available. The Cen- 
ters for Disease Control and some state health depart- 
ments offer B19 parvovirus antibody testing on a lim- 
ited basis that includes testing pregnant women with 
exposure to B19 parvovirus or symptomatic B19 par- 
vovirus infection. 

We have previously suggested’ that since the cause 
of fetal death in most cases appears to be profound 
fetal anemia, intrauterine transfusion might be a po- 
tential therapy in affected fetuses. Recently Schwarz 
et al.* reported intrauterine fetal blood transfusion in 
three affected fetuses with successful outcomes in all 
cases. This treatment has not been tested in a controlled 
study and thus is not recommended for routine treat- 
ment of B19 parvovirus—related fetal hydrops.” 

We propose the management protocol depicted in 
Fig. 1. Pregnant women exposed to B19 parvovirus 
infection can be tested for B19 parvovirus antibod- 
ies. In general, maternal IgM antibodies appear 3 to 4 


| days after the onset of clinical illness, whereas IgG an- 


tibodies appear within 7 days. The IgM antibodies per- 
sist for 3 to 4 months and the IgG antibodies persist 
for years.®!? Therefore those who are positive for IgG 
antibodies and negative for IgM antibodies can be as- 
sured that they are at little, if any, risk from B19 par- 
vovirus infection. Those with IgM antibodies have re- 
cently been infected and their fetus may be at risk of 
B19 parvovirus—related fetal death. The possibility of 
a B19 parvovirus adverse effect on the fetus car be 
monitored by directed ultrasonography and signs of 
hydrops including skin or scalp edema, ascites, hepa- 
tomegaly, placentamegaly, pleural or pericardial effu- 
sion, or altered fetal biophysical activities (e.g., de- 
creased fetal movement) suggest that the fetus may be 
adversely affected by the infection. Percutaneous um- 
bilical blood sampling can be considered to clarify the 
diagnosis by looking for severe anemia and evidence 
of B19 parvovirus infection. Fetal infection can be doc- 
umented by demonstrating B19 parvovirus antigens or 
deoxyribonucleic acid and is strongly suggested by 
demonstrating eosinophilic inclusions and marginated 
chromatin characteristic of B19 parvovirus—infected 
erythroid precursors. Intrauterine blood transfus:ons 
can be considered to treat the affected fetus, although 
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its role in the =reatment of this condition is yet to be 
defined and needs further study. Treatment with im- 
mune globulin is another therapeutic modality that 
merits study. 

The fetus with a normal ultrasonogram on initial 
examination may develop abnormalities later; there- 
fore consideration should be given to following the fe- 
tus with additional ultrasonograms. The timing of ul- 
trasonically detectable hydrops in relationship to ma- 
ternal infection and fetal death is not well understocd; 
it is known, however, that fetal death usually occurs 
between 4 and 6 weeks but has occurred up to 12 
weeks after symptomatic infection in the mother. The 
role of ultrasonography in follow-up of these pregnan- 
cies is not well defined and requires further study. 
Some authors “ have suggested that maternal serum 
a-fetoprotein levels be monitored because elevated val- 
ues may identify the adversely affected fetus. One dis- 
advantage of this approach is the many other causes of 
elevated maternal serum a-fetoprotein levels. More- 
over, because the maternal serum a-fetoprotein test is 
primarily performed between 15 and 18 weeks’ ges- 
tation, its value would be limited to cases of maternal 
infection during the late first or early second trimester. 

Women susceptible to B19 parvovirus infection (IgG 
and IgM negative) should be advised of the risks of 
continued expcsure to their fetus, and any decision to 
attempt to decrease this risk should be made by the 
women after consulting with other involved persons 
such as family members, employers, and public health 
officials.” 

In conclusion, pregnant women with known B19 
parvovirus exposure or signs or symptoms of fifth dis- 
ease should be tested for presence of IgG and IgM 
parvovirus-specific antibodies. In patients with sero- 
logic evidence of recent infection (IgM positive), tar- 
geted ultrasonagraphic examinations and maternal se- 
rum a-fetoprotein testing may be helpful in identifying 
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affected fetuses. It would appear that the fetal loss rate 
after maternal B19 parvovirus infection is <5%. 
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Colon cancer in pregnancy with elevated maternal serum 
a-fetoprotein level at presentation 


Whitney Gonsoulin, MD, Brian Mason, MD, and Robert J. Carpenter, Jr., MD 


Houston, Texas 


A case of colon cancer in pregnancy.is presented in which the maternal serum a-fetoprotein. level was 
elevated. Failure to evaluate colon cancer as a cause of the elevated maternal serum a-fetoprotein may 
have accounted for the poor outcome. (Am J OBSTET GYNECOL 1990;163:1172-3.) - 


Key words: Colon cancer, pregnancy, a-fetoprotein 


The use of maternal serum a-fetoprotein (AFP) test- 
ing as a screening method for the early detection of 
fetal anomalies and chromosomal defects has increased 
in recent years. However, a variety of nonobstetric dis- 
eases may also elevate maternal serum AFP values and 
this knowledge can assist the practitioner in the early 
detection of these disorders. We present a case report 
of a patient with adenocarcinoma of the colon during 
pregnancy in which the first abnormality noted was 
elevated maternal serum AFP. 


Case report 


A 33-year-old white primigravid woman had routine 
prenatal care without apparent complications. At 16 
weeks the maternal serum AFP level was 198.6 mg (6.2 
multiples of the median). Ultrasonography was normal 
at 17 weeks and amniocentesis showed normal level of 
amniotic AFP and negative acetylcholinesterase. Chro- 
mosome analysis showed a normal 46,XY pattern. 

At 23 weeks’ gestation the patient was seen for com- 
plaints of epigastic pain. She denied nausea or vomit- 
ing, change in bowel habits, or melena. Initial medical 
therapy was unsuccessful. Physical examination showed 
a mass in the epigastrum and left upper quadrant. A 
liver ultrasound demonstrated a large liver mass. Mag- 
netic resonance imaging showed an enlarged liver with 
the appearance of a multifocal hepatoma occupying 
both right and left lobes. A liver biopsy was performed 
at 25 weeks that revealed an adenocarcinoma of un- 
known origin. Carcinoembryonic antigen was signifi- 
`- cantly elevated at 630 ng/dl and gastrointestinal ma- 
lignancy metastatic to the liver was considered. 
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At 25 weeks’ gestation, the patient was transferred 
to our tertiary center with complaints of abdominal 
pain, shortness of breath, and vomiting. Physical ex- 
amination was remarkable for a grossly distended ab- 
domen with ascites. Colonoscopy revealed a large fun- 
gating, friable mass approximately 15 cm in length in 
the midtransverse colon occluding 80% of the lumen. 
Biopsies confirmed invasive adenocarcinoma similar to 
that of the liver biopsy. Obstetric ultrasonography was 
performed and confirmed a viable singleton pregnancy 
without anomalies. l 

The patient’s physical condition deteriorated rapidly 
and she became progressively more lethargic and ano- 
rexic. On the seventh hospital day, fetal heart tones 
could not be auscultated and fetal death was confirmed 
by ultrasonography. Labor was induced without diffi- 
culty. Postpartum the patient became oliguric and de- 
veloped gram-negative septicemia confirmed by klood 
cultures. Despite antibiotic therapy and replacement of 
clotting factors, the patient’s coagulopathy persisted 
and progressive oliguria and ascites developed. The 
patient died after cardiopulmonary arrest on hospital 
day 21. | 

Necropsy on the fetus revealed an 890 gm male in- 
fant without congenital abnormalities. Study of the 
placenta showed acute inflammation of the decidua 
and chorion without metastases. Autopsy of the 
mother revealed a 6530 gm liver with 95% of the liver 
parenchyma replaced by necrotic tumor and an ade- 
nocarcinoma of the transverse colon measuring 4.5 xX 
6 cm. 


Comment 


As more women are screened with maternal serum 
AFP level determinations, physicians are confronted 
with unexplained elevations of maternal serum AFP 
values. Causes for elevation include a variety of ob- 
stetric conditions including neural tube defects, abdom- 
inal wall defects, multiple gestation, Rh isoimmuniza- 
tion, improper dates, and intrauterine death. In ad- 
dition, there are a number of nonobstretic disease 
processes that can cause elevations in maternal serum 
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AFP such as hepatitis, infectious mononucleosis, liver, 
stomach, and colon cancer.! 

In this case, marked elevations in the maternal serum 
AFP level were probably related to the primary ade- 
nocarcinoma or the hepatic metastases. Unfortunately, 
symptoms of early pregnancy can be confused with the 
symptoms of colon cancer, which include rectal bleed- 
ing, constipation, persistent abdominal pain, or a rectal 
or an abdominal mass. Screening tests such as carci- 
noembryonic antigen assay are often elevated in preg- 
nancy and are therefore of limited use in diagnosis of 
colon cancer in pregnancy. The majority of colon can- 
cers occur below the peritoneal reflection and can be 
diagnosed by rectal examination. For higher lesions, 
sigmoidoscopy or colonoscopy may be necessary. Early 
detection and treatment greatly improves the prognosis 
of this disease. l 


Colon cancer with elevated maternal serum AFP 


The incidence of colon cancer in pregnancy is esti- 
mated to be in 1/50,000 to 1/100,000 pregnancies’; 
however, this number may be expected to rise as an 
increasing number of older women become pregnant. 
Unexplained elevations in maternal serum AFP, par- 
ticularly in the face of normal amniotic fluid AFP, ne- 
cessitates further workup to rule out potentially treat- 
able causes. 
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Effects of hypertension on pregnancy monitoring and results 
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The effect of saverity of hypertension on fetal heart rate tracing changes and neonatal outcomes was 
evaluated on eli patients with hypertension seen in 1980 and 1981 (666 cases, «0% of the pregnant 
population) in ‘he Chicago-Lying In Hospital. The patients were grouped according to severity of 
hypertension, and the fetal heart rate monitoring, drugs administered, mode of delivery, and neonatal 
outcome were analyzed. Half of the patients (326) had mild hypertension and 13% (87) had severe 
hypertension; zhe remainder (253) had moderate hypertension. There were 49% primiparous and 51% 
multiparous women. The diagnosis of preeclampsia was made in 76% of cases, and chronic hypertension 
in 19%. Only -2% of the total were premature by dates, but 47% of this group were among the severe 
group. Oxytoc-n was given to 50%, whereas delivery was spontaneous in 56% of cases, and by cesarean 
section in 22%. This was higher among the severe hypertension group (37%), and the prematurity rate 
was 47%. Nonstress testing was done in one third of cases and only nonreactivity was associated with 
neonatal death. Neonatal depression (Apgar score < 6 at 5 minutes) was significantly associated with 
intrapartum fixed baseline and late decelerations; these were the best predictors of fetal outcome. The 
administration of magnesium sulfate, hydralazine, meperidine, or morphine did not predictably affect the 
fetal heart rate pattern. The perinatal mortality was 21%. in the mild group and 36%. and 138%, 
respectively, among moderate and severe cases of hypertension. Close antepartum and intrapartum 
surveillance, including proper fetal monitoring, should help to reduce risks for mother and fetus through 


timely intervention. (Am J Opstet GYNECOL 1990;163:1173-9.) 


Key words: Hypertension, fetal heart rate, monitoring 


Pregnancies complicated by hypertension have been 
extensively studied, with increased complications noted 
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in cases of intrauterine growth retardation,’® fetal dis- 
tress,*” and perinatal mortality.” **° Prospective studies 
have shown that the likelihood of poor fetal outcome 
increases as the severity of hypertension increases.” *° 
The most common reason suggested for these compli- 
cations postulates a decreased perfusion of the inter- 
villous space as a result of peripheral vasoconstriction 
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Table I. Distribution by gestational age 


Severity of 

hypertension 

Group 1 326 (49%) 2 (14%) 3 (14%) 

Group 2 253 (38%) 4 (29%) 7 (31%) 

Group 3 87 (13%) 8 (57%) 12 (55%) 
TOTAL 666 (100%) 14 (2%) 22 (3%) 


that ultimately produces placental insufficiency. This 
decreased perfusion would be reflected during the an- 
tenatal period or in labor by abnormal fetal heart rate 
(FHR) patterns that are known to occur in some hy- 
pertensive pregnancies.‘ This study is a retrospective 
analysis of the effect of the severity of hypertension on 
FHR patterns and fetal outcome, as well as an evalu- 
ation of commonly administered medications and their 
effects on intrapartum FHR patterns. The minimal 
blood pressure reading chosen to indicate hypertension 
of pregnancy was 125/75 mm Hg in view of the rela- 
tively recently acquired knowledge that in the last two 
trimesters of human pregnancy the normal blood pres- 
sure fluctuates around 100/60 mm Hg with very nar- 
row ranges, and that preeclampsia has been regularly 
described with readings of 125/75 mm Hg.” 


Material and methods 


The study group consisted of all pregnant wo- 
men with hypertension, defined as blood pressure of 
>125/75 mm Hg, after. the fifth month of gestation. 
All patients were delivered at the Chicago-Lying In 
Hospital between Jan. 1, 1980, and Dec. 31, 1981. The 
medical records of the study group were reviewed (by 
U. V.) of the 666 patients who fulfilled the criteria, and 
80 parameters were extracted. This population was di- 
vided into three subgroups based on the severity of 
hypertension. Patients in group 1 had blood pressure 
recordings between 125/75 and 135/85 mm Hg 
(n = 326, 49% of cases); group 2 patients had blood 
pressure readings from 136/86 up to 150/100 mm Hg 
(n = 253, 38%); group 3 patients had blood pressure 
measurements > 150/100 (x = 87, 13%). 

The intrapartum FHR tracings were reviewed (by 
J. W. L.) in 451 of these patients for whom they were 
available. These FHR tracings were. analyzed to deter- 
mine the type of decelerations (if any) present (early, 
variable, late), the baseline rate (normal, 120 to 150 
beats/min), and the alterations of the baseline pattern 
(normal oscillations, fixed, saltatory).‘ 

Prenatal care was given at Chicago-Lying In Hospital 
to 564 patients (85%); of the remainder, 61 patients 
(9%) received either no prenatal care or prenatal care 
was provided at local clinics or offices, and 41 (5%) were 
transferred from other hospitals. Maternal ages ranged 
between 13 and 45 years; 29% (n = 191) were between 


October 1990 
Am J Obstet Gynecol 


11 (24%) 289 (52%) 21 (62%) 
13 (29%) 218 (40%) 11 (32%) 3 
21 (47%) 44 (8%) 2 (6%) 47 
45 (7%) 551 (83%) 34 (5%) 


13 and 19 years; 47% (n = 310) between 20 and 29 
years; 22% (n = 149) between 30 and 39 years; and 
2% (n = 16) were over 40 years of age. There were 
approximately equal numbers of primiparous 
(n = 327) and multiparous (n = 339) patients. The 
majority of patients were black (n = 633), with whites 
(n = 25) and other ethnic backgrounds (n = 8) present 
in much smaller numbers. 

The patients were given a diagnosis of preeclampsia 
(n = 503), eclampsia (n = 4), chronic hypertension 
(n = 128), renal disease (n = 19), and “other” diag- 
nosis (n = 12), including sickle cell disease, epilepsy, 
idiopathic thrombocytopenic purpura, etc., according 
to standard clinical criteria. Labor was spontaneous in 
241 patients (36%), induced in 200 (30%), and en- 
hanced in 130 patients (20%). There was no labor in 
75 cases (11%), and 20 cases were uncoded (3%). Pre- 
term deliveries (=36 weeks) occurred in 81 patients 
(12%), whereas 551 pregnancies (83%) were term (37 
to 41 weeks), and 34 (5%) were =42 weeks from the 
last menstrual period. 

All data from the chart review and the data from the 
FHR tracings analysis were entered into a computer 
for statistical analysis, usually with the x? test. 


Results 


The total number of women delivered at Chicago- 
Lying In Hospital during the study period (1980 and 
1981) was 6648, of which 666 were classified as hyper- 
tensive, for a 10% incidence of hypertension (as defined 
here) in the population. 

Table I shows the gestational ages of the patients in 
each study group. Patients in groups 2 and 3 accounted 
for 80% of all preterm deliveries (=36 weeks) and 85% 
of deliveries at <32 weeks’ gestational age. Table II 


shows the type of delivery for each group; it is of in- 


terest that, as the severity of hypertension increased 
there was an increase in the cesarean section rate, a 
decrease in the spontaneous delivery rate and, esser- 
tially, no difference in the rate of forceps or vacuum 
deliveries (p < 0.001). Furthermore, 22% of the cesar- 
ean sections occurred in group 3 patients (Table HI}, 
37% of whom were delivered by this route (Table II), 
even though this group constitutes only 13% of the total 
population. The indications for intervention were an- 
alyzed for each study group among the patients who 
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Table II. Type of delivery 
Groups 


1 326 (49%) 189 (58%) 
2 253 (38%) 145 (57%) © 
3 87 (13%) 35 (40%) 
TOTAL 666 369 (56%) 
df 6; p < 0.001. 


Table III. Indications for cesarean sections 
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Cesarean section 


75 (23%) 8 (2%) 54 (17%) 
43 (17%) 7 (3%) 58 (23%) 
18 (21%) , 2 (2%) 32 (37%) 
136 (20%) 17 (2%) 144 (22%) 


Failure io 
Group Maternai Fetal progress Combination 


1 54 (37%) 26 (48%) 

2 58 (40%) 19 (33%) 

3 32 (22%) 3 (9%) 
TOTAL 144 (100%) 48 (33%) 


df 6; p < 0.01. 


had cesarean section (Table III). A higher percentage 
of cesarean sections was performed in patients in group 
3 for fetal indications than in groups | or 2. The ma- 
jority of these cases involved fetal distress, determined 
by either antepartum heart rate monitoring (nonstress 
test—contraction stress test), falling estriol levels, intra- 
partum decelerations, or iow fetal scalp pH values. The 
majority of patients in groups 1 and 2 who had cesarean 
deliveries for maternal indications were patients with 
previous cesarean deliveries. 

A higher percentage of group 3 fetuses exhibited late 
decelerations (11%) as compared with those in group 
1 (5%) or 2 (4%), although this difference was not sig- 
nificant. A similar occurrence was observed at evalua- 
tion of the baseline rate, with no significant differences 
among the hypertensive groups, although a higher per- 
centage of group 3 fetuses (13%) did have baseline 
tachycardia than those in groups | (7%) and 2 (8%). 
As the severity of hypertension increased, significantly 
more fetuses within each group exhibited a sustained 
fixed baseline (p < 0.03) as shown on the left side of 
Fig. 1. 

To determine whether the duration of hypertension 
influenced the FHR patterns recorded during labor, a 
comparison was made between patients with pre- 
eclampsia (presumably shorter time) and those diag- 
nosed as having chronic hypertension. There. were no 
differences between these two groups in the incidence 
of type of decelerations observed, the baseline rate, or 
baseline alterations. The data shown in Fig. 1 suggest 
that the degree of hypertension is a more important 
determinant of abnormal FHR patterns than is the du- 
ration of hypertension. 

The effects of intrapartum medications on the FHR 
patterns were analyzed for the various FHR parameters 
and were grouped according to the medications the 


12 (22%) 8 (15%) 8 (15%) 
16 (28%) 13 (23%) 9 (16%) 
15 (45%) 8 (24%) 7 (21%) 
43 (30%) 29 (20%) 24 (17%) 


patients received during labor. There were no signifi- 
cant differences in the types of decelerations recorded 
when patients who received no medication were com- 
pared with those who received either magnesium sul- 
fate, hydralazine, or sedatives, although a higher per- 
centage of fetuses in the hydralazine group did have 
late decelerations compared with the other groups. 
Similarly, there were no differences when the baseline 
rate was analyzed among the patients who received no 
medications and those who were medicated. However, 
when analyzed for effect on baseline patterns a signif- 
icantly higher ($ < 0.001) number of fixed baseline 
tracings were found in the groups that received hy- 
dralazine and magnesium sulfate than in the groups 
that received no medication or sedatives (Fig. 2). Be- 
cause an increase in fixed baseline tracings was also 
observed as the severity of hypertension increased (Fig. 
1), it may have been possible that administration of 
magnesium sulfate and hydralazine accounted for this 
increase. However, when each hypertensive group was 
analyzed for the type of intrapartum medications re- 
ceived (Table IV), the percentage of patients who re- 
ceived magnesium sulfate was nearly the same in each 
group, whereas the percentage of patients who received 
hydralazine did increase with increasing hypertension. 
The last finding suggests that although magnesium sul- 
fate does not appear to affect baseline, the conditions 
that make it necessary to administer hydralazine may 
influence baseline patterns. 

. The results of nonstress tests performed on each hy- 
pertensive group are listed in Table V. There were 
significantly more nonreactive tracings in patients in 
group 3 than in patients in group 1 or 2 (p < 0.005); 
in fact, 31% of all patients in group 3 were nonreactive, 
and there were two neonatal deaths among this group. 
In group 2 patients there was one neonatal death 
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Fig. 1. Incidence of FHR baseline alterations and frequency by severity of hypertension is shown 
in bars. Thin vertical stripes, group 1; dotted bars, group 2; thick oblique stripes, group 3. On left side 
alterations occur in significantly different proportions. On right baseline frequency is not different. 
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Fig. 2. Incidence of FHR baseline alterations associated with intrapartum administration of drugs. 
There are significant differences. Unlabeled bar, No medication; Mg, magnesium sulfate; H, hy- 
dralazine; S, sedatives. 
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Table IV. Drugs administered by group 
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] 326 165 (51%) 51 (16%) 17 (5%) 83 (25%) 10 (3%) 
2 253 87 (34%) 47 (19%) 28 (11%) 59 (23%) '32 (13%) 
3 87 5 (6%) 14 (16%) 37 (43%) 11 (13%) 20 (23%) 
TOTAL 666 257 (39%) 112 (17%) 82 (12%) 153 (23%) 62 (9%) 
df 6; p < 0.001. 
Table V. Nonstress test by hypertensive group 
100 91 (91%) 7 (7%) i 2 (2%) 
9 93 80 (86%) 9* (10%) 4 (4%) 
3 32 21 (66%) 107 (31%) 1 (3%) 
TOTAL 225 192 (85%) 26 (12%) 7 (3%) 
df 4; p < 0.005. 


*One neonatal death. 
+Two neonatal deaths. 


among the nine patients who had fetuses with non- 
reactive tracings. 

A total of 47 infants (7%) among all the study groups 
(including cesarean sections) were depressed at birth 
(Apgar score = 6 at 5 minutes). Among those who had 
intrapartum tracings, the incidence of late decelera- 
tions in the depressed group was significantly higher 
(24%) than in the group with Apgar scores = 7 at 5 
minutes (4%) (p < 0.005). There were no significant 
differences in baseline rate between the two infant 
groups. However, a higher percentage of infants with 
low Apgar scores dic have fixed baselines compared 
with those with Apgar scores = 7 (Table VI). These 
findings suggest that, as in normotensive pregnancies, 
the presence of abnormal FHR patterns can serve as a 
warning that the infant may be depressed at birth. The 
perinatal mortality rate was calculated for each group 
(Table VII: to assess the overall effect of the severity 
of hypertension on the fetus. A marked rise in perinatal - 
mortality was seen as the severity of hypertension in- 
creased. The more severely hypertensive groups (2 and 
3) accounted for 83% of all stillbirths and 69% of all 
neonatal deaths. Causes of death of the 16 infants were 
as follows: respiratory distress syndrome, seven; intra- 
cranial hemorrhages, eight; and sepsis, one. The peri- 
natal mortality rate for all patients who were delivered 
at Chicago-Lying In Hospital in 1980 and 1981 was 43 
per 1000; this included all deaths regardless of birth 
weight, and encompassed patients with a variety of 
high-risk conditions. There was one maternal] death in 
the study group in a patient with eclampsia at 26 weeks’ 
gestation who probably received an excessive dose of 
magnesium sulfate. 


Comment 


Intrapartum FHR patterns in term hypertensive 
pregnancies were previously reported by comparison 
with normotensive controls.’ In this study a comparison 
was made among groups of hypertensive gravid women 
to evaluate the effect of the degree of hypertension on 
the FHR patterns. A trend of higher incidence of late 
decelerations was seen among group 3 patients than 
among those with lower blood pressures. However, as 
in normotensive pregnancies, the presence of late de- 
celerations foretells difficulty for the fetus as demon- 
strated by the 24% of cases with Apgar scores = 6 at 5 
minutes that had late decelerations, significantly higher 
than among those with Apgar scores = 7 (only 4%). 

Higher blood pressure resulted in a trend toward an 
increasing percentage of fetuses who experienced in- 
trapartum tachycardia. A relative fetal tachycardia dur- 
ing the third trimester has been reported to occur be- 
fore the development of maternal hypertension.” A 
prospective analysis of the fetal heart rate from 15 to 
38 weeks’ gestation has shown a higher rate in those 
gestations in which hypertension ultimately devel- 
oped. However, no differences in the incidence of 
fetal tachycardia between hypertensive and normoten- 
sive gravid women at term has been previously re- 
ported.* The higher percentage of cases of fetal tachy- 
cardia with increasing blood pressure as shown in this 
study may not be a result of fetal distress but instead 
the higher incidence of preterm infants in the group 
3 patients (Table I). This suggestion is supported by 
the observation that the incidence of fetuses with tachy- 
cardia was the same in infants with Apgar scores = 6 
and those with higher scores. 


1178 Lenox, Uguru, and Cibils 


Table VI. FHR baseline changes and Apgar scores* 
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=6 22 13 (59%) 9 (41%) 0 
=7 408 337 (83%) 61 (15%) 10 (2%) 
TOTAL 430 350 (82%) 70 (16%) 10 (2%) 
2 df; p = 0.006: 
*In 17 cases the quality of tracing did not permit classification. 
Table VII. Perinatal mortality 
al 326 2 5 - 2] 
a 253 4 5 36 
3 87 6 6 138 
TOTAL 666 12 16 42 


Perinatal mortality in hospital, 1980 and 1981, 43/1000. 


The presence of a fixed baseline appears to portend 
an unfavorable prognosis for the newborn, as has been 
previously reported in normotensive’* and hyperten- 
sive pregnancies. The incidence of fetuses with fixed 
baseline increased significantly (p < 0.03) in parallel 
with the severity of the hypertension (Fig. 1). A sig- 
nificantly higher number of infants with Apgar 
scores = 6 also displayed that pattern, compared with 
those with higher scores (p < 0.006). The finding that 
neonatal death occurred only among infants who had 
nonreactive antenatal tracings was probably of equal 
importance. Although this last finding was not signif- 
icant, there was only a small number of infants to ana- 
lyze; perhaps with a larger number statistical signifi- 
cance would have been achieved. 

The intrapartum administration of magnesium sul- 
fate or sedatives (meperidine, morphine) was found to 
have little effect on the FHR patterns. The incidence 
of fetal tachycardia was insignificantly higher among 
those patients who received magnesium sulfate but, as 
previously reported,‘ the tachycardia probably pre- 
ceded the administration of the drug. The same pattern 
was observed among those patients who received sed- 
atives. This finding reflects the previously shown‘ neg- 
ligible effects of these drugs on FHR baseline fre- 
quency. Use of magnesium sulfate has been reported 
to increase,” decrease,'® or have no effect*t on FHR 
variability. The changes in variability, if any, caused by 
magnesium sulfate are probably transient as indicated 
by others’® ' because in this study only 23% of patients 
who received magnesium sulfate (164) had fixed base- 
line tracings (Fig. 2); the severity of hypertension was 
a more important factor in these patients than was the 
magnesium sulfate. Administration of hydralazine usu- 
ally does not cause changes in FHR patterns unless 
maternal hypotension is induced, resulting in late de- 


celerations. Patients who received hydralazine did have 
an increase in late decelerations and fixed baseline trac- 
ing (Fig. 2). This could have been related to the fact 
that the need to administer the antihypertensive agent 
increased as the severity of hypertension increased, as 
shown in Table IV. a 

The perinatal mortality rates for the study groups 
correlate well with previous publications® ° that have 
shown a corresponding increase in perinatal mortality 
as the mean arterial pressures rise. The increasing still- 
birth rate with increasing severity of hypertension, re- 
gardless of the cause, indicates that close attention must 
be paid during the antepartum period to the well-being 
of the fetus. The higher incidence of abnormal intra- 
partum FHR patterns, especially fixed baseline tracings 
or the presence of late decelerations, and the resultant 
increase in neonatal deaths in the more severely hy- 
pertensive patients indicates the need for extremely 
close monitoring of the fetus. It would be advisable to 
use a fetal scalp electrode and an intrauterine pressure 
catheter to obtain the most reliable monitoring tracing, 
and when abnormal FHR patterns are detected the fetal 
scalp pH should be assessed whenever possible. 

The following conclusions can be made on the basis 

of these findings. 

1. Continuous fetal heart rate monitoring, properly 
recorded and interpreted, may indicate the fe- 
tuses at higher risk in hypertensive conditions. 

2. A fixed baseline and late decelerations seem to be 
the two best predictors of a depressed neonate. 
Neonatal death was associated only with nonreac- 
tive NST. 

3. Nearly one half of patients with severe hyperten- 
sion were delivered prematurely, and more than 
one third were delivered by cesarean section. 

4. The overall incidence of cesarean section delivery 
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was 22%, many of which were repeat operations, 
whereas more than half the patients were deliv- 
ered spontaneously. 

. Drugs commonly used in management of hyper- 
tension do not predictably affect FHR patterns 


unless tney trigger maternal hemodynamic 


changes. 

6. The perinatal mortality among hypertensive pa- 
tients was similar to the overall perinatal mortality 
of the hospital. However, there was an eightfold 
increase in the severely hypertensive group. 

. Close antenatal and intrapartum surveillance may 
help to reduce the risks for both mother and 
infant. 
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Spontaneous infarction of placental chorioangioma and 
associated regression of hydrops fetalis 


Cynthia Chazotte, MD, Barbara Girz, DO, Mordecai Koenigsberg, MD, and 


Wayne R. Cohen, MD 


Bronx, New York 


We report a case of a large chorioangioma diagnosed prenatally with concomitant meconium peritonitis 
and hydrops fetalis in the second trimester. Spontaneous regression ofthe tumor occurred, associated 
with some resolution of the fetal hydrops and delivery near term with good neonatal outcome. (Am J 


Osstet GyNecoL 1990;163:1180-1.) 


Key words: Chorioangioma, meconium peritonitis, nonimmunologic hydrops 


Chorioangioma is the most common primary tumor 
of the human placenta. Nonimmunologic hydrops fe- 
talis is a serious fetal complication associated with this 
neoplasm.’ We diagnosed a large chorioangioma by ul- 
trasonography in the second trimester that was asso- 
ciated with meconium peritonitis and hydrops fetalis. 
Spontaneous resolution of the tumor coincident with 
some resolution of the hydrops occurred. 


Case report 
A 24-year-old woman (gravida 3, para 0-1-1-1), was 
referred for fetal ultrasonographic examination at 20 


weeks’ gestation because of maternal congenital heart — 


disease. The mother was Rh-negative without antibod- 
ies. The VDRL test was negative, and there was no 
history suggestive of other TORCH infections. Pre- 
vious pregnancies resulted in a spontaneous first- 
trimester abortion and a vaginal delivery of a healthy 
infant at 36 weeks’ gestation. _ 

Ultrasonography revealed fetal measurements con- 
sistent with gestational age, no identifiable anomalies, 
and normal amniotic fluid volume. The posterior pla- 
centa had a localized area of thickening, which was 
thought to possibly be a chorioangioma. Repeat ultra- 
sonography at 23 weeks’ gestation showed obvious 
hydramnios, with placental and fetal subcutaneous 
edema, ascites, and a highly echogenic intraabdominal 
region (Fig. 1). A5 x 6.5 x 5.5cmchorioangioma was 
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recognizable on the fetal surface of the placenta. The 
patient elected to continue the pregnancy but declined 
to allow any diagnostic or therapeutic interventions. 

Subsequent serial ultrasonographic examinations 
every 10 to 14 days showed gradual regression of the 
placental tumor and fetal subcutaneous edema, but 
persistent fetal ascites and echogenic regions. Nonstress 
tests performed semiweekly beginning at 29 weeks’ ges- 
tation were always reactive. Delivery of a 3300 gm in- 
fant with Apgar scores of 7 and 8 at 1 and 5 minutes, 
respectively, occurred at 35 weeks’ gestation after spon- 
taneous rupture of membranes. There was no evidence 
of coagulopathy or anemia at birth. Postnatal ultrason- 
ographic and x-ray examinations confirmed ascites and 
calcifications in the abdomen consistent with meconium 
peritonitis. There were no perforations seen on gas- 
trointestinal series. The infant had a normal neonatal 
course including normal gastrointestinal function, with 
resolution of his ascites. He has had normal growth and 
development in the first year of life. The 620 gm pla- 
centa had a 5 x 5 cm soft, friable lesion on the fetal 
surface near the cord insertion. Histologic examination 
of this area was consistent with focal infarction of a 
preexisting chorioangioma. 


Comment 


Hydrops fetalis of any cause is generally associated 
with an adverse prognosis and often prompts early de- 
livery or even induced abortion. Both chorioangioma 
and meconium peritonitis have been found in associ- 
ation with this entity.>? In this case both conditions 
could have contributed to the hydrops. However, al- 
though meconium peritonitis may explain the ascites 
and polyhydramnios, it is unlikely that it would cause 
subcutaneous or placental edema. It is not clear 
whether the presence of the chorioangioma and me- 
conium peritonitis was coincidental. It is possible that 
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Fig. 1. Left, ultrasonogram of gravid uterus with transverse scan through fetal abdomen. There is 
evidence of fetal ascites (A) and subcutaneous edema (arrows). Note echogenic regions on the in- 


traabdominal viscera. There is also evidence of polyhydramnios. Right, ultrasonogram of posterior 


placenta near the cord insertion. Note heterogeneous region (arrows) consistent with chorioangioma. 


Fetal vein courses over tumor. 


the meconium peritonitis may have been caused by a 
vascular thrombosis in the developing gastrointestinal 
tract, related to the chorioangioma. This possibility is 
supported by the fact that the tumor was a degenerative 
chorioangioma, a histologic variant frequently associ- 
ated with intravascular thrombosis and infarction. 
This case is significant in two respects. First, we ob- 
served the spontaneous infarction and gradual regres- 
sion of a large chorioangioma with ultrasound imaging. 
Second, we demonstrated a partial resolution of patho- 


logic fetal fluid associated with the regression of the 


angioma. Thus the prognosis for the hydropic fetus in 
the second trimester is not necessarily poor when a 
chorioangioma or meconium peritonitis has been iden- 
tified. 
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Ovarian pregnancy: A report of twenty cases in one institution 


Arieh Raziel, MD, Abraham Golan, MD, Mordechai Pansky, MD, Raphael Ron-El, MD, 


Ian Bukovsky, MD, and Eliahu Caspi, MD 
Tel Aviv, Israel 


A series of 20 cases of primary ovarian pregnancy that were diagnosed and treated in one institution is 
reported. The prevalence rate of 1:3600 deliveries seems to be increasing in past years and comprises 
3.3% of all extrauterine pregnancies. Clinical presentation, possible pathogenesis, diagnostic steps, 
preferred management, and future fertility are detailed. Inasmuch as all our 18 fertile patients used an 
intrauterine contraceptive device before the operation, special emphasis is made on the controversial 
relationship between use of intrauterine contraceptive devices and ovarian pregnancy. (Am J OBSTET 


GYNECOL 1990;163:1182-5.) 


Key words: Ovarian pregnancy 


Primary ovarian pregnancy is one of the rarest types 
of extrauterine pregnancy. It is reported as 1: 7000 to 
40,000 deliveries and <3% of all ectopic gestations.'* 
Because of the increased vascularity of the ovarian tis- 
sue, Ovarian pregnancy usually is first seen with non- 
specific signs and symptoms of ectopic pregnancy, often 
with hemoperitoneum that requires emergency sur- 
gery. With few exceptions, the suggestive initial diag- 
nosis is made on the operating table and the final di- 
agnosis only by histopathology on the basis of the four 
Spiegelberg criteria’ establishing that the pregnancy is 
limited to the ovary and does not involve the tube. As 
such, great interest has always been focused on attempts 
to suggest the diagnosis of ovarian pregnancy preoper- 
atively.” The evidence that the intrauterine contracep- 
tive device (IUD) is involved in the pathogenesis of this 
rare but challenging condition continues to increase.”'° 

In this study we report a series of 20 cases of primary 
ovarian pregnancy, all diagnosed and treated in one 
institution. The prevalence, presentation, possible 
pathogenesis, relation to the IUD, treatment, and re- 
sults are discussed. 


Material and methods 


The medical records of 20 cases of ovarian pregnancy 
that occurred during a 19-year period (1971 to 1989) 
at Assaf Harofeh Medical Center, Zerifin, Israel, are 
reviewed. Pertinent data on each of the patients first 
seen before surgery are summarized in Table I. 
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Results 


During these years there were 75,272 deliveries, of 
which 637 were ectopic pregnancies, comprising 0.85% 
of the total number of deliveries. A total of 21 cases 
(3.3%) of ectopic pregnancies were primary ovarian 
pregnancies for prevalence rate of 1:3600 deliveries. 
The prevalence is not constant but seems to be increas- 
ing, inasmuch as 10 cases occurred between 1971 to 
1984 and 11 cases between 1985 to 1989, constituting 
a prevalence rate of 1:2100 in the past 5 years. One 
case that occurred in 1986 was included for prevalence 
calculation but was excluded from the series because 
of incomplete records. No particular past illness was 
reported. Four of the 21 patients had undergone ab- 
dominal surgery: three appendectomies and one ex- 
plorative laparotomy after a road accident. A total of 
90% of the women were multiparous with a mean age 
of 28 years (range, 20 to 34 years). The rate of asso- 
ciated use of IUD was extremely high, 18 of the 20 
patients. The remaining two patients were nulligravid, 
one patient with | 1-year primary infertility because of 
male factor and the second patient with 2 years of unex- 
plained infertility. In fact, there was no case of ovarian 
pregnancy associated with a fertile woman who did not 
use an IUD. Signs and symptoms are detailed in Table 
II. Abdominal pain was present in almost all cases (95%) 
combined with menstrual irregularity (70%). Circula- 
tory collapse occurred in six patients (30%). Other signs 
and symptoms are similar to those recorded in other 
tubal pregnancies. The mean duration from the last 
menstrual period to surgery was 6.3 weeks (range, 5 
to 7.5 weeks). All cases since 1982 (13 of 20) had 
quantitative serum human chorionic gonadotropin B- 
subunit (8-hCG) determinations. In five patients the B- 
hCG level was <250 mIU/ml. The lowest value mea- 
sured was 53 mIU/ml. 
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Table I. Patient’s age, previous history, parity, and contraception history 








Past illness 





Case no. 


| 1971 25 Rheumatic fever 
2 1974 24 — 
3 1975 30 — 
4 1975 34 Active asthma 
5 1976 20 — 
6 1976 24 — 
7 1979 28 — 
8 1982 32 — 
9 1983 24.5 — 
10 1984 30 — 
1] 1985 25 shies 
12 1985 33 — 
13 1985 23 — 
14 1986 24 — 
15 1987 32 Hashimoto thy- 
roiditis 
16 1987 24 — 
17 1988 33 — 
18 1988 28 — 
19 1989 33 — 
20 1989 32 — 


Abdominal surgery 








— 2 IUD 6 

— l IUD 12 
Appendectomy 2 IUD 9 
— 4 IUD 24 

“= — Infertility— 24 

unexplained 

— 2 IUD 18 

-— 3 IUD 36 

— 3 IUD 12 

— l IUD 30 

— l IUD 4 
Laparotomy— road 2 IUD 24 

accident 

Appendectomy 3 IUD 12 
— 2 IUD 12 

— 2 IUD 36 

— 2 IUD 54 

— 3 IUD 24 

— — Infertility— 132 

male factor 

Appendectomy 2 IUD 36 
— 3 IUD 6 

—- 3 IUD 30 





Surgical data including preoperative diagnosis, di- 
agnostic procedures, operative diagnosis, and manage- 
ment are shown in Table III. Thirteen patients (65%) 
were suspected of having an ectopic pregnancy. Three 
(15%) were diagnosed as having a ruptured corpus lu- 
teum. Ovarian pregnancy was incidentally found in two 
cases: one at laparoscopy for suspected pelvic inflam- 
matory disease and one at laparotomy for an acute 
abdomen not being aware of her pregnancy (before the 
era of B-hCG measurements). A Douglas puncture was 
performed in 12 of 20 cases (60%). Laparotomy fol- 
lowed a laparoscopic examination in nine patients 
(45%) and was directly performed without laparoscopy 
in 11 patients (55%). These laparotomies were pre- 
ceded by a Douglas puncture in nine patients (82%). 
The ovarian pregnancy was equally distributed, 11 in 
the right ovary and nine in the left. Endometriotic im- 
plants were not found in any case. Estimated blood loss 
of =500 ml was found in 60% of patients. Blood trans- 
fusion was necessary in 35% of cases. Ovarian wedge 
resection was the most frequent surgical procedure per- 
formed (75%). In two of the patients who underwent 
salpingo-oophorectomy, tubal ligation was carried out 
for sterilization at the patients’ preoperative request. 
Appendectomy was not frequently performed (15%). 
In no case was oophorectomy performed as a sole pro- 
cedure. The final diagnosis was established by the his- 
topathologic examination according to Spiegelberg’s 
principles.’ 


Table II. Clinical presentations 


Spt z 


Abdominal pain 19/20 95 
Menstrual irregularity 14/20 70 
Palpable adnexal mass 8/20 40 
Circulatory collapse 6/20 30 


Of the 18 fertile patients, four were lost to follow- 
up and six used various methods of contraception so 
that fertility could be followed up in only eight patients 
(40%). Of these, one had a tubal pregnancy and seven 
had uneventful intrauterine pregnancies. 


Comment 


An increase in the reported prevalence of ovarian 
pregnancies was published in recent years.'' '? Grimes 
reported on one ovarian pregnancy per 7000 deliveries 
and <3% of all ectopic pregnancies.* This corresponds 
well with our reported prevalence. It is not absolutely 
clear whether this is a true increase in prevalence or 
simply diagnosis of more ovarian pregnancies as a re- 
sult of more awareness of this rare ectopic site, more 
tissue biopsy specimens from bleeding ovaries sent for 
histopathologic examination, and probably an early di- 
agnosis of cases that would have otherwise resolved 
spontaneously, as happens in a certain proportion of 
tubal pregnancies.’ 
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Table III. eens and surgical ee 






Estimated Blood 
blood loss Surgical procedure transfusion 
l Laparoscopy Right OP Right WR + ap- — 
pendectomy 
2 EP — Leit OP — Left WR + ap- — 
pendectomy 
3 EP Laparoscopy + Right rup- Active RSO l 
curettage tured CL bleed- 
ing 
4 Acute ab- DP Left OP 300 LSO + Pomeroy — 
domen 
5 Acute ab- DP Right OP 2000 Right WR 4 
domen 
6 EP DP Left OP 700 Left WR 2 
7 EP DP Left OP 700 LSO + Pomeroy 2 
8 Bleeding DP Left OP 2000 LSO + appen- 2 
CL dectomy 
9 EP DP Right OP Active Right WR — 
bleed- 
ing 
10 EP DP Left OP 500 Left WR — 
11 Bleeding DP Right rup- 1000 Right WR 2 
CL tured CL 
12 PID Laparoscopy + Right OP 400 Right WR — 
curettage 
13 Left ovar- — Right OP + 150 Right WR + — 
ian cyst Left ovar- Left cyst- 
ian cyst ectomy 
14 Bleeding DP + lapa- Right rup- 1000 Right WR — 
CL roscopy tured CL 
15 EP DP Right OP 1500 Right WR — 
16 EP DP + lapa- Left OP 200 Left WR — 
roscopy 
17 EP Laparoscopy Right OP 200 Right WR : — 
18 EP Laparoscopy Left OP 500 Left WR — 
19 EP DP + laparos- Right OP 100 Right WR — 
copy 
20 EP Laparoscopy Left OP 800 LSO — 





OP, Ovarian pregnancy; DP, Douglas puncture; EP, ectopic pregnancy; CL, corpus luteum; PID, pelvic inflammatory disease; 


WR, wedge resection; LSO, left salpingo-oophorectomy; RSO, right salpingo-oophorectomy. 


Early quantitative serum B-hCG measurements, early 
pelvic ultrasonography, and particularly use of the va- 
ginal probe showing “empty” uterus combined with 
symptomatology of ectopic pregnancy lead to more la- 
paroscopies to find the site of ectopic gestation. An 
intact fallopian tube at laparoscopy with hemorrhagic 
ovary require a laparotomy and at least a wedge resec- 
tion and hemostatic suturing. 

The cause of primary ovarian pregnancy remains 
obscure. Boronow™ concludes that chance is the rea- 
sonable explanation of ovarian pregnancies. Other hy- 
potheses have suggested interference in the release of 
the ovum from the ruptured follicle, malfunction of 
the tubes, inflammatory thickening of the tunica al- 
buginea, and parthenogenesis. In contrast to patients 
with tubal pregnancies, those with ovarian pregnancies 
very seldom have a history of pelvic inflammatory dis- 
ease. In our series, no woman reported a past pelvic 
inflammatory disease, and at surgery we rarely found 
pelvic adhesions. Similar findings were reported by 


Sandevi et al. and Chilanda," but are in contradiction — 
with Grimes et al.‘ who reported a previous reproduc- 
tive system pathology or infertility in more than half 
their 24 cases. 

The relationship between the IUD use and ovarian 
pregnancy is not new, but is very controversial. In 1970 
Lehfeldt’® conducted a survey of women who became 
pregnant while using an IUD and by simple mathematic 
extrapolation concluded that the IUD prevents im- 
plantation in the uterus with 99.5% effectiveness and 
in the tube with 99%, but that it has no effect on ovarian 
implantation. Grimes et al.,* in their literature overview 
until 1983, reported on =25% concurrent use of an 
IUD and ovarian pregnancy. Seventeen cases of 25 
(68%) had an IUD in situ in Sandevi's recent study 
published in 1987.'° In our series, 18 of 20 women 
(90%) had an IUD in situ when ovarian pregnancy was 
diagnosed, with an average duration of use of 2 years 
and a range of 6 to 54 months. The remaining two 
women were infertile before and remained so after 
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surgery. Thus all the fertile women in our series used 
an IUD at the occurrence of ovarian pregnancy. This 
fact strongly suggests that the IUD is somehow involved 
in the pathophysiology of ovarian pregnancy. Ovarian 
endometriosis does not seem to be an important caus- 
ative factor, inasmuch as we found no evidence of the 
disease in any of our cases. This was also confirmed by 
others.” 

Most ovarian pregnancies are symptomatic with ab- 
dominal pain being the most frequent sign along with 
menstrual irregularity. There was only one asymptom- 
atic case in our series in which the ovarian pregnancy 
was associated with a contralateral torted ovarian cyst 
that could have masked the clinical presentation of the 
ovarian pregnancy. 

The clinical presentation is usually more dramatic 
than that in tubal pregnancies. Because of the increased 
vascularity of the ovarian tissue and the growing ges- 
tation, rupture of the ovary and hemoperitoneum usu- 
ally occur. Circulatory collapse may ensue rapidly (30% 
in our series) and even when the circulating system still 
holds, signs and symptoms of acute hemoperitoneum 
may become evident and immediate laparotomy is in- 
dicated, as in the majority of our patients. A Douglas 
puncture seems to be an important diagnostic tool. He- 
moperitoneum was found in 95% of our cases with an 
average blood loss of 730 ml. Grimes et al." reported 
that the prevalence of rupture among the ovarian preg- 
nancies in his series was 91.6% and the average blood 
loss was 885 ml. 

With the improvement of ultrasonographic skill and 
instrumentation, especially the vaginal probe, ovarian 
pregnancy has been recently demonstrated preopera- 
tively.'* '7 A live embryo within the ovary was demon- 
strated in one of our cases (no. 8), but because of clinical 
signs of shock there was no time for ultrasonographic 
examination. Despite the limited aid of ultrasonogra- 
phy in preoperative diagnosis in this series, we believe 
that vaginal ultrasonography may potentially be a very 
helpful diagnostic tool. 

No case of repeat ovarian pregnancy has been re- 
ported in contrast to the approximate 15% recurrent 
tubal pregnancy rate.'* In contrast to the tube, rupture 
of the ovary is a frequent phenomenon occurring pe- 
riodically at ovulation. In view of this and the fact that 
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seven intrauterine pregnancies were reported among 
the eight fertile patients after surgery, we agree with 
Portuondo” and others who believe that fertility after 
an ovarian pregnancy remains unmodified. 
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Biparietal diameter/femur length ratio and nuchal thickness were found to be sensitive indicators for the 
prenatal detection of trisomy 18 and trisomy 21. A biparietal diameter/femur length ratio >1.5 SD above 
the control mean correctly identified 5 of 11 (46%) fetuses with trisomy 21 and 3 of 4 (75%) fetuses with 
trisomy 18. Nuchal thickening (6 mm or more) correctly identified 5 of 12 (41%) fetuses with trisomy 21 
and 2 of 4 (50%) fetuses with trisomy 18. The sensitivity and specificity of the biparietal diameter/femur 
length ratio in detecting either aneuploidy was 53% and 93%, respectively, whereas a thickened nuchal 
fold had a sensitivity of 44% and a specificity of 100%. The combined use of the two ultrasonographic 
measurements had an overall sensitivity of 81% and a specificity of 93%. Prospective ascertainment of 
these two trisomies appears warranted in low-risk populations. (Am J OBsTET GYNECOL 1990;163:1 186-90.) 
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Prenatal genetic studies to detect chromosomally ab- 
normal conceptions have generally been limited to 
women of advanced maternal age and those who have 
experienced a previous conception with a chromosomal 
aberration. However, it is young mothers with com- 
pletely normal pregnancy histories who subsequently 
are delivered of the largest number of chromosomally 
abnormal newborns. Although their individual risk for 
such an occurrence is very small, women younger than 
34 years of age have >80% of all affected pregnancies. 
For this reason less than 20% of all trisomy 21 preg- 
nancies could potentially be detected prenatally by 
means of chorionic villus sampling or amniocentesis. 

An important benefit to the screening of pregnancies 
for open neural tube defects is the recognition that a 
low concentration of maternal serum a-fetoprotein 
(AFP) may be associated with trisomy 21.? Critical 
assessment of the effectiveness of these screening 
programs reveals their disappointing low sensitivity 
(12% to 21%) as well as high false-positive rate (7% to 
9%).2 3 

Recently the combination of maternal serum AFP, B- 
subunit human chorionic gonadotropin, and serum es- 
triol have shown promise for greater detection of Down 
syndrome than maternal serum AFP alone.*® 


From the Reproductive and Medical Genetics Section, Department of 
Obstetrics and Gynecology, Illinois Masonic Medical Center. 
Received for publication August 7, 1989; revised March 9, 1990; 
accepted June 2, 1990. 

Reprint requests: Norman Ginsberg, MD, 30 N. Michigan Ave., 
Chicago, IL 60602. 

6/1/22875 


1186 


It has been reported that biparietal diameter/femur 
length ratio and nuchal skin thickness measurements 
can identify 50% to 70% of trisomy 21 pregnancies in 
the second trimester,” * but this has beer disputed.” ' 
This study confirmed that a combination of both mea- 
surements may be the most sensitive, noninvasive ap- 
proach to the prenatal identification of trisomy 21 and 
can be successfully applied to the detection of trisomy 
18 as well. 


Material and methods 


The ultrasonographic equipment used in this study 
consisted of an ATL Ultramark-4, Diasonics Wide Vu, 
and Acuson-128. All transducers were 3.5 mHz with a 
combination of arc sector and linear array. 

The study group consisted of 12 cases of trisomy 21 
and four cases of trisomy 18 previously diagnosed by 
amniocentesis. The control group comprised 212 ran- 
domly selected cases with a normal karyotype as de- 
termined by chorionic villus sampling or amniocentesis. 
The control group was used to establish a gestational 
curve for the biparietal diameter/femur length ratio. 
The control group biparietal diameter/femur length 
ratio then became the basis for comparison against the 
trisomic fetuses. The criteria for inclusion into the con- 
trol group were either a first-trimester ultrasono- 
graphic evaluation confirming gestational age (deter- 
mined by crown-rump length), or a second-trimester 
ultrasonographic evaluation confirming that the ges- 
tational age did not vary from the stated menstrual age 
by more than 1.5 weeks (determined by biparietal di- 
ameter and femur length measurements).'' '* All pa- 
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tients who underwent chorionic villus sampling had a 
similar ultrasonographic evaluation as those undergo- 
ing amniocentesis. 

The biparietal diameter was measured with elec- 
tronic calipers from leading edge to leading edge at the 
level of the thalami. The femus was measured in a plane 
that visualized the greater trochanter to the end of the 
ossified shaft. When there was a question regarding the 
exact placement of the markings by the electronic cal- 
ipers, the acoustical shadow created by the ossified bone 
was used. For each of the trisomies the number of cases 
with a biparietal diameter/femur length ratio >1.5 SDs 
above the mean of the control for a given gestational 
age was determined. The selection of 1.5 SD above the 


mean of the controls was used to confirm the work of 


Lockwood et al.’ as well as to check its applicability to 
trisomy 18. 

The nuchal thickness was measured at both the level 
of the occiput, at the midpoint of the cerebellum in the 
transverse plane, as well as in the dorsal midsagittal 
plane at the same level, and was considered abnormal 
if >6 mm. One case of trisomy 21 was not included in 
the biparietal diameter/femur length analysis because 
the length of the femur was not measured in the orig- 
inal ultrasonographic evaluation; it was included in the 
analysis of nuchal thickness. 

All abnormal cases were independently evaluated 
from videotapes by two of the authors (N. G. and 
A. C.) to assure measurement accuracy. Any differences 
in measurement were reevaluated and based on this 
review. Two femur length measurements were changed 
and one previously undiagnosed nuchal thickening was 
detected. The control group was also reviewed and no 
changes were made. 


Results 


The control value data are summarized in Table I. 
A biparietal diameter/femur length ratio >1.5 SDs 
above the control population mean was present in five 
of 11 (46%) fetuses with trisomy 21 and three of four 
(75%) fetuses with trisomy 18; there were 14 fetuses 
(6.6%) whose biparietal diameter/femur length ratios 
exceeded 1.5 SDs from their respective ratio means in 
the control population. 

Five of the 12 (41%) fetuses with trisomy 21 and two 
of four (50%) fetuses with trisomy 18 had thickened 
(>6 mm) nuchal folds. There were no cases of occipital 
nuchal thickening =6 mm in the 212 fetuses that com- 
prised the normal population. 

If the data on the biparietal diameter/femur length 
ratio are combined with those of fetuses with a thick- 
ened nuchal fold nine of 12 (75%) fetuses with trisomy 
21 and all four fetuses with trisomy 18 are identified, 
with a false-positive rate of 6.6%. 
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Table I. Control value for normal biparietal 


diameter/femur length ratio 






Gestational 









Normal biparietal diameter! femur 





age (wk) length ratio (mean + 1.5 SD) 
14 1.96 
15 1.83 
16 1.72 
17 1.66 
18 1.65 
19 1.63 
20 1.64 


The sensitivity (true-positive results) and specificity 
(true-negative results) of the two ultrasonographic 
measurements in the detection of either aneuploidy of 
chromosome 18 or 21 are summarized in Table II. The 
sensitivity and specificity of the biparietal diameter/fe- 
mur length ratio was 53% and 93%, respectively. A 
thickened nuchal fold had a sensitivity of 44% and a 
specificity of 100%. The combined use of the two ul- 
trasonographic measurements had an overall sensitivity 
of 81% and a specificity of 93%. 


Comment 


The biparietal diameter/femur length ratio and oc- 
cipital nuchal thickness measurements can be used to 
detect a significant number of trisomic fetuses. When 
the biparietal diameter/femur length ratio with a 1.5 
SD cut-off was applied, 75% of the fetuses with trisomy 
18 were detected. A nuchal thickening of =6 mm was 
present in 50% of the fetuses with trisomy 18. By com- 
bining the use of these ultrasonic measurements, all 
four of these chromosomally abnormal fetuses were 
identified between 14 and 17 weeks’ gestation. 

The results of this study demonstrated remarkable 
agreement with those previously reported by Lockwood 
et al.” and Benacerraf et al.* despite the fact that each 
study established different normal values for the bi- 
parietal diameter/femur length ratio for each week of 
gestation. This strengthened the recommendation that 
each investigator needs to establish his or her own set 
of normal biparietal diameter/femur length ratios, 
which is dependent on their ultrasonographic equip- 
ment and their measurement techniques.’ 

The value of nuchal thickening in identifying fetuses 
with trisomy 21 in the second trimester of pregnancy 
has been questioned.” In this study a nuchal thickening 
of =6 mm was uniformly associated with aneuploidy 
and, in contrast to the previous report to Toi et al.,” 
there were no false positives in the control group. 
Moreover, the demonstration of nuchal thickening was 
clearly more indicative of the presence of a chromo- 
somal abnormality than was a biparietal diameter/fe- 
mur length ratio >1.5 SDs from the control mean. Mea- 
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Fig. 1. Nuchal thickening at the level of the cerebellum. Arrows indicate skin line wrapping around 


parietal temporal complex. 


Table II. Distribution of normal and abnormal biparietal diameter/femur length ratios and nuchal 


thickness for aneuploid (trisomies 18 and 21) and normal fetuses 


A neuploid fetuses Normal fetuses 





Biparietal diameter/femur length 
Abnormal* 
Normal 


Nuchal thickness 
Abnormal? 
Normal 


One or more signs 
Abnormal 
Normal 


5 14 

7 198 
(Sensitivity 53%) (Specificity 93%) 

vi 0 

9 212 
(Sensitivity 44%) (Specificity 100%) 

13 14 

3 1983 
(Sensitivity 81%) (Specificity 93%) 


III aaa 


*Ratio value > 1.5 SDs from normal mean. 
+Nuchal thickness > 6 mm. 


surement was taken in a plane at the level of the occiput, 
as described by Benacerraf et al.'* from the outer skin 
line to the outer edge of the occipital bone. A thickened 
curvilinear extension of the skin line toward the level 
of the convexity of the parietal temporal complex (Fig. 


l) associated with the abnormal thickening. This cur- 
vilinear line should not be confused with the head abut- 
ting against the amniotic membrane, particularly when 
there is an ultrasonographically residual chorioam- 
niotic space. If there was any question as to whether 
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Fig. 2. Nuchal thickening in the dorsal midsagittal plane. Arrows point to skin line. Hypoechoic area 


represen ts areolar edema. 


the measured thickening was actually present, the fetus 
was examined in the dorsal midsagittal plane (Fig. 2). 
When the angle of the transducer was caudal to a line 
drawn from the lower margin of the orbit to the au- 
ricular point and extended to the center of the occipital 
bone (Reid's baseline), this plane ruled out any false- 
positive findings. The fetus, when viewed in the dor- 
sal midsagittal plane with high-resolution ultrasono- 
graphic equipment, usually demonstrated a double line 
in the region of the nuchal thickening. This skin line 
was a hypoechoic stripe that represented edematous 
areolar tissue; below this the muscles of the neck were 
seen. This hypoechoic area added to the thickening in 
the nuchal region. With the head in normal flexion, 
the skin bulges at the occiput even if the double line 
cannot be seen in the dorsal midsagittal plane. 

It has been suggested that all pregnant women be 
screened during the second trimester for trisomy 21,° 
although caution has been urged in making such a prac- 
tice widespread." 

The positive predictive value of biparietal diame- 
ter/femur length ratio and nuchal thickness is an es- 
timate of the probability that a fetus identified by these 


ultrasonic measurements as having a high risk of tri- 
somy 21 or 18 actually is aneuploid for one of these 
chromosomes. The general population incidence for 
trisomy 21 and 18 at term is 1 per 1000 and 1 per 7407, 
respectively, whereas the fetal loss rate between the 
second trimester and term is 29% and 67%, respec- 
tively.'* '® The resulting positive predictive value in this 
study would be 1/47. Thus 46 amniocenteses on chro- 
mosomally normal gestations would be necessary for 
each diagnosis of either trisomy 18 or 21. Amniocen- 
tesis currently is performed for advanced maternal age 
when the risk of a live-born infant with trisomy 21 is 
1/385" and for a low maternal serum AFP value when 
the risk of a second-trimester gestation with trisomy 21 
is | per 250." Therefore about one eighth to one third 
as many ammniocenteses generated from ultrasono- 
graphic screening evaluations are required to detect 
either trisomy 18 or 21 compared with advanced ma- 
ternal age and low maternal serum AFP level. Ultra- 
sonography is noninvasive and widely available in the 
United States; such screening would not require ex- 
tensive technical training or the use of overly expensive 


ultrasonographic equipment. Finally, we estimate that 
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a program of ultrasonographic screening and follow- 
up amniocentesis in a low-risk population would cost 
approximately $150,000 to detect one case of trisomy 
18 or 21, or about $100,000 less than the cost per case 
when amniocentesis is performed for advanced mater- 
nal age or low maternal serum AFP level. 

If the approach described in this article were to be 
widely applied, it might be possible to considerably re- 
duce the number of undiagnosed trisomies before de- 
livery. This approach may be particularly helpful in 
cases with a low maternal serum AFP level to decide 
the most appropriate management plan. 

Prospective ascertainment of trisomies 18 and 21 now 
appears warranted to determine if ultrasonographic 
evaluation would effectively predict chromosomally ab- 
normal gestations in low-risk populations. The possi- 
bility that trisomy 13 gestations might also be identified 
by ultrasonographic assessment of biparietal diame- 
ter/femur length ratio and nuchal thickness should 
likewise be investigated. 
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INDICATIONS AND USAGE: For management of endometriosis. Experience is limited to women 18 years and olde 
treated for 6 months. 

CONTRAINDICATIONS: Hypersensitivity to GnRH, GnRH agonist analogs or any excipients in SYNAREL; undia 
nosed abnormal vaginal bleeding; pregnancy or possibility of pregnancy while taking the drug because SYNAREL ma 
cause fetal harm when administered to a pregnant woman. If SYNAREL is used during pregnancy or if the patien 
becomes pregnant while taking this drug, she should be apprised of the potential hazard to the fetus; use in women whi 
are breast feeding 

WARNINGS: Safe use in pregnancy has not been established clinically. Before starting treatment prej 
nancy must be excluded. 

When used regularly at the recommended dose, SYNAREL usually inhibits ovulation and stops menstruation. Contr 
ception is not insured, particularly if patients miss successive doses. Therefore, patients should use nonhormonal co 
traception. Advise patients to see their physician if they believe they may be pregnant. If a patient becomes pregnar 
during treatment, discontinue the drug; apprise patient of the potential risk to the fetus. 

PRECAUTIONS Information for Patients: 1. Since menstruation should stop with SYNAREL, the patient shoul 
notify her physician if reqular menstruation persists. Patients missing successive doses may experience breakthroug 
bleeding 

2. Patients should not use SYNAREL if pregnant, breast feeding, have undiagnosed abnormal vaginal bleeding, or ar 
allergic to any of its ingredients. 

3. Safe use in pregnancy has not been established. Therefore, a nonhormonal method of contraception should b 
used during treatment. If a patient becomes pregnant during treatment, she should discontinue the drug and consu 
her physician. 

4 Adverse events occurring most frequently in clinical studies are associated with hypoestrogenism. Nasal irritatio 
occurred in about 10% of patients. 

5. Induced hypoestrogenic state results in a small loss in bone density over a 6-month treatment course. Some of thi 
loss may not be reversible. During one six-month treatment period, this should not be important. In patients with majc 
risk factors for decreased bone mineral content, i.e., chronic alcohol and/or tobacco use, strong family history ¢ 
osteoporosis, or chronic use of drugs that can reduce bone mass such as anticonvulsants or corticosteroids, SYNARE 
may pose additional risk. In these patients risks and benefits must be weighed carefully. Repeated courses of treatmer 
with GnRH analogs are not advisable in patients with major risk factors for loss of bone mineral content. 

6. Patients with intercurrent rhinitis should consult their physician for use of a topical nasal decongestant. If a topic: 
nasal decongestant is required during treatment, it must be used at least 30 minutes after SYNAREL dosing to decreas 
the possibility of reducing drug absorption. 

7. Retreatment cannot be recommended since safety data beyond 6 months are not available 

Drug Interactions: No pharmacokinetic-based drug-drug interaction studies have been conducted. Nafarelin acetal 
is a peptide primarily degraded by peptidase and not by cytochrome P-450 enzymes, and is only about 80% bound t 
plasma proteins at 4°C; therefore drug interactions would not be expected to occur 

Drug/Laboratory Test Interactions: SYNAREL in therapeutic doses suppresses the pituitary-gonadal system. Nc 
mal function is usually restored 4-8 weeks after treatment is discontinued. Therefore, diagnostic tests of pituitar 
gonadotropic and gonadal functions during treatment and up to 4-8 weeks after discontinuation of SYNAREL may b 
misleading. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenicity studies were conducted in rats an 
mice at intramuscular doses up to 110 times and 560 times the maximum recommended human intranasal dos 
respectively. These multiples of the human dose are based on the relative bioavailability of the drug by the two routes c 
administration. As with other GnRH agonists, nafarelin acetate given to laboratory rodents at high doses for prolonge 
periods induced hyperplasia and/or neoplasia of endocrine organs. At 24 months, there was an increase in the incidenc 
of pituitary tumors (adenoma/carcinoma) in high-dose female rats and a dose-related increase in male rats. There wa 
an increase in pancreatic islet cell adenomas in both sexes, and in benign testicular and ovarian tumors in the treate 
groups. There was a dose-related increase in benign adrenal medullary tumors in treated female rats. In mice, there wa 
a dose-related increase in Harderian gland tumors in males and an increase in pituitary adenomas in high-dose female 
No metastases of these tumors were observed. It is known that tumorigenicity in rodents is particularly sensitive t 
hormonal stimulation. 

Mutagenicity studies using bacterial, yeast, and mammalian systems provided no evidence of mutagenic potenti: 

Reproduction studies in male and female rats have shown full reversibility of fertility suppression when treatment wa 
discontinued after continuous administration for up to 6 months. 

Pregnancy, Teratogenic Effects: Pregnancy Category X. Intramuscular SYNAREL was administered to rat 
throughout gestation at about 0.5, 2, and 7 times the maximum recommended human intranasal dose based on th 
relative bioavailability by the two routes of administration. An increase in major fetal abnormalities was seen in 4/8 
fetuses at the highest dose. A similar study at the same doses in rats and studies in mice and rabbits at doses up to 60 
ug/kg/day and 0.18 .g/kg/day, respectively, failed to demonstrate an increase in fetal abnormalities after administratio 
throughout gestation. In rats and rabbits, there was a dose-related increase in fetal mortality and a decrease in feti 
weight with the highest dose. 

Nursing Mothers: It is not known whether SYNAREL is excreted in human milk. Because many drugs are excreted i 
human milk, and because the effects of SYNAREL on lactation and/or the breastfed child have not been determine: 
SYNAREL should not be used by nursing mothers. 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: The most frequently reported adverse reactions were those related to hypoestrogenism. |i 
controlled studies comparing SYNAREL (400 g/day) and danazol (600 or 800 mg/day), the following adverse rea 
tions were most frequently reported and thought to be drug-related. 

Hypoestrogenic: hot flashes (SYNAREL 90%, danazol 69%), decreased libido (22%, 7%), vaginal dryness (19% 
7%), headaches (19%, 21%), emotional lability (15%, 18%), insomnia (8%, 4%); Androgenic: acne (13%, 20% 
myalgia (10%, 23%), reduced breast size (10%, 16%), edema (8%, 23%), seborrhea (8%, 17%), weight gain (8% 
28%), hirsutism (2%, 6%), increased libido (1%, 6%); Local: nasal irritation (10%, 3%); Miscellaneous: depressio! 
(2%, 5%), weight loss (1%, 3%). 

Less than 1% of patients experienced paresthesia, palpitations, chloasma, maculopapular rash, eye pain, urticari: 
asthenia, lactation, breast engorgement, and arthralgia. In clinical trials, immediate hypersensitivity thought to be po: 
sibly or probably related to nafarelin occurred in 3 (02%) of 1509 healthy subjects or patients. 

Changes in Bone Density: After 6 months treatment vertebral trabecular bone density and total vertebral bone mas: 
measured by quantitative computed tomography (QCT), decreased by an average of 8.7% and 4.3%, respectively, con 
pared to pretreatment levels. There was partial recovery of bone density post-treatment; the average trabecular bon 
density and total bone mass were 4.9% and 3.3% less than pretreatment levels, respectively. Total vertebral bone mas 
measured by dual photon absorptiometry (DPA), decreased by a mean of 5.9% at end of treatment. Mean total vertebre 
mass, re-examined by DPA 6 months post-treatment, was 1.4% below pretreatment levels. There was little, if an’ 
decrease in the mineral content in compact bone of the distal radius and second metacarpal. Use for longer than thi 
recommended 6 months or in presence of other known risk factors for decreased bone mineral content may cause adc 
tional bone loss. 

Changes in Laboratory Values: P/asma enzymes. During clinical trials SGOT and SGPT levels were more than twici 
the upper limit of normal in only one patient each. There was no other evidence of abnormal liver function and level: 
returned to normal after treatment was stopped. 

Lipids. At enrollment and at end of treatment, 9% of patients on SYNAREL 400 „g/day and 2% on danazol had tota 
cholesterol values above 250 mg/dL 

Of those with pretreatment cholesterol values below 250 mg/dL, 6% on SYNAREL and 18% on danazol had pos 
treatment values above 250 mg/dL 

Mean (+SEM) pretreatment values for total cholesterol from all patients were 191.8 (4.3) mg/dL in the SYNAREI 
group and 193.1 (4.6) mg/dL in the danazol group. Al the end of treatment, mean values from all patients were 204.5 (48 
mg/dL in the SYNAREL group and 2077 (51) mg/dL in the danazol group. These increases from pretreatment value: 
were significant (p < 0.05) in both groups. 

Triglycerides were increased above the upper limit of 150 mg/dL in 12% of the patients on SYNAREL and in 7% of the 
patients on danazol. 

At the end of treatment, no patients on SYNAREL had abnormally low HDL cholesterol fractions ( < 30 mg/dL) con 
pared with 43% of patients on danazol. No patients on SYNAREL had abnormally high LDL cholesterol fraction: 
(> 190 mg/dL) compared with 15% of those on danazol. There was no increase in the LDL/HDL ratio in patients or 
SYNAREL, but approximately a 2-fold increase in the LDL/HDL ratio in patients on danazol. 

Other changes. In comparative studies, the following changes were seen in approximately 10% to 15% of patient: 
SYNAREL was associated with elevations of plasma phosphorous and eosinophil counts, and decreases in serun 
calcium and WBC counts. Danazol therapy was associated with an increase of hematocrit and WBC. 

OVERDOSAGE: At present there is no clinical evidence of adverse effects following overdasage of GnRH analogs. 


February 1990 
© 1990 Syntex Laboratories, Inc 


Committed to the OB/GYN |a SYNTEX 


and women’s healthcare (© T~ 
SYNTEX LABORATORIES. INC 
PALO ALTO CA 94304 





WE HAVE A POINT TO MAKE. 


Lop 


SO LITTLE CAN DO SO MUCH. 
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C WCON 35 


(norethindrone [0.4 mg] and ethinyl 
estradiol [0. 035 mg ]) tablets 


Ovcon* 35 offers your patients contracep- Ovcon 35 has a unique estrogen/progesto- 
tion, with the lowest norethindrone dose gen ratio. And remember—Ovcon 35 has 





of any combination OC. Low incidence no generic equivalent. 
of both androgenic side effects' and Amazing how so little can do so much. 
breakthrough bleeding? Our point. Exactly. 
1. Data on file, Bristol-Myers Company. 
EN Gordon M, Boria M: Multiclinic study of a low-dose oral contrace in The Metabolic 
rang Pr Low-Estrogen/Low-Progestogen Oral Contraceptive. New Yor Biomedical Information 
em. 981, pp 8-11. 
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QICON 35 


(norethindrone [0.4 mg] and ethinyl estradiol [0.035 mg}) tablets 


Indications and Usage: Ovcon is indicated for the prevention of pregnancy: Some combination 
products containing 3 myo less of ethinyl estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. ' 
Dose-related Risk of Thromboembolism from Oral Contraceptives: Two studies have shown a 
are association between the dose of estrogens in oral contraceptives and the risk of thromboem- 
lism. For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen. The oral contraceptive product prescribed for ee patient should be that 
product which contains the least amount of hy that is compatible an acceptable pregnancy 
rate and patient acceptance. It is recommended that new acceptors of oral contraceptives be started 
on preparations containing 50 mcg or less of estrogen. 
Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophlebitis or thromboembolic disorders. 2) A past history of deep vein throm- 
bophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 4) Known or 
suspected carcinoma of the breast. 5) Known or suspected estrogen ndent neoplasia. 6) Un- 
diagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. 8) Benign or malignant liver 
shpat developed during the use of oral contraceptive or other estrogen-containing products. 
arnings: 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral contraceptives should be strongly advised not 
to smoke. Use of oral contraceptives is associated with increased risk of several 


serious conditions, including thromboembolism, stroke, myocardial Saree, hepatic 


adenoma, gallbladder disease, hypertension. Practitioners prescribing oral 
contraceptives should be familiar with the following information relating to these risks. 





1) Thromboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic 
and thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal 
and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. In a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of 
preeciamptic toxemia) the higher the risk of ee eee myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
clear additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive users 
who do not smoke (smoking considered a major predisposing condition to myocardial infarction) are 
about twice as likely to have a fatal myocardial infarction compared to nonusers who do not smoke. 
Oral contraceptive users who smoke have about a 5-fold increased risk of fatal infarction compared to 
users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not 
smoke. The amount of smoking is a very important factor. British investigators concluded that the risk 
of thromboembolism including coronary thrombosis is directly related to the dose of estrogen used in 
oral ap ger pe preparations containing 100 mcg or more of estrogen were associated with a 
higher risk of thromboembolism than those containing 50-80 mcg of estrogen. The relative risk of 
thromboembolic disease associated with progestin-only oral contraceptives has not been determined. 
Cases of thromboembolic disease have been reported in women using progestin-only products, and 
they should not be presumed to be risk-free. The overall excess hae | rate annually from rrr 
diseases for oral contraceptive users was estimated to be 20 per 100,000 (ages 15-34, 5/100,000; 
ages 35-44, 33/100,000; ages 45-49 140/100,000), the risk being concentrated in older women, in 
those with a long duration of use, and in cigarette smokers. The highest risk was found in heavy 
cigarette smokers (15 or more cigarettes per day) who used oral contraceptives and were age 40 or 
older. Women’ who smoke should be advised not to use oral contraceptives. The use of oral 
contraceptives in women over age 40 with other risk factors is not recommended. The mortality 
associated with all of the methods of birth control is low compared to the risk of childbirth, with the 
exception of oral contraceptive users who smoke and are over age 40. The lowest mortality is 
associated with the condom or diaphragm backed up by early abortion. The risk of thromboembolic 
and thrombotic disease associated with oral contraceptives increases with age after approximately 
age 30 and for myocardial infarction is further increased by hypertension, hypercholesterolemia, 
obesity, diabetes, or history of preeclamptic toxemia, and especially by cigarette smoking. The 
physician and the patient should be alert to the earliest manifestations of thromboembolic and 
thrombotic disorders a ., thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, 
coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be 
suspected, the drug should be discontinued immediately.I{ feasible, oral contraceptives should be 
discontinued at least 4 weeks before pago o a type associated with an incr risk of thrombo- 
embolism or prolo immobilization. ( lar Lesions. There have been reports of neuro-ocular 
lesions such as optic neuritis or retinal thrombosis associated with the use of oral contraceptives. 
Discontinue the medication if there is unexplained sudden or gradual, partial or complete loss of 
vision; sudden onset of proptosis or diplopia; papilledemia; or retinal vascular lesions, and institute 

ropriate diagnostic and therapeutic measures. 3) Carcinoma. Long term administration of either 
natural or synthetic estrogen in certain animal species increases the frequency of carcinoma of the 
breast, cervix, vagina and liver. In humans, one study ey ede the first 21 cases of endometrial 
adenocarcinoma in women on oral contraceptives reported to a registry. Of those women without 
predisposing risk factors for this disease, mey all occurred in women who had used a sequential oral 
contraceptive. No evidence has been reported suggesting an increased risk of endometrial cancer in 
users of conventional combination or peanon oral contraceptives. No increase in breast cancer 
in women taking oral contraceptives has been reported although one study reported an increased risk 
of breast cancer in subgroups of women treated using oral contraceptives with documented benign 
breast disease. There is at present no confirmed evidence from human studies of an increased risk of 
cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
rete oppropriass diagnostic measures should be taken to rule out malignancy. Women with a 
strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
mammograms should be monitored with particular care if they elect to use oral contraceptives. 
4) Hepatic Adenoma. Benign hepatic adenomas have been found to be associated with the use of oral 
contraceptives. One vgs Bot shea a higher risk associated with oral contraceptive formulations with 
high hormonal potency. Although benign and rare, hepatic adenomas may rupture and may cause 
death through intra-abdominal hemorrhage. This has been reported in short term as well as long term 
users of oral contraceptives. Two studies relate the risk with duration of contraceptive use, the risk 
being much greater after 4 or more years of oral contraceptive use. While hepatic adenoma is a rare 
lesion, it should be considered in women presenting abdominal pain and tenderness, abdominal mass, 
or shock. A few cases of hepatocellular carcinoma have been reported in women taking oral 
contraceptives. The relationship of these drugs to this ae of berg is not known at this time. 
5) Use in Pregnancy, Birth Defects in par ge and Malignancy in Female Offspring. Fetal ab- 
normalities have been reported to occur in the offspring of women who have taken progestogens 
and/or estrogens durin pregnanoy. It has been shown that females exposed in utero to diethyl- 
stibestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a form of vaga 
or cervical cancer that is ordinarily extremely rare. A high percentage of such exposed women ( o to 
wk. have been found to have epithelial changes of the vagina and cervix. Although these changes 
are histologically benign it is not known whether this condition is a precursor of vaginal dao pede y 
Male children so exposed may develop abnormalities of the urogenital tract. Similar data are not avail- 
able with the use of other eerogene but it cannot be presumed that they would not induce similar 
changes. The data suggest that the risk of limb reduction defects in exposed fetuses is somewhat less 
than 1 in 1000 live births. In the past, female sex hormones have been used ana pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that estrogens are 
ineffective for these indications and there is no evidence from well-controlled studies that progestins 
are effective for these uses. Increases in chromosomal aberrations have been reported in women who 
become pregnant soon after ceasing oral contraceptive therapy. Embryos with these anomalies are 


virtually always spontaneously aborted. Whether there is an overall increase in spontaneous abortion 
of pregnancies conceived soon after stopping oral contraceptives is unknown. It is recommended that 
for any patient who has missed two consecutive periods, pregnancy should be ruled out before 
continuing the contraceptive regimen. If the patient has not adhered to the prescribed schedule, the 
possibility of pregnancy should be considered at the time of the first missed period and further use of 
oral contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is confirmed 
the patient should be apprised of the potential risks to the fetus and the advisability of pregnancy 
continuation should be discussed in light of these risks. It is also recommended that women who 
discontinue oral contraceptives with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months. Administration of progestin-only or progestin-estrogen combinations to induce withdrawal 
bleeding should not be used as a test for pregnancy. 6) Gallbladder Disease. Studies have reported an 
increased risk of surgically confirmed ape oy ye disease appearing after one pa of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral contraceptive users. The clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women receiving oral contraceptives. The prevalence of hypertension in oral contra- 
ceptive users may be no higher than nonusers in the first year of oral contraceptive use but increases 
with longer oe and in the fifth year of use is two and one-half to three times the reported 
evalence in the first year. Women who previously had hypertension during p nancy may be more 
ikely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. The onset 
or exacerbation of migraine or development of headache of a new pattern which is recurrent, per- 
sistent or severe, requires discontinuation of oral contraceptives and investigation of the cause. 
10) Bleeding Irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent reasons for 
pesoni discontinuing oral contraceptives. In breakthrough bleeding, as in all cases of irregular 
eeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or change to another formulation may 
solve the problem. Changing to an oral contraceptive with a higher estrogen content, while potentially 
useful in minimizing menstrual irregularity, should be done only if necessary since this may increase 
the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary 
amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or to 
become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting a 
lems should be advised of this possibility and encouraged to use other contraceptive methods. 
(11) Ectopic Pregnancy. Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
owever, in oral contraceptive failures, the ratio of ectopic to intrauterine pregnancies is higher than in 
women not using oral contraceptives since the drugs are more effective in preventing intrauterine 
rather than ectopic pregnancy. The higher ectopic-intrauterine ratio has been reported with both 
combination E ucts and progestin-only oral g olen mA 12) argen Shae > A small fraction of 
the hormonal agents in oral contraceptives has been identified in the milk of mothers receiving these 
drugs. The long-range effect to the nursing infant cannot be determined at this time. 
Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a general rule, oral 
contraceptives should not be prescribed for longer than 1 year without another physical examination 
being performed. 2) Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may increase in size. 3) Patients with a history of psychic ession should be carefully 
observed and the drug discontinued if depression recurs to a serious degree. 4) Because oral 
contraceptives may cause some degree of fluid retention, conditions which might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, cardiac or renal insufficiency or 
asthma require careful observation. 5) Patients with a past history of jaundice during pregnancy have 
an increased risk of recurrence of jaundice while receiving oral contraceptive therapy. If jaundice 
develops in any patient poy such drugs, the medication should be discontinued. 6) Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution in such patients. 7) Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is ye to be determined. 8) Serum folate levels may be depressed by oral 
contraceptive therapy. This may complicate subsequent pregnancy with regard to folate deficiency. 
9) The pathologist should be advised of oral contraceptive therapy when relevant specimens are 
submitted. 10) Certain endocrine and liver function tests and blood components may be affected by 
estrogen-containing oral contraceptives: a. Increased sulfobromophthalein retention. b. Increased 
prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased norephinephrine- 
induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading to increased 
circulating total thyroid hormone, as measured by protein -bound iodine (PBI), T, by column, or T, b 
radioimmunoassay. Free T, resin uptake is decreased, reflecting the elevated TBG, free A 
concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response to metyrapone 
test. 11) The active yellow tablets and the inert green tablets in the 28 day regimen of Ovcon-35 
contain FD&C Yellow No. 5 (tartrazine) which may cause allergic-type reactions (including bronchial 
asthma) in certain susceptible individuals. Although the overall incidence of FD&C Yellow No. 5 
(tartrazine) sensitivity in the general population is low, it is frequently seen in patients who also have 
aspirin ai pty s 
In ion for the Patient: Detailed Patient Labeling has been prepared for use by the patient and 
has been made available for distribution by the pharmacist. 
Drug Interactions: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings): Thrombophlebditis, pulmonary embolism, coronary 
thrombosis, cerebral thrombosis, cerebral hemorrhage, eee gallbladder disease, congenital 
anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: Mesenteric thrombosis; benign 
hepatomas; neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. The following adverse 
reactions have been reported in patients receiving oral contraceptives and are believed to be drug 
related: Nausea and/or ya usually the most common adverse reactions, occur in approximately 
10% or less of patients during the first cycle (other reactions, as a general rule, are seen much less 
frequently or only occasionally); gastrointestinal symptoms (such as abdominal cramps and bloating); 
breakthrough bleeding; spotting; change in menstrual flow; dysmenorrhea; amenorrhea during and 
after treatment; temporary infertility after discontinuance of treatment; edema; chloasma or melasma 
which may persist; breast changes (tenderness, enlargement, and eapo 5 change in weight (in- 
crease or decrease); change in cervical erosion and cervical secretion; possible diminution in lactation 
when given immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine 
leiomyomata; rash (allergic); mental depression; reduced tolerance to carbohydrates; vaginal can- 
didiasis; changes in corneal curvature (steepening), intolerance to contact lenses. The following 
adverse reactions have been a era in users of oral contraceptives, and the association has been 
neither confirmed nor refuted: Premenstrual-like syndrome, cataracts, changes in libido, chorea, 
changes in appetite, cystitis-like syndrome, headache, hemolytic uremic syndrome, nervousness, 
dizziness, hirsutism, loss of scalp hair, erythema multiforme, erhythema nodosum, hemorrhagic 
eruption, vaginitis, pone. 
Acute Overdo : Serious ill effects have not been reported following acute ingestion of lar 
of oral contraceptives by young children. Overdosage may cause nausea, and withdrawal 


may occur in females. 
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Second-trimester ultrasonography: Determinants of 


visualization of fetal anatomic structures 


Val Catanzarite, MD, PhD, and J. Gerald Quirk, MD, PhD” 


San Diego, California, and Little Rock, Arkansas 


Little information has been published regarding rates of visualization of fetal anatomic structures or factors 
affecting visualization in unselected patients. We prospectively studied these points by scoring visualization 
of intracranial, spinal, cardiac, ventral wall, umbilical cord, stomach, bladder, and genita! anatomy in 573 
consecutive midtrimester scans in which no fetal anomalies were seen. Each feature was scored 0, 1, or 
2, corresponding to poor, adequate, or optimal visualization, and these eight numbers were summed for an 
overall visualization score. Overall visualization fell abruptly beyond maternal weight 165 pounds 

(p < 0.001) and rose with advancing gestational age (p < 0.001). Placental location did not significantly 
influence visualization. Overall, an adequate screening scan, defined as adequate visualization of central 
nervous system, heart, stomach, ventral wall, bladder, and cord was obtained in 51% of scans, and 
optimal visualization of each of these in only 9% of cases. Factors that might improve anatomic 
visualization and the implications of these results for the use of ultrasonography in screening for congenital 
anomalies are discussed. (Aam J OBsTET GYNECOL 1990;163:1191-5.) 


Key words: Second trimester, ultrasonography, fetal anatomy, fetal anomalies 


The past decade has witnessed a veritable revolution 
in ultrasonographic technology, recognition of fetal an- 
atomic abnormalities, and the application of ultraso- 
nography to obstetric practice. In the past ultrasono- 
graphic examinations were performed primarily for 
evaluation of gestational age, fetal growth, amniotic 
fluid volume, and placental location" *; screening for 
anatomic defects was a secondary goal. With the current 
generation of abdominal ultrasonographic equipment, 
the fetal cortex and ventricles, cerebellum, choroid 
plexus, spine, stomach, kidneys, and heart can be 
clearly imaged during the early second trimester; for 
many fetal organs, not only visualization but also nor- 
mal size ranges have been reported from 12 to 16 
weeks’ gestation onward. Second-trimester ultrasonog- 
raphy is now often performed as a screen for congenital 
anomalies,** and various views of the fetus have been 
advocated for incorporation into routine “screening” 
scans.* 7 

Most of the published literature addresses the issue 
of how early fetus structures can be seen with ultra- 
sonography under ideal conditions rather than how 
often these structures are adequately visualized in prac- 
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tice. To address this issue we prospectively studied vi- 
sualization of anatomic features of the fetus during 
second-trimester ultrasonography by two experienced 
examiners. In addition to defining frequencies of vi- 
sualization, we tested the following specific hypotheses: 

l. Anatomic visualization improves with advancing 
gestational age and decreases with increasing ma- 
ternal weight and abdominal wall fat thickness. 

2. Visualization is decreased in the presence of an 
anterior placenta. 

3. Visualization of caudal structures is worse when 
the fetus is in breech presentation, and visualiza- 
tion of rostral structures is worse when the fetus 
is in vertex presentation. 


Subjects and methods 


The study population was drawn from patients 
who had second-trimester, transabdominal level II ex- 
aminations performed by one of us in our genetics- 
ultrasound unit between July 1, 1988, and March 31, 
1989. Patients were excluded if they were referred be- 
cause of identified or suspected fetal anomalies, if the 
amniotic fluid volume was abnormally increased or re- 
duced, or if fetal anomalies were identified during the 
scan. 

All examinations were performed using an 
ATL/ADR_ Ultramark-4 ultrasound machine (Ad- 
vanced Technology Laboratories, Bothell, Wash.) 
equipped with 5 MHz linear, 5 MHz annular, and 3 
MHz linear and sector transducers. Examination began 
with recording of fetal number, lie, and presenta- 
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Table I. Scoring of anatomic visualization 





Intracranial anatomy 
l. Cranial outline, orbits, midline echo (falx), and cer- 
ebellum 
2. Ventricles and/or choroid plexus, facial architec- 
ture including maxilla and mandible 
Spine 
1. Ossification centers in normal anatomic relationship 
in transverse view at each level from occiput to sa- 
crum and in longitudinal view 
2. Intact overlaying skin at each level 
Heart 
l. Four chambers visualized in transverse view; equal 
atrial and ventricular size 
2. Equal wall thickness and intact interventricular 
septum 
Ventral wall 
l. Unobstructed longitudinal or transverse view of 
umbilical insertion 
2. Unobstructed longitudinal and transverse views; 
normal width in both views 
Stomach 
l. Echolucent area below heart, of appropriate size, in 
left side of fetal abdomen 
2. Echogenic inner wall of stomach seen 
Bladder 
l. Echolucent area midline, below umbilical insertion, 
of appropriate size 
2. Echogenic inner wall of bladder seen 
Umbilical cord 
l. Interrupted echoes showing two arteries and vein 
in longitudinal or transverse view 
2. Complete outlines of circular vein and arteries in 
transverse view or of “spiral rope” appearance in 
longitudinal view 
Genitalia 
Male 
1. Echodense phallus at an acute angle to the anterior 
abdominal wall; fetal thighs adducted 
2. Distinct outline of fetal penis and/or scrotum 
Female 
1. Thighs adducted, with clitoral echo seen 
2. Distinct outline of “triple-U” configuration of clito- 
ris and labia . 


tion, cardiac and limb activity, amniotic fluid volume, 
and placental location. The following measurements 
were performed: biparietal diameter, head circumfer- 
ence, cerebellum, abdominal circumference, and femur 
length. 

Fetal anatomic structures were scored 0, 1, or 2 ac- 
cording to the visualization criteria of Table I, The sum 
of these eight scores was used as an overall visualization 
score (range, 0 to 16). For purposes of data analysis, 
we described an “adequate” screening examination as 
one in which the visualization score for each of the 
seven scores excluding genitalia was at least 1, and an 
“optimal” screening examination as one in which each 
of these seven scores was 2. 

In addition we recorded time for ultrasonography, 
maternal height and weight, and measured the abdom- 
inal wall thickness from skin to the rectus sheath. 

Gestational age was inferred from menstrual dates. 
If the menstrual dates were uncertain, or differed from 
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Table II. Summary of maternal characteristics 
and selected ultrasonographic observations 


Time (min) 173 5.6 10-30 
Height (in) 64.7 2.6 57-73 
Weight (Ibs) 154.3 323 99-347 
Skin to rectus (mm) 19.3 8.3 4-56 
Gestational age (wk) 17.9 2.7 13-27 
Breech (%) 39.1 

Vertex (%) 43.4 


Anterior placenta (%) 48.0 


ultrasonographic determination by more than 10 days 
before 22 weeks’ gestation, or by more than 14 days at 
22 to 26 weeks’ gestation, ultrasonographic dating was 
used. 

Statistical analysis was performed with the 
STATSOFT 2.1 program (Statsoft, Inc., Tulsa). We 
used the ¢ test for comparison of independent samples 
and for determining significance of correlation values, 
and the F test for significance of multiple regression 
(R°) values. 


Results 


During the study period 589 level II ultrasono- 
graphic scans in patients without previously identified 
anomalies were performed. Leading indications were 
maternal age (56%), low maternal serum a-fetoprotein 
(AFP) (20%), elevated maternal serum AFP (13%), and 
a family history of congenital anomalies (9%). 

Sixteen patients were excluded from analysis because 
of ultrasonographically detected anomalies as follows: 
neural tube defects (four cases), cystic hygroma (two), 
isolated two-vessel cord (two), holoprosencephaly and 
omphalocele (one), holoprosencephaly and oligohy- 
dramnios (one), nonimmune hydrops alone (two) or 
with ventricular septal defect (one), osteogenesis im- 
perfecta (one), multicystic dysplastic kidney with con- 
traleteral renal agenesis (one), and chroid plexus cyst 
(one). 

The remaining 573 patients with norma! ultrasono- 
graphic findings were the basis for this study. The mean 
gestational age was 17.9 + 2.7 weeks; maternal weight 
ranged from 99 to 347 pounds (mean 154 + 32 
pounds), and the time spent scanning averaged 17 + 6 
minutes. Selected measured parameters are summa- 
rized in Table II. 

Of the 573 patients, 433 underwent amniocentesis. 
In four cases trisomy was identified despite normal ul- 
trasonography; three cases of trisomy 21 and one case 
of trisomy 18 were detected. In no case was a neural 
tube or abdominal wall defect missed by ultrasonog- 
raphy. 

The effects of maternal weight on visualization are 
summarized in Table III. The overall visualization 
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score decreased significantly with maternal weight: 
r= — 0.48 (p < 0.0001). There was a dramatic drop in 
visualization. beyond the 70th percentile in weight: the 
mean visualization score fell from 11.5 + 3.0 at <70th 
percentile (165 pounds) to 9.3 + 3.7 at the 70th to 90th 
percentile (165 to 198 pounds) (p< 0.001), and to 
6.2 + 3.9 at >90th percentile weight (>198 pounds) 
(p < 0.0001). 

Visualization improved: with advancing gestational 
age for the averall score: r = .34, p < 0.001. Scores for 
each anatomic feature also improved with gestational 
age; r values ranged from 0.10 and 0.12 for ventral 
wall and stomach, respectively, to 0.27 for spine and 
genitalia anc. 0.34 for umbilical cord. Each of these was 
significant at p < 0.005. The improvement with ges- 
tational age is illustrated for each anatomic feature in 
Fig. I. 

Visualization of intracranial anatomy by these criteria 
plateaued at approximately 30% for adequate visual- 
ization and 70% for optimal visualization at 19 to 20 
weeks’ gestation or after. The high rate of inadequate 
visualization before 15 weeks are largely a result of poor 
visualization of the cerebellum. After 15 weeks the cer- 
ebellum could almost always be seen when the midline 
structures ard orbits were well visualized. 

Ossification centers of the spine were visualized in 
>90% of cases from 15 weeks onward; however, vi- 
sualization of intact overlying skin continued to im- 
prove until 19 to 20 weeks. 

All four chambers of the heart could be seen after 
16 to 17 weeks in >75% of cases, but demonstration 
of equal chamber size and wall thickness and an intact 
septum rose :o plateau at 21 to 26 weeks, at only 50%. 

The cord :nsertion could be visualized throughout 
this gestational age range, but optimal clarity improved 
with gestational age. There were insufficient numbers 
for analysis, out there appeared to be a decline in vi- 
sualization beyond 23 to 24 weeks, because of a relative 
decline in amniotic fluid volume in relation to fetal size. 

The stomach and biadder were both seen in most 
cases throughout the second trimester; however, for 
each gestational age group, there was a 5% to 10% rate 
of nonvisualization of the stomach and a 10% rate for 
the bladder over the scan duration. A distinct echogenic 
lining of the stomach was seen in >80% of cases beyond 
19 weeks and of the bladder in >90% of cases beyond 
19 weeks. Visualization of cord vessels rose throughout 
the second tr.mester. 

Visualizaticn of the genitalia plateaued at approxi- 
mately 80% <fter 20 weeks, and optimal visualization 
was approximately 60% after 22 weeks. 

Multiple regression analysis was performed to de- 
termine the effects of measured and inferred param- 
eters on overall visualization. Maternal height, placental 
position, and fetal lie and presentation did not signif- 
icantly influence visualization. Maternal weight, skin- 





Determinants of fetal anatomic visualization 1193 


Table III. Visualization by weight percentile 










Visualization 
score (mean + 






Weight Maternal 





percentile weight (tbs) 
<10th <120 12 + 2.9 
10th-20th 120-127 12.6 + 2.6 
20th-30th 127-135 11.6 = 277 
30th-40th 135-142 11.9 + 2.7 
40th-50th 142-149 11.3 + 2.9 
50th-60th 149-157 li + 2.9 
60th-70th 157-165 10.3 + 3.4 
70th-80th 165-177 9.5 + 3.4 
80th-90th 177-198 9139 
>90th 198-349 6.2 + 3.9 


p < 0.001, Weight <70th percentile versus weight 70th to 


90th percentile; 


p < 0.001, Weight 70th to 90th percentile versus weight 
>90th percentile. 


‘to-rectus distance, and gestational age were significant; 


the combination of weight and gestational age pre- 
dicted visualization with R? = 0.39 (p < 0.0001, F test). 
The inclusion of other parameters did not substantially 
improve the regression fit. 

We also analyzed the frequency of “adequate” and 
“optimal” screening examinations by maternal weight 
and gestational age. Among patients who weighed 
<165 pounds (<70th percentile), 13% of patients had 
“optimal” and 56% had “adequate” screening exami- 
nations. Corresponding figures for the 165- to 198- 
pound group (70th to 90th percentile) were 9% and 
34%, and Zor the >198-pound group (>90th percen- 
tile) were 2% and 17%. Breakdown by gestational age 
is shown in Table IV. 

The influence of fetal presentation (vertex vs breech) 
on visualization of caudal and rostal structures showed 
a slight but significant improvement in visualization of 
intracranial anatomy with the fetus in breech presen- 
tation (score 1.56 + 0.60 vs 1.45 + 0.70, p = 0.03); 
there were no differences in visualization of genitalia 
or bladder attributable to position. 


Comment 


We are aware of only one previous study of the rates 
of visualization of fetal organs in an unselected pop- 
ulation undergoing second-trimester ultrasonography. 
Zador et al. reported results for examinations by ul- 
trasonographers scanning with 3.5 MHz linear and sec- 
tor transducers. Their criteria for organ visualization 
differed from ours; however, for each of five organs 
with comparable criteria—heart, spine, stomach, blad- 
der, and umbilical cord—the rates of visualization re- 
ported in our study are higher. These differences may 
be attributable to ultrasonographer experience or to 
the use of higher resolution equipment (5 MHz trans- 
ducers) in our study. 
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Fig. 1. Anatomic visualization versus gestational age. 
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Several results of our investigation were unexpected. 
The rate of “adequate” visualization of the fetal heart 
was substant-ally lower than anticipated. With our 
equipment a view that showed all four chambers was 
demonstrated in only 80% of patients after 17 weeks’ 
gestation, and visualization adequate as screening for 
cardiac defects was obtained in <40% of patients at 15 
to 20 weeks, and in slightly over half of patients at or 
beyond 21 weeks. By our criteria “adequate” anatomic 
screening was accomplished in only 56% of cases over- 
all, and in 221 of 456 (46%) patients at 15 to 20 weeks, 
when most of Dur screening scans for congenital anom- 
alies are performed. 

The rates of visualization might be improved in any 
of several wavs. The duration of examination would 
probably mcrease the visualization rates for at least 
three points cf anatomy—stomach, bladder, and car- 
diac anatomy. Equipment could be upgraded; the 
Ultramark-4 with transducers as described is a rela- 
tively inexpensive but commonly used machine. Our 
informal in-house comparisons suggest that image 
quality is better for several more expensive units (eg, 
Ultramark-5, Acuson-128). Combined transabdominal 
and transvaginal scanning would undoubtedly improve 
visualization rates when anatomy of the head or the 
fetal rump is obscured by position with the maternal 
pelvis. Finally, ziven the same equipment and same time 
frame, more experienced ultrasonographers might be 
able to better demonstrate fetal anatomic structures. 
However, charges in scan duration, ultrasonographic 
equipment, or ultrasoncgraphic experience are alter- 
ations that could not currently be made within the lo- 
gistic and financial constraints of our ultrasonographic 
laboratory. | 

These data have important implications for any ul- 
trasonographic laboratory. The “visualization” scores 
can be used to compare current ultrasonographic ma- 
chines with other units. In addition, we now have ob- 
jective information regarding the frequency of “ade- 
quate” and “opzimal” screening examinations that may 
have important medicolegal implications’ and are of 
use in counseling patients on the limitations of ultra- 
sonography in our hands. 

Finally, our practice has been to perform level II, 
screening ultrasonograms at 15 to 20 weeks’ gestation 
in the belief that this represented a compromise be- 
tween optimal fetal anatomic visualization and a time 
in pregnancy az which termination would still be ac- 
ceptable to our patients, should an abnormality be 
found. For patients in the higher weight ranges, and 
particularly these weighing >90th percentile (198 
pounds), the visualization scores and the rates of ade- 
quate screening ultrasonography were quite low. Our 
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Table IV. Numbers of cases with adequate 
(score = 1 or 2) and optimal (score = 2) 
visualization of intracranial, spinal, cardiac, 
ventral wall, stomach, bladder, and umbilical 
cord anatomy 


Gestational All scores All scores 
age (wk) No. of l or 2 of 2 


13 5 0 C 0%) 0 (0%) 
14 22 6 (27%) 0 (0%) 
15 61 25 (41%) 5 (8%) 
16 107 43 (40%) 6 (6%) 
17 119 60 (50%) 11 (9%) 
18 69 37 (54%) 6 (9%) 
19 55 30 (55%) 8 (15%) 
20° 45 36 (80%) 3 (7%) 
21 24 16 (67%) 6 (25%) 
>22 66 41 (62%) 8 (12%) 
TOTAL 573 294 (51%) 53 (9%) 


impression, based on limited numbers of cases at pres- 
ent, is that visualization scores of 8 to 12 are routinely 
obtained with transvaginal ultrasonography at 12 to 14 
weeks. We suspect that transvaginal ultrasonography, 
at least for the obese patient, will prove to be a superior 
technique for screening than transabdominal ultraso- 
nography at any time during the second trimester; we 
plan a prospective comparison to test this hypothesis. 
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Infertility and eating disorders 


Donna E. Stewart, MD, G. Erlick Robinson, MD, David S. Goldbloom, MD, and 
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Sixty-six consecutive infertility clinic patients were prospectively screened with the 26-item Eating Attitudes 
Test and a study questionnaire. Women identified as being at high risk for an eating disorder were then 
interviewed to confirm or refute the diagnosis. A total of 7.6% of infertility clinic women were found to 
suffer from anorexia nervosa or bulimia nervosa. If eating disorders not otherwise specified were included, 
a total of 16.7% of infertility patients were found to suffer from an eating disorder. Among infertile women 
with amenorrhea or oligomenorrhea 58% had eating disorders. Because women often fail to disclose 
eating disorders to their gynecologists and may appear to be of normal weight, it is recommended that a 
nutritional and eating disorder history be taken in infertility patients, particulary those with menstrual 
abnormalities. It has previously been shown that disordered eating and nutrition can affect menstruation, 
fertility, maternal weight gain, and fetal well-being. (AM J OBSTET GynecoL 1990;163:1196-9.) 


Key words: Infertility, eating disorder, anorexia nervosa, bulimia nervosa 


Anorexia nervosa, characterized by self-imposed 
starvation as a result of a relentless pursuit of thinness 
and a fear of fatness, occurs in a serious form in about 
1% of young adult and adolescent women.’ A related 
disorder, bulimia nervosa, is defined as episodic pat- 
terns of binge eating followed by a variety of methods 
to counteract the caloric ingestion, including vomiting, 
starvation, and laxative abuse; bulimia is also accom- 
panied by an intense preoccupation with weight and 
shape. This may occur in the context of anorexia ner- 
vosa or more commonly as a separate syndrome at an 
actuarially normal body weight. The prevalence of bu- 
limia nervosa as defined by DSM-III-R criteria? is 1.7% 
of adolescent and young adult women.’ Milder variants 
of anorexia nervosa and bulimia nervosa that fail to 
meet criteria for a specific eating disorder, defined by 
DSM-III-R as eating disorders not otherwise speci- 
fied, occur in a further 3% to 5% of the female popula- 
tion.*:* Eating disorders not otherwise specified is char- 
acterized by (1) a person of average weight who does 
not have binge eating episodes but frequently engages 
in self-induced vomiting for fear of gaining weight, (2) 
all of the features of anorexia nervosa in a female sub- 
ject except absence of menses, or (3) all of the features 
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of bulimia nervosa except the frequency of binge eating 
episodes.” A careful survey of women aged 16 to 35 
attending a family practice found a total prevalence of 
eating disorders and partial syndrome (eating disorders 
not otherwise specified) of 4%." Eating disorders result 
in significant morbidity related to episodes of weight 
loss, vomiting, electrolyte disturbance, gastrointestinal 
problems, psychiatric sequelae, and reproductive com- 
plications.’ Although it is known that many of these 
patients, particularly those with anorexia nervosa, have 
primary or secondary amenorrhea and are infertile,’ 
the reproductive aspects of anorexia nervosa and bu- 
limia nervosa have been inadequately studied. 

Two early studies examined menstruation, fertility, 
and pregnancy in patients previously diagnosed as hav- 
ing anorexia nervosa.” ° Starkey and Lee’ found that 
most anorexic patients reported weight gain, return of 
menses, and fertility with successful treatment, but 
women without weight gain did not experience men- 
strual return or conception. Hart et al.° described three 
women with anorexia nervosa who were induced 
to ovulate with human menopausal gonadotropin— 
human chorionic gonadotropin but then experienced 
significant fetal loss because of miscarriages, multiple 
pregnancies, premature births, and low birth weights. 

Investigators have also previously found that some 
women with amenorrhea or infertility who are seen by 
gynecologists actually have undisclosed eating disor- 
ders.** An early study by Fries'’® found a high pro- 
portion of women with an eating disorder among 30 
women with secondary amenorrhea associated with 
weight loss. Nillius'' reported that 34% of amenorrheic 
women in his study were found to have amenorrhea 
caused by self-induced weight loss. The diagnosis of 
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such underly:ng problems may be hampered by the fact 
that some bulimic women appear to be of normal 
weight by actuarial or population mean standards. 
However, lor gitudinal weight history may reveal pre- 
morbid obesity that led to highly restrictive dieting cou- 
pled with buEmic behavior.“ A recent Australian study 
using the Eating Disorders Inventory also found ele- 
vated drive for thinness and interoceptive awareness 
subscales to point toward disordered eating in 30 in- 
fertility clinic patients,” but these investigators did not 
conduct confirmatory interviews for eating disorders. 
Bates et al.’* found that 47 women with unexplained 
infertility and menstrual dysfunction were practicing 
weight contral by caloric restriction to maintain a fash- 
ionable body aabitus. The report did not state whether 
formal eating disorders were found in any woman in 
this study. When 36 of these women followed a dietary 
regimen designed to increase their weight to predicted 
ideal body we:ght, menstruation resumed in most, with 
subsequent spontaneous conception. It is of interest 
that 97% of these infertile women and their husbands 
had been evaluated previously for infertility with a va- 
riety of diagnostic gynecologic studies without weight 
loss being identified as the cause of the infertility. 
The aim of the present study was to ascertain pro- 
spectively the prevalence of eating disorders (anorexia 
nervosa, bulimia nervosa, and eating disorders not 
otherwise specified) in a group of women with infertility 
attending a university reproductive biology service. 


Material and methods 


Consecutive women with infertility seen at a univer- 
sity reproductive biology service were assessed by 
means of a standardized, reliable, valid self-report mea- 
sure, the 26-item Eating Attitudes Test (EAT-26), which 
is presently in widespread use as a screening instrument 
for eating disorders. The EAT-26 focuses on specific 
dysfunctional beliefs and behaviors associated with an- 
orexia nervosa and bulimia nervosa.’ The women also 
completed a study questionnaire on current and past 
weights, menstrual history, and gynecologic history. All 
women identified on screening tests as having possible 
eating disorders (EAT-26 score = 20) or who reported 
a past or current eating disorder were interviewed by 
one of the investigators (D. E. S.) to confirm or refute 
the diagnosis of an eating disorder by DSM-III-R cri- 
teria. Statistical analyses were performed by one-way 
analysis of var-ance. 


Results 


Sixty-six women completed the EAT-26 and the 
study questionnaire. There were three refusals to com- 
plete these questionnaires, resulting in a 96% response 
rate. One woman who refused later acknowledged to 
infertility clinic staff that she had been treated in the 
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past for bulimia nervosa and was still regularly binge 
eating and inducing vomiting. The three women who 
refused to complete the questionnaires are not included 
in the data, 

The mean age of the women completing the ques- 
tionnaires was 30.4 years (range 21 to 39). Their mean 
weight was 103% ideal body weight (range 72% to 
143%). Ideal body weight was defined as the average 
weight for a given height and age, determined from 
statistics compiled in 1979 by the Association of Life 
Insurance Medical Directors of America and Society of 
Actuaries. Twelve women had abnormal menses 
(amenorrhea or oligomenorrhea). 

According to the cutoff score described above for the 
EAT-26, 12 women were identified as possible cases of 
eating disorders. In addition, two women who did not 
meet the criteria disclosed on the study questionnaire 
that they were being treated for an eating disorder and 
one woman who scored zero on all EAT-26 items was 
identified by a note on her questionnaire saying “I am 
not bulimic” and an allegation of bulimia made by her 
sister. Clinical interviews with all 15 women confirmed 
that 11 had an eating disorder. Utilizing DSM-III-R 
criteria, four women had bulimia nervosa, one had an- 
orexla nervosa, and six had eating disorders not other- 
wise specified. This results in a prevalence of a formal 
specific eating disorder (anorexia nervosa or bulimia 
nervosa) of 7.6% (16.7% when eating disorders not 
otherwise specified are included). The four women 
identified as possible cases on screening but not con- 
firmed by interview were all overweight (ideal body 


.weight = 120%), dieting, and preoccupied by food. Of 


the 12 women in the total sample with abnormal men- 
ses, seven (58.3%) suffered from anorexia nervosa, bu- 
limia, or eating disorders not otherwise specified (Ta- 
bie I). 

There was no significant difference in the percent 
ideal body weight between women with eating disorders 
and women without eating disorders. Analysis of vari- 
ance was used to compare scores of amenorrheic and 
oligomenorrheic women with those of women with nor- 
mal menses. Total scores on EAT-26 were significantly 
higher (p < 0.0001) in the abnormal menses group 
than in the normal menses group. Although all four 
amenorrheic women had significantly lower percent 
ideal body weight than all other women (p = 0.04), the 
percent ideal body weight was not significantly differ- 
ent between normal and the total abnormal menses 


group. 


Comment 

We found a 7.6% prevalence by DSM-III-R criteria 
of a specific eating disorder (anorexia nervosa or bu- 
limia nervosa) in consecutive women seen in a univer- 
sity hospital clinic for infertility. This rate is two to four 
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Table I. Menses and eating disorder in 66 infertility clinic women 






Eating disorder 





Anorexia nervosa 0 
Bulimia nervosa 0 
Eating disorder not otherwise specified 4 
No eating disorder 50 
TOTAL 54 


times that predicted by population and general practice 
studies of women in this age group.”>* The 12 women 
with menstrual abnormalities in our sample had a 
higher prevalence (58%) of eating disorders than nor- 
mally cycling women (7%), suggesting that infertile 
women with menstrual abnormalities are at even higher 
risk of suffering from an eating disorder. Other inves- 
tigators have described the endocrine findings associ- 
ated with menstrual cycle abnormalities in women with 
anorexia nervosa and bulimia nervosa. In general, 
these women tend to have fewer luteining hormone 
secretory spikes and a trend toward lower mean 24- 
hour luteinizing hormone levels than controls.’ Stim- 
ulation with gonadotropin-releasing hormone pro- 
duced elevated luteinizing hormone responses in the 
bulimic group and blunted luteinizing hormone re- 
sponses in the anorexic group.'® Estradiol levels were 
uniformly lower in women with anorexia nervosa,” and 
stimulation with estradiol revealed diminished lutein- 
izing augmentative responses and a trend toward di- 
minished follicle-stimulating hormone augmentative 
responses in patients with anorexia nervosa and bulimia 
nervosa as compared with those of controls.’ Other 
studies have shown that approximately 50% of normal 
weight women with bulimia nervosa have menstrual 
abnormalities with impaired follicular maturation 
caused by impaired gonadotropin secretion. '™ '® More- 
over, it has been shown in normal young women of 
normal body weight who diet for 6 weeks (800 to 1000 
kcal/day) that a variety of changes in endocrinologic 
function develop with actual disruption of menstrual 
cycles for 3 to 6 months after dieting in approximately 
20%. Recently investigators have shown that women 
with eating disorders not otherwise specified also fre- 
quently have menstrual dysfunction.” If women with 
eating disorders not otherwise specified are included 
in our prevalence figures for an eating disorder in in- 
fertility clinic patients, the rate rises to 16.7%, a finding 
of concern that warrants further study. Eating disor- 
ders may play an important etiologic role in infertility 
because recent work has shown that 73% of normal 
infertile patients who were below ideal body weight 
because of caloric restriction conceived spontaneously 
when their weight was corrected. 


Menses 


Normal 






Oligomenorrhea Total 
0 l I 
2 2 4 
2 0 6 
4 Í 55 
8 4 66 


None of the women we identified with eating dis- 
orders had divulged this problem to the infertility clinic 
gynecologist before the introduction of the screening 
questionnaires, The exposure to these questionnaires 
appears to have encouraged more open disclosure 
about eating disorders. Five women wrote notes on 
their questionnaires stating they were worried that ab- 
normal eating habits had caused their infertility. On 
psychiatric interview all four women with bulimia ner- 
vosa and three of six women with eating disorders not 
otherwise specified confided that they had previously 
sought treatment for an eating disorder but failed to 
report it to the gynecologist. All expressed a concern 
that they had “damaged” themselves by their disor- 
dered eating behaviors but expressed relief at now 
being able to discuss this further. 

Patients often fail to volunteer information about eat- 
ing disorders to their gynecologists and may sometimes 
appear to be of normal weight (in fact, percent ideal 
body weight was a poor predictor of an eating disorder 
in this and other studies); therefore, when infertile 
patients are assessed, especially those with menstrual 
abnormalities, there is a need for routine careful in- 
quiry into nutritional intake and eating disorder his- 
tory. Relevant clinical screening inquiries include a his- 
tory of highest and lowest ever weights, desired body 
weight, average daily caloric intake, dieting, and alter- 
native attempts at weight control. For routine evalua- 
tion, “consciousness raising,” or research purposes, 
screening of infertility clinic patients with the EAT-26 
using a cutoff score of =20 will identify a group of 
women at high risk for an eating disorder. Given the 
brevity, ease of scoring, and ability of the EAT-26 to 
correctly identify 73% of patients with eating disorders 
in our study, it appears to be a fairly useful screening 
instrument in this population. Women identified as 
high risk on screening can then be referred for further 
assessment to confirm or refute the diagnosis of an 
eating disorder. Women with false-positive results on 
the EAT-26 were characteristically overweight dieters, 
a finding confirmed by other investigators.” It should 
be borne in mind that the EAT-26 will not identify all 
women with eating disorders, especially those who deny 
symptoms. However, an awareness of the frequency of 
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eating disorders in infertility patients followed by care- 
ful clinical inquiry should correctly identify most cases. 

All women in this study who had a confirmed eating 
disorder were advised to have psychiatric treatment 
and nutritior.al counseling. In clinical practice, women 
found to have an eating disorder should be treated for 
this before irfertility investigations and treatments are 
pursued. We have previously shown that women whose 
eating disorders persist during pregnancy gain less 
weight, have more complications of pregnancy, have 
smaller babies with lower 5-minute Apgar scores, ex- 
perience move difficulties in postpartum adjustment, 
and have moze problems with breast-feeding." It is not 
known if the high rate of spontaneous conception with 
correction in weight 1s applicable to formal eating dis- 
orders, but cur earlier work indicates that successful 
treatment of eating disorders reduces morbidity of the 
pregnant woman and her offspring.’ 


We thank Dr. C. Redmond, Dr. C. Derzko, and 
Dr. R. Casper for encouraging their infertility patients 
to participate in this survey, and Dr. M. Morris for 
contacting the high-risk women identified by the 
screening ins-ruments. 
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Postpartum osteomyelitis caused by group B streptococcus 


K. Berkowitz, MD, and R. McCaffrey, MD 
New York, New York 


Postpartum infections caused by group B streptococci are generally limited in scope. We report a case of 
vaginal colonization with group B streptococcus that progressed in the postpartum period to osteomyelitis 
that necessitated total hip replacement. The patient had no risk factors predisposing to streptococcal 
osteomyelitis. An altered immune status in pregnancy and intrapartum bacteremia may be involved in the 
pathogenesis of this infection. (AM J OBsTET GYNECOL 1990;163:1200-1.) 


Key words: Colonization, osteomyelitis, group B streptococcus 


Postpartum infections associated with vaginal group 
B streptococcal colonization are commonly limited to 
adjacent anatomic structures such as the uterus and 
bladder. ‘Transmission of the organism to the newborn 
has been associated with a variety of neonatal compli- 
cations including sepsis and osteomyelitis.’ We report 
an unusual complication of group B streptococcal in- 
fection in a woman in whom severe postpartum osteo- 
myelitis developed and required hip replacement. 


Case report 


A 34-year-old nulligravid woman was seen at term 
in active labor. Her medical history was unremarkable. 
She had conceived with clomiphene therapy. The an- 
tepartum course had been uneventful. The membranes 
ruptured spontaneously 24 hours before delivery with- 
out any signs of chorioamnionitis. The vaginal delivery 
was uncomplicated and a partial third-degree episiot- 
omy was repaired easily. A routine intrapartum culture 
for group B streptococcus was noted to be positive after 
delivery. The patient had no evidence of infection and 
was not treated. The infant had no signs of strepto- 
coccal disease. The patient complained of pain at the 
episiotomy site on the third postpartum day. The site 
was clean, she was afebrile, and her discomfort resolved 
with analgesia. She remained afebrile on the fourth 
postpartum day but complained of pain in the left hip 
and buttock. Physical examination revealed no limita- 
tion of motion in the left hip. There were no signs of 
deep vein thrombosis. Hip radiographs were normal. 
Her symptoms resolved with analgesia. She was dis- 
charged on the fifth postpartum day. 

At home the patient experienced increasing left hip 
pain radiating to the left buttock and knee that was not 
relieved by analgesics. She was unable to raise her left 
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leg by the seventh postpartum day and was readmitted 
for evaluation. Neurologic examination revealed no 
motor or sensory deficits. Venogram of the lower ex- 
tremities and tomographic scans of the lumbar-sacral 
spine and pelvis were unremarkable. Pelvic ultrasono- 
gram showed no evidence of hematoma. The patient 
became febrile to 39.0° C with an associated elevation 
in white blood cell count to 20,000 cells/mm}? and sedi- 
mentation rate of 145. A three-phase bone scan re- 
vealed synovitis of the left hip. Hip joint aspiration 
yielded clear sterile fluid. Empiric antibiotic therapy 
with cefazolin and tobramycin was initiated on the four- 
teenth postpartum day when hip radiographs showed 
narrowing of the left hip joint and demineralization of 
the acetabulum. A second hip joint aspirate grew group 
B streptococcus on the fifteenth postpartum day. A 
synovial biopsy showed purulent granulation tissue and 
grew group B streptococcus. Cultures were negative 
for mycotic disease or acid-fast bacilli. Rheumatoid fac- 
tor and antinuclear antibody determinations were neg- 
ative. The patient improved after initiation of high- 
dose parenteral penicillin G and minidose heparin ther- 
apy. She was discharged on the thirtieth postpartum 
day to begin rehabilitative therapy. Serial hip radio- 
graphs showed progressive deterioration of the hip 
joint. A bone scan performed 6 months postpartum 
revealed avascular necrosis of the left acetabulum. She 
then underwent low-friction arthroplastic total hip re- 
placement with a Charnley prosthesis. 


Comment 


Septic arthritis and osteomyelitis caused by group B 
streptococcal infection is seen infrequently in neonates 
and children. It is very rare in adults but has been 
reported in patients with diabetes mellitus or altered 
immune status.” Colonization reservoirs and opsonic 
antibody-complement abnormalities may be involved in 
the pathogenesis of this infection.” Postpartum osteo- 
myelitis caused by group B streptococcus has not pre- 
viously been reported. The potential for group B strep- 
tococcal colonization to progress to a disseminated in- 
fection such as postpartum osteomyelitis is documented 
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in this case report. It can be postulated that hematog- 
enous spread of the organism to the hip was facilitated 
by bacteremia accompanying the process of labor and 
delivery. The patient's altered immune status of preg- 
nancy may have increased her susceptibility to the de- 
velopment of infection. 

Disseminated postpartum infections require a con- 
certed diagnostic effort aimed at identifying the res- 
ervoir responsible for bacterial seeding. Organisms 
found in antenatal or intrapartum vaginal cultures are 
likely sources of infection. Information gained from 
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vaginal cultures may help the clinician to initiate defin- 
itive rather than empiric therapy in women with un- 
clear causes for severe postpartum infections. 
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Antenatal spontaneous perforation of the extrahepatic 


biliary tree 


Syam Chilukuri, MD, Virgilio Bonet, MD, and Mason Cobb, MD 


East Lansing, Michigan 


Spontaneous perforation of the biliary system is an unusual neonatal phenomenon that is rarely 
recognized at b.rth. To date, it has not been reporied antenatally. A 15-year-old pregnant adolescent had 
an ultrasonogran at 25 weeks of pregnancy that revealed ascites in the fetus. After the infant was 
delivered at 32 weeks, a hepato-iminodiacetic acid scan showed a spontaneous rupture of the common 
bile duct. The irfant was treated with external drainage of the biliary tree and recovered well. This case 
demonstrates that spontaneous perforations of the bile ducts can occur much earlier than the usually 
described 2 to 12 weeks atter birth, can be diagnosed antenatally, and should be added to the list of 


causes of fetal ascites. (Av J Osstet GynecoL 1990;163:1201-2.) 


Key words: Fetal ascites, spontaneous perforation of bile duct 


Spontaneous perforation of the common bile duct is 
uncommon in neonates but has been well documented 
as the second most common surgical cause of jaundice 
in the newborr..' However, it has not been reported to 
have occurred in utero, with most cases occurring be- 
tween 2 and 17 weeks after birth.’ This case illustrates 
fetal ascites diagnosed before birth, which subsequently 
was shown to be antenatal perforation of the common 
bile duct. 


Case report 


A 16-year-okl white adolescent (gravida 1, para 0, 
abortions 0) was progressing normally until approxi- 
mately 25 weeks of gestation when the fetus was found 
to have developed ascites on a routine ultrasonogram. 
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The mother was not found to have polyhydramnios but 
preeclampsia subsequently developed and the infant 
girl was delivered via cesarean section at 32 weeks’ ges- 
tation. 

The infant was delivered without incident; Apgar 
scores were 7 and 9, birth weight was 1940 gm, and 
head circumference was 30 cm. The infant was thus 
normal size for 32 weeks of gestation. She was not jaun- 
diced. The abdomen was distended but there was no 
organomegaly. An ultrasonogram revealed no abnor- 
mality except the ascites. 

Liver enzyme levels were normal. A hepato- 
iminodiacetic acid scan was obtained and extravasation 
of the radionuclide from the extrahepatic biliary tree 
established the diagnosis of a spontaneously perforated 
duct. i 

The infant's abdomen was explored 2 days after birth 
when she was found to have 150 to 200 ml of free bile 
in the peritoneal cavity. An operative cholecystogram 
showed flow into the duodenum but no extravasation. 
External drainage of the biliary tree was performed via 
a cholecystostomy. The postoperative course was un- 
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eventful except for a single reaccumulation of ascites 
that was tapped and was found to be chylous. A repeat 
hepato-iminodiacetic acid scan before discharge was 


normal. The infant remains healthy and is thriving at 


18 months’ follow-up. 


Comment 


Spontaneous perforation of the extrahepatic biliary 
ducts should be added to the list of causes of fetal 
ascites. Among the known causes of fetal ascites are 
urinary tract abnormalities, gastrointestinal diseases, 
biliary atresia, storage diseases, malignancies, Rh or 
ABO incompatibility leading to isoimmunization, and 
other causes of fetal hydrops.’ 

Although the cause is still not known, the location of 
the spontaneous perforation is usually at the junction 
of the cystic duct and the common hepatic duct.' This 
finding suggests a tendency for developmental errors 
at this site. The theory advanced by Lilly et al.' is that 
the perforation is a result of a localized embryonic mu- 
ral malformation in this area. The same area is also the 
most frequent site of choledochal cyst, which further 
supports this thesis. 

The common period of discovery is between 4 and 
12 weeks of age, although it is occasionally seen at birth. 
The pathognomonic finding is biliary ascites, but a de- 
finitive preoperative diagnosis can be made by an in- 
travenous hepatocholangiogram with technetium 
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99m-Tc disofenin or other isotopes of technetium 
99m-T'c, such as hepato-iminodiacetic acid. 

Treatment is surgical and can be accomplished with 
external drainage.' A cholecystostomy may be added 
as in this case. Other internal drainage procedures have 
also been advocated by some authors but are not well 
accepted. 

Antenatal diagnosis has advanced clinical acumen in 
recognizing and treating many congenital surgical dis- 
orders. To date, antenatal spontaneous perforation of 
the extrahepatic bile ducts has not been reported.'? 

This case also reveals that bile duct perforation can 
occur at least as early as the twenty-fifth gestational 
week. Previously this was thought to occur after birth, 
although the defect itself is congenital.’ 

Extrahepatic bile duct perforation should be consid- 
ered in the differential diagnosis of fetal ascites. A sur- 
gical consultation with the mother and family and plans 
for postnatal surgical care are indicated in such cases. 
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Antenatal diagnosis of molybdenum cofactor deficiency 


R. George F. Gray, PhD,” Anne Green, MSc,* Shishta Nadda Basu, MRCOG,’ 
Glyn Constantine, MD,” Roy G. Condie, MD,” Claude Dorche, PhD, 
Christine Vianey-Liaud, PhD, and Pierre Desjacques, PhD‘ 


Birmingham, United Kingdom, and Lyon, France’ 


Analysis of uncultured chorionic villus material from a woman at risk of fetus with sulfite oxidase deficiency 
revealed a deficiency of sulfite oxidase. This was confirmed on termination of the pregnancy. (Am J OBSTET 


GYNECOL 1990;163:1203-4.) _ 


Key words: Molybdenum cofactor deficiency, chorionic villus sampling, amniocentesis 


Molybdenum cofactor deficiency is a rare autosomal 
recessive disorder that, in the neonate, appears with 
fits, choreiform movements, and lens dislocation. Bio- 
chemically it is characterized by a deficiency of sulfite 
and xanthine oxidases and the accumulation in the 
body fluids of sulfite, thiosulfate, S-sulfocysteine, xan- 
thine, and hypoxanthine. We report a further case with 
details of a successful antenatal diagnosis by chorionic 
villus sampling and amniocentesis. 


Case history 


The index case was the fourth pregnancy of a Pa- 
kistani Moslem couple who were first cousins. There 
had been delivery of a healthy male, a female who died 
of pneumonia at age 1 month, and a spontaneous mis- 
carriage. The pregnancy was uneventful and a female 
was born (birth weight, 3.75 kg) at term. Apgar scores 
at birth were 9 and 10 at 1 and 5 minutes, respectively. 
However, the infant ate poorly and underwent an ap- 
nea attack at 10 hours, with generalized convulsions 
and opisthotonos. An electroencephalogram revealed 
epileptogenic abnormalities, suggesting a progressive 
encephalopathy. A computerized axial tomography 
scan of the brain revealed areas of low attenuation with 
slight ventricular dilation. Intermittent convulsions 
continued, ventricular tachycardia developed and she 
died on day 12 after birth. Plasma uric acid was sub- 
stantially reduced (<1 mmol/L), whereas urinary xan- 
thine (433 mmol/mmol creatinine) and hypoxanthine 
(10 mmol/mmol creatinine) were raised. Unfortunately 
insufficient samples were available for the measure- 
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ment of sulfur-containing metabolites and cultured fi- 
broblasts were not available. The clinical picture and 
the abnormal purine metabolites led us to the pre- 
sumptive diagnosis of molybdenum cofactor deficiency. 


Antenatal diagnosis 


The mother was first seen with her fifth pregnancy 
at 6 weeks’ gestation. A chorionic villus sample was 
taken transcervically at 11 weeks’ gestation. The un- 
cultured chorionic villus tissue revealed a total defi- 
ciency of sulfite oxidase, whereas hexosaminidase ac- 
tivity was present. However, because of transportation 
problems between the laboratories in Birmingham and 
Lyon, the specimen was in transit for 3 days. Inasmuch 
as it was not known how stable the enzyme was under 
these condition, an amniocentesis was carried out at 16 
weeks’ gestation. The amniotic fluid supernatant re- 
vealed increased concentrations of S-sulfocysteine (22 
pmol/L, normal values (<1) and a low concentration 
of cysteine (15 pmol/L, 2 SD, normal range 72 to 134). 
The amniotic fluid supernatant uric acid concentration 
was normal (165 pmol/L, normal range 95 to 202). An 
extraamniotic termination of pregnancy was carried 
out at 17 weeks’ gestation. The cultured amniotic fluid 
cells and abortus fibroblasts revealed a gross deficiency 
of sulfite oxidase activity, whereas the abortus liver re- 
vealed no detectable sulfite and xanthine oxidase ac- 
tivity. A postmortem examination revealed no histo- 
logic abnormalities in any tissues on light or electron 
microscopy. 


Comment 


The assay of sulfite oxidase in uncultured chorionic 
villus material permits a diagnosis of molybdenum co- 
factor deficiency within 7 days of sampling, whereas 
analysis of purine and sulfur-containing metabolites in 
the amniotic fluid gives a more rapid result than the 
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enzyme assay on cultured amniotic fluid cells. Amniotic 
fluid uric acid concentrations, are clearly not useful di- 
agnostically. 


We thank Bill Mackenzie of Marston Green Hospital, 
Birmingham, England, for carrying out the chorionic 
villus sampling, Dr. Anne Aukett of Dudley Road Hos- 
pital for her help with the index case, and Kevin Car- 
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penter of the Sheffield Children’s Hospital for the pu- 
rine metabolite assays. 
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Preoperative evaluation of serum CA 125, TAG 72, and 
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We evåluated 109 women with endometrial carcinoma to determine the accuracy of preoperative 
tumor-associated antigen levels (CA 125, CA 72, CA 15-3) for prediction of extrauterine disease and 
whether TAG 72, CA 15-3, or both would improve the predictive value of CA 125 alone. Eleven (12%) of 
80 patients with disease confined to the uterus or positive cytologic findings had CA 125 values >35 U/ml 
versus 12 (65%) of 20 patients with extrauterine metastasis. Therefore CA 125 values had sensitivity of 
65% and specificity of 88%. The TAG 72 level was elevated (>6 U/ml} in 4% of patients with localized 
disease and 30% with metastasis. CA 15-3 was elevated (> 30 U/ml) in 17% and 65% in these 
categories, respectively. TAG 72 or CA 15-3 levels did not improve the combination of sensitivity and 
specificity of CA 125 alone. In addition, only one of 10 patients with microscopic metastasis (three cases) 
or positive peritoneal cytology (seven) had elevation of any of these tumor-associated antigen levels. 
Failure to detect occult metastasis and a high false-positive rate limit the role of these tumor-associated 
antigen assays in the preoperative evaluation of patients with endometrial carcinoma. (Am J OBSTET 


GYNECOL 1990;163:1204-9.) 
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It has been established that women with early clinical 
stage endometrial carcinoma frequently have extrau- 
terine metastasis detected only through staging lapa- 
rotomy. The International Federation of Gynecology 
and Obstetrics (FIGO) recently designated a surgical 
staging system for endometrial cancer.’ Although the 
risk of extrauterine metastasis can be predicted on the 
basis of several pathologic features,*? only histologic 
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grade and depth of the uterine cavity are known pre- 
operatively in the majority of women with endometrial 
cancer. The development of a sensitive and specific 
noninvasive test that could be applied preoperatively 
to predict the presence of extrauterine metastasis 
would allow selection of patients at high risk for ex- 
trauterine disease who would most likely benefit from 


. comprehensive surgical staging procedures, including 


selective pelvic and paraaortic lymphadenectomy. 
Niloff et al.* first reported the association of elevated 
CA 125 levels with advanced and recurrent endometrial 
carcinomas. Recent reports by Duk et al.* and Patsner 
et al.’ suggested that preoperative elevations of serum 
CA 125 levels might identify women with clinically early 
endometrial carcinomas who have occult metastatic dis- 
ease. Berchuck et al. subsequently reported that in- 
creasing expression of CA 125 in the primary endo- 


Volume 163 
Number 4, Part 1 


metrial cancer was associated with increased metastatic 
potential. On the basis of these reports, we conducted 
a prospective evaluation of preoperative sera from wo- 
men with endometrial carcinomas to determine the 
value of CA 125 elevations in predicting extrauterine 
metastasis. Levels of two other tumor-associated anti- 
gens, TAG 72 and CA 15-3 were also measured to de- 
termine whether levels of these tumor-associated an- 
tigens in combination with CA 125 would improve the 
sensitivity or specificity achieved with CA 125 alone. 


Material and methods 


One hundred nine women with endometrial adeno- 
carcinomas treated between 1986 and 1989 had pre- 
treatment sera available in sufficient quantity to deter- 
mine levels of CA 125, TAG 72, and CA 15-3. Sera were 
obtained within 1 week before primary operation or 
institution of definitive therapy in one patient with 
clinically advanced disease. All patients underwent pre- 
operative evaluation consisting of physical examina- 
tion, pelvic examination with the patient under an- 
esthesia, chest x-ray film, and other appropriate radio- 
graphic studies. Surgical stage was assigned according 
to FIGO criteria! based on the results of surgico- 
pathologic findings at laparotomy. 

In patients with disease grossly confined to the uterus 
at laparotomy, bilateral selective pelvic and paraaortic 
lymphadenectomy was performed unless the patient 
had a grade 1 or 2 lesion confined to the endometrium 
or invading the inner myometrium by frozen section 
of the hysterectomy specimen. Peritoneal washings 
for cytologic testing and omental biopsy were per- 
formed in all patients. One woman with clinical evi- 
dence of systemic and vaginal metastasis was treated 
without laparotomy. Ten patients with gross intra- 
peritoneal carcinomatosis underwent hysterectomy, bi- 


lateral salpingo-oophorectomy, and tumor debulking 


without lymph node sampling. 

Preoperative sera were separated, frozen, and stored 
at —70° C. Tumor-associated antigen assays were per- 
formed after completion of initial operation and cli- 
nicians were -linded to the results of the assays. 

CA 125 assay. An immunoradiometric assay (Cen- 
tocor, Malvern, Pa.) was performed as previously de- 
scribed” * to quantitate CA 125 levels in 100 wl portions 
of serum. All assays were performed in duplicate and 
were compared with a normal curve constructed by use 
of control samples with known quantities of CA 125 
antigen. A value of 35 U/mi was selected as threshold 
for this study. °° 

Tumor-associated glycoprotein (TAG 72) assay. A 
solid-phase double-determinant radio1mmunometric 
assay (Centocor) was also used to quantitate serum 
TAG 72 levels. All assays were performed in duplicate. 
Polystyrene beads coated with monoclonal antibody 
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B72.3 were incubated simultaneously with 100 pl se- 
rum samples combined with 100 ul iodine 125-labeled 
B72.3.°"' Specimens were incubated for 18 hours in a 
4° C water bath. The polystyrene beads were washed 
four times with 5 ml distilled water and radioactivity 
was determined by a gamma scintillation counter. Stan- 
dard curves were constructed with known quantities of 
TAG 72 from a standard source. A level of 6 U/ml was 
assigned as a threshold for this study. 

Serum CA 15-3 assay. The serum CA 15-3 assay was 
also a solid-phase double-determinant immunoradio- 
metric assay (Centocor). Polystyrene beads coated with 
monoclonal antibody 115.D8’* * were incubated with 
200 pl of serum for 60 minutes at room temperature. 
Each well was rinsed three times with a total of 15 ml 
distilled water. Two hundred microliters of mouse 
monoclonal antibody DF3 labeled with I was added 
for an additional 60 minutes. The beads were rinsed 
with 15 ml distilled water and radioactivity was counted 
in a ‘y-scintillation counter. A standard curve was ob- 
tained with samples that contained known concentra- 
tions of CA 15-3. Unknown sera were run in duplicate 
and the corresponding concentration of CA 15-3 was 
determined directly from the standard curve. A thresh- 
old level of 30 U/ml was assigned for this study. 

The x’ test was used for analysis of trends with sig- 
nificance declared at the p< 0.05 level. Standard 
definitions™ of sensitivity, specificity, and predictive 
values of positive and negative tests were used to 
determine the ability of tumor-associated antigens to 
discriminate the presence or absence of metastatic 
disease. | 


Results 


Pretherapy sera were obtained from 109 women with 
endometrial carcinoma before surgical staging or ther- 
apy. Ninety-seven patients (89%) had disease clinically 
localized to the uterus and cervix preoperatively, 
whereas 12 (11%) had advanced clinical stage disease 
(Table I). Elevations of CA 125 and CA 15-3 levels 
correlated with advanced clinical stage: 82% of patients 
with advanced disease had elevations of these tumor- 
associated antigen levels versus 11 and 14%, respec- 
tively, for patients with clinically localized disease (p < 
0.05). Serum TAG 72 elevations were observed in 8% 
of patients with clinical stage I disease but only 36% 
of those with advanced disease (Table I). Elevations 
of CA 125 and CA 15-3 levels also were associated 
with advanced FIGO surgical stage (p < 0.05, Table I). 
However, elevated levels of these tumor-associated an- 
tigens were detected in 14% and 17% of 89 patients 
with disease histologically and cytologically confined to 
the uterus. Three of 33 patients with disease confined 
to the uterus who did not undergo lymph node sam- 
pling had elevated CA 125 levels; one had no residual 
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Table I. Serum tumor-associated antigen elevations versus clinical and surgical stage 


CA 125* >35 Uiml TAG 72 >6 Ulmi 
No. (%) (%) (%) 


Clinical evaluation 


Confined to uterus 72 7 (10) 
Cervical involvement 25 6 (24) 
Advanced disease 12 10 (84) 
FIGO surgical stage 

IA-IC 77 11 (14) 
ITA-IIB 5 0 

IIA 8 QO. . 
IJIC 7 3 (43) 
IVB 12 10 (83) 


CA 15-3* >30 U/ml 


4 (6) 9 (13) 
0 7 (28) 
5 (36) 10 (84) 
3 (4) 13 (17) 
1 (20) 2 (40) 
0 0 

2 (29) 4 (57) 
4 (33) 7 (58) 


*p < 0.05 for clinical stage I plus II versus III-IV and surgical stage I plus II versus IIIA-IV. 


Table II. Serum tumor-associated antigen elevations versus myometrial invasion and histologic grade: 


Disease confined to uterus and cervix 


CA 15-3 >30 U/ml 


CA 125 >35 Ulmi TAG 72 >6 U/ml 
No.* (%) i (%) (%) 


Myometrial invasion 


None 21 2 (10) 
Inner third 40 5 (13) 
Middle third 12 1 (9) 
Outer third 16 3 (19) 
Histologic grade 
35 3 (9) 
2 38 5 (14) 
3 16 3 (19) 


1 (5) 3 (14) 


2 (5) 7 (18) 
0 3 (27) 
1 (6) 2 (13) 
2 (6) 4 (11) 
1 (3) 9 (24) 
1 (6) 2 (13) 


*Includes seven patients with malignant peritoneal cytologic test results (stage IIIA). 


invasive cancer in the hysterectomy specimen and the 
other two had inner myometrial invasion only. 

The 89 patients with disease histologically confined 
to the uterus and cervix were further analyzed to de- 
termine whether extent of myometrial invasion or his- 
tologic differentiation correlated with elevation of the 
tumor-associated antigen levels (Table II). In general, 
there was not a significant relationship between ele- 
vated levels and either of these variables, although 
there was a trend toward elevated CA 125 levels among 
patients with deep myometrial invasion or histologic 
grade 3 lesions (Table II). o 

‘Comparison of the surgicopathologic extent. of dis- 
ease with preoperative serum tumor-associated anti- 
gen levels is displayed in Table III. Both CA 125 and 
CA 15-3 levels significantly correlated with surgico- 
pathologic findings (p < 0.05, Table III). However, 
none of the seven patients with positive peritoneal cy- 
tologic findings and only one of three with histologi- 
cally documented occult metastasis had preoperative 
elevations of any of the tumor-associated antigens 
(Table III). 

The site and histologic grade of metastatic lesions 
appeared to be related to preoperative CA 125 eleva- 
tions, although the differences were not statistically 


significant. Only three (38%) of eight patients with 
metastasis limited to the retroperitoneal nodes had el- 
evated CA 125 levels versus 10 (91%) of 11 with car- 
cinomatosis or extraabdominal metastasis. Similarly, 
CA 125 elevations occurred in three (38%) of eight 
women with grade 3 lesions compared with 10 (83%) 
of 12 patients with grade 1 or 2 lesions. 

Serum TAG 72 and CA 15-3 levels were elevated 
in four patients with metastatic disease and normal 
CA 125 levels. However, these tumor-associated antigen 
levels were normal in nine and five patients, respec- 
tively, who had metastatic disease and elevated CA 125 
levels. Either the TAG 72 or CA 15-3 levels were ele- 
vated in 11 (12%) of 89 with surgically localized disease, 
whereas four patients (4%) had coordinate elevations 
of CA 125 and one of the other tumor-associated an- 
tigen levels. 

Eleven (12%) of 89 patients with disease histologically 
confined to the uterus and 13 (65%) of 20 with histo- 
logic evidence of extrauterine metastasis had elevated 
CA 125 levels (Table III). Therefore, elevations of se- 
rum CA 125 levels had a sensitivity of 65% and spec- 
ificity of 88% with a positive predictive value of 54% 
and negative predictive value of 92% for predicting the 
presence or absence of extrauterine metastasis. The use 
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Table III. Serum tumor-associated antigen elevations versus extent of extrauterine metastasis 


Extent cf disease 


Surgical 

stage I-II 82 
Malignant 

peritoneal 

cytologic test results 7 0 
Microscopi? 

metastasis 3 0 
Gross 

metastasis 17 

(>1 cm) 


11 (13) 


12 (76) 


CA 125* >35 U/ml 
No. (%) 


TAG 72 >6 U/ml CA 15-3* >30 U/ml 


(%) (%) 
4 (5) 15 (18) 
0 0 
1 (33) 0 
5 (29) 11 (65) 


*h < 0.05, surgical stage -I-II plus malignant cytologic test results versus microscopic plus gross metastasis. 


of TAG 72 and CA 15-3 alone (Table III) or use of 
combinations of tumor-associated antigen levels did not 
significantly improve on the combined sensitivity and 
specificity of serum CA 125 alone. Elevations of one or 
more tumor-associated antigen levels had a sensitivity 
of 85% but specificity of only 71%, whereas coordinate 
elevations of CA 125 with either TAG 72 or CA 15-3 
had a sensitivity of only 45% with specificity of 96%. 

Preoperative clinical evaluation was compared with 
the surgicopathologic extent of disease and serum 
CA 125 elevations (Table IV). Although the CA 125 
levels were elevated in only 11% of patients with clin- 
ically localized disease who were confirmed surgically 
to have localized disease and 90% of those with clinically 
advanced disease confirmed to have extrauterine me- 
tastasis, the preoperative CA 125 level did not distin- 
guish between those patients with early clinical stage 
who had clinically occult extrauterine metastasis from 
those with berign adnexal masses who were found to 
have disease confined to the uterus on surgicopatho- 
logic evaluation (Table IV). 


Comment 


Recent studies by Duk et al.* and Patsner et al.? that 
reported elevation of circulating levels of CA 125 in wo- 
men with endometrial adenocarcinomas prompted us 
to evaluate serum levels of tumor-associated antigens 
in our patient population. Duk et al.’ found CA 125 
elevations in 12 (67%) of 18 patients with surgically 
documented advanced disease. Patsner et al. per- 
formed complete bilateral pelvic and paraaortic lymph- 
adenectomy in all their patients with disease apparently 
confined to the uterus. They reported that elevation of 
CA 125 had a sensitivity of 90% and a specificity of 
98% for discriminating surgically localized from sur- 
gically advanced disease. 

Our findings do not support the routine use of pre- 
operative serum CA 125 assays in women with endo- 
metrial carcinoma. Serum CA 125 elevations did cor- 
relate with clinical stage, surgical stage, and surgico- 


Table IV. Serum CA 125 elevations compared 
with clinical evaluation and surgical 
pathologic findings 





Surgical pathologic findings 


Confined to uterus 
and/or cerutx* 










Extrauterine 


Clinical evaluation metastasis 


Localized to uterus 10/87 (11)} 4/10 (40) 
and/or cervix 
Advanced disease 1/2 (50) 9/10 (90) 


*Includes seven patients with malignant peritoneal cytologic 
results (FIGO stage IITA). 


7CA 125 elevations per total patients (%). 


pathologic extent of metastasis. However, we found an 
unacceptably high false-positive rate among patients 
with disease histologically confined to the uterus and 
cervix with a resultant positive predictive value of only 
54% for elevations of CA 125 levels. Furthermore, none 
of those in the small subset of patients with occult ex- 
trauterine metastasis or malignant peritoneal cytology 
had elevations of CA 125. Finally, only 40% of patients 
with clinically occult but histologically confirmed me- 
tastasis had elevations of serum CA 125 levels before 
operation (Table IV); this is the group most likely to 
benefit from preoperative serum tumor-associated an- 
tigen level determinations. 

We noted a false-positive rate of 12% for CA 125 
elevations among women with endometrial carconima 
histologically confined to the uterus and cervix but were 
not able to demonstrate any difference by histologic 
grade or depth of myometrial invasion. It is unlikely 
that false-positive elevations resulted from omitting 
pelvic and paraaortic lymphadenectomy in 33 of our 
patients. The three “false-positive” results in this group 
occurred in patients at very low risk (less than 5%) for 
extrauterine metastasis.” Although the majority of cases 
of endometrial carcinoma express CA 125,*°® the mech- 
anism for entry of the antigen into peripheral circu- 
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lation is unknown. It is assumed that CA 125 from 
endometrial lesions is shed into the endometrial cavity 
and. the antigen gains access to the circulation through 
lymphatic drainage.’ Elevations of serum CA 125 levels 
in women with endometrial carcinomas could be a re- 
sult of both increased expression of CA 125 and break- 
down of normal tissue barriers. 

Duk et al.* suggested that elevated CA 125 levels in 
patients with early stage disease might identify those at 
risk for recurrence. This may reflect occult metastasis 
not detected by routine surgical staging techniques; 
however, all our study patients underwent upper ab- 
dominal exploration including peritoneal cytology and 
omental biopsy. Our follow-up data are not mature 
enough to confirm the prognostic importance of initial 
preoperative CA 125 elevations in patients with disease 
histologically confined to the uterus, cervix, or both 
areas. i 

The identification of elevated serum CA 125 levels 
in 65% of patients with histologic evidence of metastasis 
raises the possibility of monitoring CA 125 levels during 
therapy of those who have no measurable disease after 
surgical therapy. Duk et al.* reported a significant cor- 
relation between serial CA 125 levels and the clinical 
course of endometrial cancer in a small group of pa- 
tients. Although many reports have confirmed the util- 
ity of serial CA 125 levels in monitoring of patients with 
ovarian carcinoma,” 1*?5 the role for monitoring serial 
CA 125 levels in women with endometrial carcinomas 
has not be established. 

The two other tumor-associated antigen assays se- 
lected for this study, TAG 72 and CA 15-3, were chosen 
on the basis of several attributes. Both antigens are 
detected by monoclonal antibodies originally gener- 
ated against membrane-enriched fractions of human 
breast carcinomas*" but are also expressed by other 
types of benign and malignant human tissues. Tumor- 
associated glycoprotein defined by the monoclonal an- 
tibody B72.3 is expressed by the majority of carcino- 
mas from a variety of primary sites, including endo- 
metrial adenocarcinomas.’® '' '"'* This antigen is also 
expressed by benign secretory endometrium.” '* The 
shed antigen can be detected in the sera of women with 
malignant pelvic masses. The DF-3 antigen (CA 15-3) 
is expressed by a variety of malignancies and levels are 
elevated in the sera of the majority of women with active 
breast’? and ovarian carcinomas.” '° Unlike TAG 72, 
DF-3 is expressed by benign endometrium in all phases 
of the menstrual cycle.” In a study of women with pelvic 
masses, we found that the use of these assays in con- 
Junction with CA 125 assays improved the specificity 
for discriminating between benign and malignant 
masses compared with CA 125 alone."* 

In this study CA 15-3 elevations correlated with 
clinical and surgicopathologic advanced endometrial 
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carcinomas but had a higher false-positive rate than 
CA 125 levels. The TAG 72 assay had a much lower 
sensitivity for extrauterine disease than either CA 125 
or CA 15-3. When these two tumor-associated antigen 
assays were used in conjunction with CA 125 levels, 
there was no significant improvement in the combined 
sensitivity or specificity for predicting the presence or 
absence of extrauterine metastasis versus CA 125 values 
alone. 

Our data suggest that preoperative determination of 
serum tumor-associated antigen levels is not helpful in 
the routine evaluation of women with endometrial car- 
cinoma. In our experience it appears that these tumor- 
associated antigen assays lack the sensitivity and spec- 
ificity to reliably predict subclinical metastatic disease, 
although elevated levels frequently occur in patients 
with bulky metstasis. 
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Maternal serum a-fetoprotein may be reduced in diabetic pregnancies, but the association with elevated 
glycosylated hemoglobin has been controversial. We tested the hypothesis that reductions in maternal 
serum a-fetoprotein may reflect the same phenomena that can also impair normal rates of embryo growth 
in the presence of poorly compensated maternal diabetes. If so, associations would be expected among 
maternal serum a-fetoprotein, embryo rates of growth, and levels of glycosylated hemoglobin reflective of 
reguiation of maternal diabetes during the period of organogenesis. We found maternal serum 
a-fetoprotein levels in 93 pregnant patients with diabetes to be negatively associated with the earliest (4 to 
12 weeks) glycosylated hemoglobin determinations. At glycosylated hemoglobin values >9.6% (which 
approximates the upper quartile), all maternal serum a-fetoprotein values fell below the median for patients 
without diabetes (below 0.8 multiple of the median after weight adjustment). Moreover, there was a trend 
for pregnancies with lower maternal serum a-fetoprotein levels and higher glycosylated hemoglobin values 
to also demonstrate early fetal growth delay as measured by ultrasonography. (Am J Osstet GYNECOL 


1990;163:1209-16.) 


Key words: Diabetes, maternal serum a-fetoprotein, glycosylated hemoglobin, fetal growth, 


neural tube defects 


Ultrasonic monitoring from weeks 7 to 14 has indi- 
cated that delayed growth during early development 
may occur in some pregnancies complicated by dia- 
betes.” The magnitude of the delay in growth has been 
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correlated with the degree of antecedent and prevailing 
disturbance in maternal metabolism as gauged by ele- 
vations in glycosylated hemoglobin at that time.* The 
retarding effect of poorly regulated maternal] diabetes 
on embryo growth has also been confirmed by direct 
analyses of conceptuses excised at the early postim- 
planation stage from rats rendered experimentally di- 
abetic by the administration of streptozocin before con- 
ception.® These findings have suggested that aberrant 
fuel metabolism in the mother can compromise normal 
developmental timetables, and are consistent with the 
hypothesis of “fuel-mediated teratogenesis” proposed 
by Freinkel.*” The relationships may also be relevant 
to the recent reports of lower values for maternal serum 
a-fetoprotein (AFP) in diabetic pregnancies,* ° and to 
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the.conflicting literature concerning the magnitude and 
temporal aspects of the association between maternal 
serum AFP and maternal glycosylated hemoglobin.'*" 

Correction factors linked to glycosylated hemoglobin 
have been proposed for the observed maternal serum 
AFP values in pregnancies complicated by diabetes on 
the assumption of some linear relationship.” It has also 
been suggested that glycosylated hemoglobin levels be 
checked in women with diabetes and that adjustments 
only be made on maternal serum AFP from women 
whose diabetes is not well controlled, rather than cor- 
recting maternal serum AFP values from all pregnant 
women with insulin-dependent diabetes with low ma- 
ternal serum AFP values.” We believe that these cor- 
rections may belie the complexity of the true relation- 
ships between developmental events, glycosylated he- 
moglobin, and maternal serum AFP and note that 
application of such corrections has not been shown to 
increase sensitivity and specificity. If the sites for ma- 
ternal serum AFP production are regulated by the same 
fuel-related phenomena that determines retardation of 
embryo growth, an attenuation of maternal serum AFP 
levels might be anticipated.” Moreover, the degree of 
attenuation should bear some relationship to the dis- 
turbance in maternal metabolism during embryogen- 
esis (as judged by glycosylated hemoglobin in early 
pregnancy) and by the impact of the faulty metabolism 
on the manifest growth of the conceptus shortly there- 
after (as judged by early ultrasonography). Because gly- 
cosylated hemoglobin reflects blood glucose levels 4 to 
8 weeks before sampling, values taken after 12 weeks 
of pregnancy may not reveal these associations. 

To test the above hypotheses, we determined 
whether (1) maternal serum AFP values are associated 
with the degree of diabetic control during embryogen- 
esis, as measured by glycosylated hemoglobin in early 
in pregnancy (4 to 12 weeks) rather than closer to the 
time of the sampling for the estimation of maternal 
serum AFP (14 to 24 weeks) and (2) whether delayed 
fetal growth is correlated with maternal serum AFP and 
the early glycosylated hemoglobin values. 


Material and methods 


Sample. Data were collected for patients seen at Pren- 
tice Women’s Hospital and Maternity Center of North- 
western Memorial Hospital. (The project had the ap- 
proval of the Human Subjects Committee of North- 
western University.) Maternal serum AFP screening has 
been routinely offered since 1984.'° We examined rec- 
ords from 1985 to 1988 of our patients with diabetes 
and selected all women with diabetes who also had ma- 
ternal serum AFP screening. Only the latest pregnancy 
of each woman was included in the sample so that each 
could be considered independent for purposes of sta- 
tistical ‘analysis. Multiple pregnancies were excluded. 
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We selected two of the glycosylated hemoglobin deter- 
minations available for each woman: (1) the earliest 
value obtained in the most recent pregnancy (67% be- 
tween 4 and 12 weeks) as a measure of diabetes control 
before entering our program; and (2) that value ob- 
tained closest in time to when the maternal serum AFP 
sample was taken (96% between 14 and 24 weeks). For 
nine women, only one glycosylated hemoglobin value 
was available; this value was used as both an “early” 
and “closest” one. Each patient’s clinical class was noted. 
The outcome of all pregnancies was determined. The 
93 patients with diabetes (White classes B to R) ascer- 
tained in this manner were compared with 4674 non- 
diabetic controls screened for maternal serum AFP 
during the same period. Information on maternal 
weight at the time that maternal serum AFP was mea- 
sured was available for 51 diabetic and 1129 nondi- 
abetic pregnant women. l 

Estimation of gestational age for maternal serum 
AFP standardization and glycosylated hemoglobin se- 
lection. Information on gestational age obtained from 
patient records included last menstrual period and all 
dates determined by ultrasonography. Gestational age 
on the basis of consideration of all available data was 
calculated according to the specifications of Depp“ and 
used for standardization of maternal serum AFP and 
for selecting the two glycosylated hemoglobin values 
used in our study. 

Maternal serum AFP values. The laboratory values 
of maternal serum AFP were expressed as nanograms 
per milliliter for each week of gestation using the Ab- 
bott polyclonal.enzyme immunoassay (Abbott Labs., 
North Chicago) for 71 patients. An additional 22 pa- 
tients had maternal serum AFP determinations by the 
Kallestad AFP/OB radioimmunoassay kit (Kallestad 
Laboratories Inc., Austin, Tex.) during 1985."* Multi- 
ples of the median were computed from internal stan- 
dards based on maternal serum AFP distributions com- 
puted for each gestational week for each assay. The 
distributions were also examined after application of 
weight corrections using the formula for expected mul- 
tiples of the median = ] (2658 - 0.00188 bə], i 

‘Glycosylated hemoglobin levels. Glycosylated he- 
moglobin determinations in the hospital laboratory are 


‘made at regular intervals during pregnancies of dia- 


betic women at our center with gel electrophoresis 
(Corning, Medfield, Mass.). Mean values for nongravid, 
nondiabetic individuals have averaged 6.2% with a stan- 
dard deviation of 0.85% (range, 5.3% to 7.2%). 

Fetal growth delay. For determination of fetal 
growth delay, gestational age based on last menstrual 
period was compared with that based on ultrasonog- 
raphy. A Kallestad diagnostic wheel was used to convert 
last menstrual period to gestational days at the time 
of ultrasound dating. The ultrasonographic estimate 
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Fig. 1A. Distribution of maternal serum AFP values in diabetic women (n = 93) compared with 
nondiabetic women (n = 4674). Units are multiples of median. 


of gestational age was obtained by the crown-rump 
length’ closest to 14 weeks (range, 5 to 13 weeks). This 
value was the average of three measurements made 
with dynamic-image ultrasonography by described 
methods.’® Forty-one of the 93 patients with diabetes 
had both last rnenstrual period and crown-rump length 
information available. These two estimates in days were 
then compared. 

Fetal growth delay in these 4] patients was defined 
by two separaie criteria based on whether ultrasonog- 
raphy provided lower estimates than last menstrual pe- 
riod (1) by =6 days, the criteria used by Pedersen 
et al.™* for early fetal growth delay; and (2) by =4 days, 
criteria accepted by ultrasonologists in our institution 
as evidence of delay. Means for glycosylated hemoglo- 
bin and materaal serum AFP (multiples of the median) 
were compared separately in those two groups versus 
all others. In addition, correlation coefficients were de- 
termined between (glycosylated hemoglobin and ma- 
ternal serum AFP) and all the differences in gestational 
age estimates, regardless of direction or magnitude. 

Statistical analysis. The distribution of maternal se- 
rum AFP in women with diabetes was compared with 
that of women without diabetes by x° analysis. A com- 
parison was also made after adjusting maternal serum 
AFP for weight. 


Product-moment correlation coefficients were com- 
puted between glycosylated hemoglobin and maternal 
serum AFP for all diabetics with either the earliest gly- 
cosylated hemoglobin assay, or the value of glycosylated 
hemoglobin obtained closest to when the maternal se- 
rum AFP sample was obtained. Correlations were also 
computed between glycosylated hemoglobin or mater- 
nal serum AFP and all differences in gestational age 
estimates regardless of direction or magnitude. Mean 
glycosylated hemoglobin (early) and maternal serum 
AFP levels for fetuses with growth delay were com- 
pared with all others by ¢ tests. These comparisons were 
made separately using criteria for delay of 26 days and 
=4 days. These two comparisons are not independent. 

Maternal serum AFP distribution in women with 
diabetes. There is a significant shift in the distribution 
of maternal serum AFP in diabetic women toward lower 
values (x? = 11.07, p < 0.05) (Fig. 1A). Weight adjust- 
ment improved the fit of diabetic to nondiabetic dis- 
tributions (x3 = 7.24, p > 0.05) (Fig. 1B). 

Association between maternal serum AFP and 
glycosylated hemoglobin. By inspection, no linear 
association was readily apparent between maternal 
serum AFP and either glycosylated hemoglobin value, 
although the correlation coefficient is significant {p < 
0.05) for the earliest glycosylated hemoglobin (r = 
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Fig. 1B.. Distribution of maternal serum AFP values after adjustment of weight (diabetic, n = 51; 


nondiabetic, n = 1120). 


~Q.20, r = —0.25 after weight adjustment). The na- 
ture of the association becomes clearer when the high- 
est values (upper quartile) of glycosylated hemoglobin 
are compared with the other three quartiles. Values for 
maternal serum AFP are scattered about the median 
for nondiabetic subjects up to a value for the early gly- 
cosylated hemoglobin of approximately 9.6% (Fig. 2A). 
(This would be approximately 4 SDs above the mean 
for normal, nonpregnant persons, according to gly- 
cosylated hemoglobin determinations as performed in 
our hospital laboratory.) Above this level, all maternal 
serum AFP values fell below the median for nondiabetic 
patients. This accounts for approximately. 25% of the 
diabetic population with a mean maternal serum AFP 
in that quartile of 0.68 in contrast to mean values of 
0.84, 0.82, and 0.86 in the other quartiles. This asso- 
ciation was noted with either assays of maternal serum 
AFP (Kallestad or Abbott) and persisted after adjusting 
maternal serum AFP for weight (Fig. 2B). This rela- 
tionship was not evident for glycosylated hemoglobin 
values obtained closer to the time of maternal serum 
AFP sampling (i.e., later glycosylated hemoglobin). 
Fetal growth delay, maternal serum AFP. Our subset 
of 41 patients for whom we had also obtained early 
estimates of crown-rump length by ultrasonography 
was representative of our total patient population of 


. 93 in exhibiting a similar association between glycosy- 


lated hemoglobin and maternal serum AFP (r = 
— 0.31). Estimates of embryo size by early ultrasonog- 
raphy compared with gestational age that is based on 
last menstrual period show that last menstrual period 
estimated dates are generally greater than those based 
on ultrasonography (29/41). Nonetheless, when we 
used “at least 6 days” (32% of our sample)** or “at least 
4 days” (i.e., 43% of our sample) as the criteria for 
“delayed growth,” we found that this population dis- 
played a general shift toward lower values for maternal 
serum AFP and higher values for glycosylated hemo- 
globin (Table I). Although these results are in the di- 
rection predicted by our hypothesis, the differences 
between mean maternal serum AFP and glycosylated 
hemoglobin of those with “delayed growth” versus 
those with “normal growth” were not statistically sig- 
nificant by ¢ tests. This is probably a result of small 
sample sizes, and a larger series may be necessary for 
definitive configuration. 

Although anomalies were recorded in nine of the 91 
live-born infants, no neural tube defects were found. 
The only major malformations occurred in two infants, 
one with a congenital heart defect (univentricular heart 
with tricuspid artesia; this infant also had a hemiver- 
tebra and scoliosis, maternal serum AFP = 0.76, and 
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Fig. 2A. Bivariate distribution of maternal serum AFP (multiples of median) and earliest glycosylated 
hemoglobin levels in 93 diabetic women (three are overlapping values). Values obtained with Abbott 
maternal serum AFP assay are distinguished from those with Kallestad assay. 


early glycosylated hemoglobin = 13.9%); and one had 
a cystic adenomatoid malformation of the lung (ma- 
ternal serum AFP = 0.43, and early glycosylated he- 
moglobin = 4.8%). One infant of a 44-year-old mother 
had Down syndrome (maternal serum AFP = 0.53, 
glycosylated hemoglobin = 10.1%). Too few anomalies 
were found in the subset with data available on early 
ultrasonography glycosylated hemoglobin, and mater- 
nal serum AFP to perform formal analysis of the pre- 
dictive value of these parameters, although both infants 
with major birth defects were associated with glycosy- 
lated hemoglobin values >4 SDs from the mean of 
normal values, and with maternal serum AFP below the 
median. l 


Comment 


We examined the relationship between maternal se- 
rum AFP and glycosylated hemoglobin levels in 93 
pregnancies complicated by diabetes and the associated 
ultrasonographic patterns of early fetal growth in 41 
of these cases. We found that reduction in maternal 
serum AFP values occurs when the metabolic distur- 


bances are most pronounced during early pregnancy, 
as judged by glycosylated hemoglobin values obtained 
when the patient first entered our program (67% dur- 
ing weeks 4 through 12). These values reflect the reg- 
ulation of maternal diabetes during the periconceptual 
interval when embryogenesis takes place. At glycosy- 
lated hemoglobin values of approximately 9.6% (that 
is, >4 SDs over the normal mean values in our hospital 
laboratory) and within the upper quartile for the dia- 
betic gravid patient in this series, all maternal serum 
AFP values were below the median (below 0.8 multiples 
of the median after adjustment for weight). Later val- 
ues for glycosylated hemoglobin values obtained near 
the time of maternal serum AFP sampling were not as 
informative. The latter are less likely to reflect the reg- 
ulation of maternal metabolism that prevailed during 
embryogenesis. At present we cannot explain the tem- 
poral discrepancies in our study and the findings of 
Reece et al.” of “inverse correlation between maternal 
serum AFP and the concentration of glycosylated he- 


‘moglobin when both assays were done within 6 weeks 


of each other (n = 47)... but not when glycosylated 
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Fig. 2B. Distribution of glycosylated hemoglobin sha maternal serum AFP after adjusting the latter 
for maternal weight. All of these assays were performed with the Abbott test kit (n = 51). 


Table I. Glycosylated hemoglobin and maternal serum AFP in fetuses “> T delayed fetal growth 


| Gheasylated hemoglobin (%) | pees (%) 


Maternal serum AFP 


Gestational age (LMP — US) shows delay of =6 days* 


6 days " £3 32 9.16 + 0.59 

Other 28 68 8.89 + 0.25 
TOTAL — 41 

Gestational age (LMP — US) shows delay of =4 dayst 

4 days 18 43 9.26 + 0.43 

Other 23 57 8.75 + 0.28 

"TOTAL 41 


LMP, Last menstrual period; US, ultrasonography. 
*Criteria of Pedersen et al.” ‘ 
tNorthwestern criteria. 


hemoglobin was measured in the first 2 months of ges- 
tation (n = 26).” . 

In view of these findings, discrepancies in glycosy- 
lated hemoglobin (or hemoglobin Ay.) and maternal 
serum AFP associations among several of the studies 
may be explained by the proportion of women with 
high glycosylated hemoglobin (or hemoglobin A,,) in 


6.6-14.2 0.72 + 0.08 0.34-1.21 
6.1-11.9 0.82 + 0.05 0.41-1.42 
6.6-14.2 0.71 + 0.06 0.34-1.21 
6.1-11.9 0.86 + 0.06 0.41-1.42 


these reports, the time in gestation at which the spec- 
imens for glycosylated hemoglobin were obtained, and 
the laboratory values defining the upper quartile. Neg- 
ative correlations are unlikely to appear if there are no 
increased levels of glycosylated hemoglobin, as is to 
have been the case likely in the nondiabetic pregnancies 
in which Baumgarten and Robinson’ found no asso- 
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ciations. Because the association in our study does not 
appear to be linear, statistical tests that assume linearity 
are questionable, although the correlation coefficient 
was significant in both our series and the studies by 
Baumgarten and Robinson." Indeed, the apparent dis- 
crepancies between the finding by Greene et al.” of no 
association and the negative associations that we and 
others have observed, may be reconciled by noting that 
the data of Greene et al. also show a decrease in ma- 
ternal serum AFP in the upper quartile of glycosylated 
hemoglobin, >9.4% as evident in our data (means = 
0.84, 0.82, 0.86, 0.69). Moreover, in the scattergram 
presented by Baumgarten and Robinson," maternal 
serum AFP values are reduced in the two patients in 
their series whose values for glycosylated hemoglobin 
were >4 SDs above the mean value for their normal 
pregnant women. 

The postulated interrelationship of maternal serum 
AFP and glycosylated nemoglobin has particular sig- 
nificance with regard to the use of maternal serum AFP 
as a predictive index of birth defects, fetal distress, and 
chromosomal aberrations. It has been shown that the 
incidence of birth defects is increased in fetuses with 
early growth delay,” > presumably when metabolic ab- 
normalities are at their highest level.* If so, a biphasic 
consequence might result. The delayed growth would 
reduce maternal serum AFP levels, in some way linked 
to the factors responsible for growth retardation, and 
the attendant birth defects or fetal distress would elevate 
maternal serum AFP values as a consequence of lesions 
at the site of the birth defect. Thus a normalization of 
maternal serum AFP might result as a consequence of 
these two opposing vectors. In view of these diverging 
possibilities, some estimate of embryo size as judged by 
early ultrasonography may be useful as an additional 
parameter for -nterpreting maternal serum AFP values, 
especially when the likelihood of birth defects in early 
diabetic pregnancy is greatest. 

Justification for adjustment of maternal serum AFP 
levels for weight, race, diabetic status, or glycosylated 
hemoglobin level has been based on observations that 
maternal serum AFP distributions vary according to 
those factors. However, improved sensitivity and spec- 
ificity must be established as resulting from application 
of these proposed corrections before they are applied 
for clinical screening. Indeed, because the prevalence 
of neural tube defects varies as a function of some of 
these variables, (e.g., maternal diabetes*°), and because 
the distribution of maternal serum AFP in affected fe- 
tuses when their mothers are classified by diabetic status 
is unknown, applying corrections could reduce sensi- 
tivity. This untoward outcome has been suggested for 
nondiabetic pregnancies using weight adjustments.” 

The only major malformations noted in our series 
were a congenital heart defect and a hemivertebra and 
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scoliosis in one infant, and a tumor of the lung in an- 
other. No neural tube defects were noted. Although 
maternal serum AFP values were low in both those 
infants and glycosylated hemoglobin levels were ele- 
vated well in excess of 4 SDs from the normal mean in 
our hospital laboratory, the numbers were too small for 
formal analysis of the interrelationship. 

We observed a trend of both low maternal serum 
AFP and high glycosylated hemoglobin values in preg- 
nancies that exhibited fetal growth delay, supporting 
our hypothesis that altered maternal metabolism effects 
on fetal growth are reflected in lowered maternal serum 
AFP. Larger sample sizes including more fetuses with 
anomalies and delayed growth will be needed to elu- 
cidate the overall associations. In the interim we suggest 
rather than applying corrections to maternal serum 
AFP, other than perhaps for weight, that special atten- 
tion be paid to pregnancies with low unadjusted ma- 
ternal serum AFP, or with elevated glycosylated he- 
moglobin values, or both, in the first trimester. If the 
glycosylated hemoglobin data are unavailable for that 
period, the maternal serum AFP level after 15 weeks 
may be a valuable indicator of earlier lack of control 
during embryogenesis and organogenesis, based on the 
negative association we report. Determination of gly- 
cosylated hemoglobin in the second trimester may not 
be a useful adjuvant because glycosylated hemoglobin 
reflects control 4 to 8 weeks earlier, which in this case 
may not be indicative of developmental problems that 
would have occurred earlier. Early determination of 
crown-rump length by ultrasonography may be rec- 
ommended as-an additional parameter for interpre- 
tation of maternal serum AFP. If further experience 
supports our preliminary findings, the triad of mater- 
nal serum AFP, glycosylated hemoglobin, and early ul- 
trasound, considered jointly, may well provide the most 
accurate determination of teratogenic risk in pregnan- 
cies of diabetic women complicated by diabetes mellitus. 


We thank Robert Mardur, MD, Jayme Borensztajn, 
MD, and the Department of Pathology for performing 
the laboratory assays, and Patricia Lathion, who assisted 
in the preparation of this article. 
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High infectious morbidity in pregnant women with 
insulin-dependent diabetes: An understated complication 


Eric F. Stamler, MD; Maria L. Cruz, MD, Francis Mimouni, MD, Barak Rosenn, MD," 
Tariq Siddiqi, MD, Jane Khoury, MS, and Menachem Miodovnik, MD* 


Cincinnati, Okio 


Patients with irsulin-dependent diabetes are prone to infection, possibly related to poor metabolic control. 
Relative immune deficiency exists in pregnancy. We hypothesized that pregnant patients with 
insulin-dependent diabetes are at an increased risk for infection and that infection is related to poor 
glycemic control. We matched 65 pregnant women with insulin-dependent diabetes to 65 nondiabetic 
pregnant controls. At least one episode of infection before delivery occurred in 83% of the women with 
insulin-dependent diabetes (26% in control group). The rate of postpartum infection was five times higher 
in the group with insulin-dependent diabetes and they were susceptible to more kinds of infections. 
Although there was no overall difference among the indices of glycemic control, hemoglobin A, obtained 
before the infection was higher than during infection. We conclude that a high rate of infection exists in 
pregnant women with diabetes; infection and poor glycemic control may be associated, but it is unclear 
whether improvement in metabolic contro! will reduce this high infection rate. (Am J OBSTET GYNECOL 


1990;163:121 7-27.) 


Key words: Diabetes, pregnancy, infection, glycohemoglobin 


Patients with insulin-dependent diabetes are at high 
risk for infection.’ Several deficiencies in the immune 
mechanism involving defective leukocyte and lympho- 
cyte activity’® may explain their propensity to infection. 
These deficiencies appear to be linked to poor glycemic 
control.*° 

Pregnancy is also generally thought to constitute a 
state of relative immune deficiency, specifically, im- 
paired cell-mediated immunity.” Thus pregnancy in 
the patient with insulin-dependent diabetes is likely to 
represent an additional risk factor for infection. 

This study was designed to test the hypotheses that 
(1) pregnant patients with insulin-dependent diabetes 
have a higher rate of antepartum and postpartum in- 
fections when compared with a pair-matched control 
population, and (2) high infection rates in pregnancy 
patients with insulin-dependent diabetes correlate with 
poor glycemic control. Specifically, glycemic control 
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during pregnancy is related to infection in pregnancy 
and glycemic control in the third trimester is related to 
postpartum infection. 


Material and methods 


In an interdisciplinary program at the University of 
Cincinnati designed to study the effects of glycemic 
control on the course and outcome of pregnancy in 
patients with insulin-dependent diabetes, 307 pregnan- 
cies In diabetic patients were prospectively followed 
from 1978 to 1988. To avoid possible biases and the 
confounding effect of preterm or prolonged rupture 
of membranes, labor, or vaginal deliveries on the in- 
cidence of infection, only 65 patients with insulin- 
dependent diabetes delivered by elective cesarean sec- 
tion for previous cesarean delivery were included in 
this study. According to White’s classification, 16% of 
these patients with insulin-dependent diabetes were in 
class B, 33% were in class C, and 51% in class D to RT. 
The study group was retrospectively compared with a 
control group of 65 nondiabetic controls (normal glu- 
cose challenge at 28 weeks’ gestation'') who were also 
delivered by repeat elective cesarean section. Control 
patients were randomly selected by computer after 
careful matching by gestation (+ 2 weeks), parity, age 
(+ 3 years), year of delivery, presence or absence of 
labor, and care by the same obstetrician (Table I). Com- 
plete medical and obstetric histories were recorded for 
each patient. Control patients were seen monthly until 
the thirty-sixth week of gestation, then weekly there- 
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Table I. Demographic data in diabetic and 
control populationsf i 


Diabetic Control 
(n = 65) (n = 65) 


Age (yr) 27.7 + 0.57 284+ 0.52 
Gestation (wk) 37.0 + 0:20 37.8 + 0.26 
Parity 2.2 +0.11 2.2 + 0.09 
White 59 (91%) 59 (91%) 
Presence of labor at delivery 16 (25%) 16 (25%) 


*Data expressed as mean + SEM or number and percent. 
tThere were no significant differences between groups. 


Table II. Infection rates in diabetic and 
control populations* 


Antepartum | 


At least one episode 54 (83%) 17 (26%) p<0.01 
No. of episodes per 1.58 + 0.14 0.34 + 0.08 p< 0.01 
woman , 


Postpartum 
Àt least one in- 
fection 
No. of infections 
per woman 


16 (24%)  3(5%) p<0.01 


0.29 + 0.07 0.05 + 0.03 p< 0.01 


*Data expressed as mean + SEM or number and percent. 


after. Because the nature of their disease, patients with 
insulin-dependent diabetes were seen every 1 to 2 
weeks. 

In patients with insulin-dependent diabetes, glycemic 
control was obtained with split-dosage regimens of in- 
sulin using both short- and intermediate-acting prep- 
arations in combination with dietary regulation. The 
goals of glycemic control were a fasting blood glucose 
concentation of <100 mg/dl and a 90-minute post- 
prandial glucose concentration of <140 mg/dl. Patients 
were hospitalized when necessary to maintain these 
goals of glycemic control. Maternal blood hemoglobin 
A, concentrations were measured at entry and every 4 
weeks using the Isolab column chromatography, with 
an interassay coefficient of variation of 7.2% and a nor- 
mal nonpregnant range of 5.5% to 8.5%.” Preprandial 
or postprandial capillary glucose concentration were 
alternately measured at each weekly visit with a reflec- 
tance meter (Dextrometer, Ames Division, Miles Lab- 
oratories, Elkhard, Ind.). Results for fasting glucose (or 
postprandial glucose) were averaged for each trimester 
and expressed as mean fasting glucose (or postprandial 
glucose) per trimester. 

Patients were evaluated for infection only if they were 
symptomatic. Infections were classified according to 
time of onset during pregnancy (antepartum vs post- 
partum), by system involved (urinary, genital, gastro- 
intestinal, respiratory, specific viral syndromes, wound 
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infection, and endometritis), and by specific infective 
agent (bacterial, protozoal, viral, fungal). The following 
criterla were required for the diagnosis of an acute 
infection: (1) culture of a specific organism from a rel- 
evant specimen or positive wet smear, potassium hy- 
droxide preparation or Gram stain from a relevant 
specimen for the diagnosis of vaginitis, urinary tract 
infection or cystitis, or wound infection; (2) physical 
symptoms of either fever, rhinorrhea, cough, myalgia, 
or headache for the diagnosis of respiratory tract in- 
fections or presumed viral syndrome; (3) physical 


symptoms of diarrhea, vomiting, or both for the di- 


agnosis of gastroenteritis; (4) presence of uterine ten- 
derness and fever for the diagnosis of endometritis. 

Data were analyzed with the SAS program (SAS In- 
stitute, Cary, N.C.). Continuous data were tested for 
normality and were analyzed, after appropriate trans- 
formation when necessary, by means of analysis of 
variance techniques and Student’s ¢ test. When trans- 
formation was not possible, nonparametric techniques 
were used; x° or Fisher’s exact test were used as tests 
for categoric variables. Logistic regression analysis was 
used to determine the combined effects of factors 
found to be significant in univariate analysis and to 
test their possible interaction. Data are expressed as 
mean + SEM. A p value <0.05 was considered signif- 
icant. 


Results 

Infection rates are presented in Table II. There were 
significantly more women in the group with insulin- 
dependent diabetes who had at least one episode of 
infection during pregnancy than women in the control 
group (83% vs 26%, p < 0.01). Postpartum infection 
rates were also significantly higher in the diabetic group 
(24% vs 5%, p < 0.01). The mean number of infectious 
episodes per women was also higher in the group 
with insulin-dependent diabetes in both the antepar- 
tum (1.58 + 0.14 vs 0.34 + 0.08), and postpartum 
(0.29 + 0.07 vs 0.05 + 0.03, p < 0.01 using Wilcoxon 
rank-sum). 

The types of infection are presented in Tables ITI 
and IV. Women in the group with insulin-dependent 
diabetes demonstrated significantly higher rates of uro- 
genital, respiratory tract, wound, and endometrial in- 
fections compared with the control group. Of the var- 
ious infective agents tested, only Candida infection was 
found more frequently in the group with insulin- 
dependent diabetes (p < 0.01). 

The relationship between infection in women with 
insulin-dependent diabetes and glycemic control is pre- 
sented in Tables V and VI. There was no significant 
difference in the mean hemoglobin A,, fasting glucose, 
and postprandial glucose measurements in each period 
between the group with infection in that trimester and 
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the group without infection in the same trimester in 
both the antepartum and postpartum periods. 

To further define the temporal relationship between 
glycemic con:rol and infection and to remove the pos- 
sible confounding effect of repeated infection on he- 
moglobin A, concentrations, we analyzed hemoglobin 
A, concentrazions in two ways. (1) The mean hemoglo- 
bin A, obtained before the first infectious episode in 
women with insulin-dependent diabetes in whom in- 
fection developed was compared with the mean he- 
moglobin A, of the same women obtained around the 
time of the infection (within 2 weeks before to 6 weeks 
after the infection), and was found to be significantly 
higher (9.5 + 0.31 vs 8.5 + 0.32, n = 34, p< 001). 
(2) The mean hemoglobin A, at 9 weeks was compared 
among three groups of women: (a) those who had no 
infection at 9 weeks but in whom infection subsequently 
developed between 10 to 20 weeks (n = 18); (b) those 
who had their first episode of infection later than 20 
weeks’ gestation (n = 12), and (c) those in whom an- 
tepartum infection never developed (n = 9). The 
mean + SEM values were 9.72 + 0.48, 9.42 + 0.56, 
and 9.06 + 0.50, respectively (no significant differ- 
ences). 


Comment 


Our data show that patients with insulin-dependent 
diabetes are at high risk for infectious complications 
both during pregnancy and in the postpartum period. 
We cannot exclude the possibility that there could have 
been underreporting of infections in the control group, 
since women in this group were not seen at follow-up 
as frequently as women with insulin-dependent dia- 
betes, which could conceivably result in a spuriously 
inflated difference between the two groups. However, 
the method of reporting was similar in both groups, 
and only faulty recollection may have biased the results. 
We believe that underreporting cannot fully account 
for the large difference in the rates of infection between 
the two groups. Furthermore, the significantly higher 
incidence of infection in the group with insulin- 
dependent diabetes in the postpartum period, a time 
when both groups are equally followed up, strengthens 
the conclusion that the pregnant woman with diabetes 
is indeed more prone to infection. 

The risks for infection in this population may be 
related to the relative immune deficiencies induced by 
diabetes. Defective leukocyte chemotaxis,? depressed 
lymphocyte response to phytohemagglutinin,? im- 
paired grarulocyte adherence,’ and impaired granu- 
locyte phagocytosis” ° have been implicated. Pregnancy 
itself is alsc thought to alter host susceptibility to in- 
fection. Although humoral immunity appears to be un- 
altered,’ depression of selective aspects of cell-mediated 
immunity, such as depressed lymphocyte proliferation 
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Table III. Type of infection in diabetic and 
control populations 


dia [et [Sie 


Antepartum infection 
At least one infection 


(n, 7%) 
Urinary 8 (12%) 4(6%) p<0.05 
Genital 27 (42%) 5 (8%) p<0.01 
Gastroenteritis 17 (26%) 3 (5%) p<0.01 
Hepatitis 0 0 — 
Respiratory ` 39 (60%) 7 (11%) p<0.01 
Postpartum. infection 
At least one infection 
(n, %) 
Wound infection and/or 5 (8%) 0(0%) p< 0.05 


endometritis 


Table IV. Infection rate by organism in 
diabetic and control populations* 


Diabetic Control 
(n = 116) | (n = 28) | Significance 


Organism 


Bacterial infec- 23 (20%) 11 (39%) NS 
tion (n, %) 
Escherichia coli 5 (4%) 4 (14%) 
Streptococcus 4 (3%) 5 (18%) 
Bacteroides 0 0 
Chlamydia 1 (1%) 0 
Enterobacter 0 
Gonorrhea 1 (1%) 0 
Gardnerella 9 (8%) 1 (4%) 
Klebsiella 1 (1%) 0 
Proteus 0 0 
Staphylococcus 2 (2%) 1 (4%) 
Pseudomonas 0 0) 
Treponema pal- 0 0 
hdum 
Protozoa (Tricho- 3 (3%) 1 (4%) NS 
monas) ln, %) 
Viral infection 57 (49%) 14 (50%) NS 
(n, %) 
Herpes 2 (2%) 1 (4%) 
Cytomegalo- 0 0 
virus 
Rubella 0 0 
Varicella 0 0 
Presumed viral 55 (47%) 13 (46%) 
syndrome 
Fungi (Candida 33 (28%) 2 (7%) 0.01 


albicans) (n, %) 


*Whenever organism was recovered by culture or identified 
by direct examination (Candida, Trichomonas, nonspecific vag- 
initis). 


and alterations in monocyte/lymphocyte ratios have 
been reported.” ®* Epidemiologic evaluation of infec- 
tion in pregnancy is suggestive of a change in cell- 
mediated immunity." 

The diabetic gravid woman thus poses a special ther- 
apeutic challenge to the clinician. There are few studies 
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Table V. Relation of prepartum infection to glycemic control in diabetic women* 


With prepartum infection Without preparium infection 
(n)T (n) 


Significance} 





Glycosylated hemoglobin 
(70) 
8.99 + 0.47 NS 


Trimester 1 9.69 + 0.38 

Trimester 2 8.06 + 0.29 7.70 + 0.40 NS 

Trimester 3 7.65 + 0.23 7.48 + 0.17 NS 
Mean preprandial glucose 

concentration (mg/dl) 

Trimester 1 132 + 12 110 + 2] NS 

Trimester 2 113 + 10 98 + 13 NS 

Trimester 3 130 + 12 119 + 16 NS 
Mean postprandial glucose l 

concentration (mg/dl) 

Trimester 1 154 + 10 142 + 18 NS 

Trimester 2 148 + 11 162 + 21 NS 

Trimester 3 143 +9. 142 + 15 NS 


*Mean + SEM. 
Wilcoxon rank-sum (one-tailed test). 


For each period: trimester 1 n = 24; trimester 2 n = 32; trimester 3 n = 24. 


§For all trimesters n = 9. 


Table VI. Relation of postpartum infection and glycemic control in diabetic women* 


Glycosylated hemoglobin 


(%) 

Delivery 7.46 + 0.31 

Postpartum : 8.48 + 0.41 
Mean preprandial glucose 

concentration (mg/dl) 

Delivery 123 + 12 

Postpartum 155 + 19 
Mean postprandial glucose 

concentration (mg/dl) 

Delivery Sas 138 + 15 

Postpartum 113 + 29 


*Mean + SEM. 
+ Wilcoxon rank-sum (one-tailed test). 


of infection in diabetic pregnancies. In 1973 Vejls- 
gaards reported an increased incidence of urinary tract 
infection in diabetic gravid women compared with non- 
diabetic gravid women." In a study restricted to post- 
partum infections, Diamond et al.’ also observed an 
increased rate of postpartum wound infection, endo- 
metritis, or both in diabetic pregnant women. Our 
study confirmed these findings and evaluated a broader 
range of infectious agents and involved more organ 
systems. Our data show that diabetic gravid women are 
also more susceptible to gastrointestinal, respiratory, 
and wound infections when compared with a matched 
control population. 

The association between glycemic central and infec- 
tion is difficult to explore because infection may the- 
oretically cause, or be caused by, poor glycemic control. 


With postpartum Without postpartum 
infection infection Significancet 


7.62 + 0.21 NS 
8.8 + 0.32 NS 
132 +9 NS 
160 + 14 NS 
147 + 11 NS 
180 + 34 NS 


Rayfield et al.'° demonstrated a striking direct corre- 
lation between the overall prevalence of infection and 
the mean plasma glucose concentrations (representing 
three or more fasting glucose concentrations taken at 
times when no evidence of infection existed) in 241 
nonpregnant diabetic women. Glycemic control was not 
evaluated in the studies by Vejlsgaards'* and Diamond 
et al.” We attempted to relate glycemic control tem- 
porally to the incidence of infection of the women with 
insulin-dependent diabetes and found conflicting re- 
sults. The differences in indices of glycemic control 
between the subgroup in whom infection developed 
and the subgroup in whom infection did not develop 
were not statistically significant. Further analysis 
showed that the mean hemoglobin A, obtained before 
the first infectious episode was significantly higher than 
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the mean hemoglobin A, of the same women obtained 
around the time of infection. Although the clinical sig- 
nificance of a small difference in hemoglobin A, con- 
centrations may be doubtful, the theoretic implications 
of such a difference may be valuable. Because glycemic 
control is ordinarily hampered during infection and 
hemoglobin A, level was actually higher before the in- 
fection than during the infection, this may favor the 
thesis that poor glycemic control temporally precedes 
infection. Since hemoglobin A, gradually decreases as 
pregnancy progresses and glycemic control is 
achieved,” it is difficult to ascertain whether the statis- 
tically significant difference in hemoglobin A, before 
and during the infection can be attributed to this nat- 
ural decline or to the relationship between glycemic 
control and infection. Thus the specific role of glycemic 
control in the aggravation of the risk of infection in 
pregnancy remains unanswered. 

In conclusion, despite advances in current medical 
care, the diabetic pregnant woman is at significant risk 
for the development of infection involving most organ 
systems in both the antepartum and postpartum peri- 
ods. Infection appears to be associated with poor gly- 
cemic contrcl, but the temporal relationship is difficult 
to analyze. Whether further improvement in metabolic 
control will reduce the risk for infection in the pregnant 
woman with insulin-dependent diabetes is unclear at 
this time. 
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The effect of race on the relationship between fetal death and 


altered fetal growth 


Richard Ferguson, MS," and Stephen A. Myers, DO” 
Chicago, Illinois 


This population study examines racial differences in the relationship between birth weight and fetal death. 
An earlier report showed that a birth weight that results in a fourfold increased risk of stillbirth is not a 
constant birth weight percentile (2nd percentile at 25 weeks, 17th percentile at 42 weeks). This analysis 
was applied to 782,430 white and biack births in Illinois from 1980 to 1984. Mean and 10th percentile 
growth for white and black infants is identical before 34 weeks’ gestation and growth diverges by 250 gm 
at term, with white infants being larger. Race-specific birth weights resulting in quadrupling of the stillbirth 
rate were determined with an exponential regression analysis of the relationship between birth weight and 


fetal death rate for each gestational age. The data indicate (1) that the birth weights resulting in 
quadrupling the stillbirth rate are substantially above the Denver 10th percentile and the previously 
unpublished race-specific Illinois 10th percentiles and (2) that at term white infants demonstrate this 
constant risk at the 12th percentile, whereas black infants exhibit the risk at the 18th percentile. From 
these data we conclude that black fetuses are more sensitive than white fetuses to factors that adversely 
affect growth and that continued use of “race-neutral” data for clinical management in racially 
heterogenous populations will not accurately predict the risk of stillbirth. (Am J OBsTeT GYNECOL 


1990;163:1222-30,) 


Key words: Race, growth, birth weight, fetal death 


The clinical evaluation of altered fetal growth during 
pregnancy largely depends on identification of fetuses 
predicted to lie below some standard point for any 
given gestational age, usually below the 10th percentile 
for birth weight. After birth the diagnosis is either con- 
firmed or refuted with a similar approach. Ina previous 
analysis of >850,000 births in Illinois between 1980 and 
1984, we found that the 10th percentile of birth weight 
does not result in a constant outcome at each gestational 
age.' Specifically, quadrupling of the fetal death rate 
occurs at the 2nd percentile of birth weight at 25 weeks 
compared with the 17th percentile at 40 weeks’ gesta- 
tion. Moreover, the birth weights at which this increased 
fetal death rate occurs differ considerably from the 
published Denver 10th percentile and, importantly, 
from the previously unpublished Illinois 10th percen- 
tile curve.’ | 

The effect of race on the relationship between birth 
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weight and gestational age has received some attention 
over the years in the medical literature.** However, it 
is still common practice to evaluate altered growth by 
using “race-neutral” criteria.? The purpose of this study 
is to examine the effect of race on the outcome-oriented 
risk assessment previously reported, as determined by 
the birth weight that results in the quadrupling of the 
stillbirth rate versus gestational age. If substantial dif- 
ferences in race-specific outcome data exist, the further 
utility of “race-neutral” data for clinical management 
would be questioned. 


Material and methods 


The state of Illinois computer data file of all births 
in Illinois between 1980 and 1984 contains data on 
796,475 singleton births for which either birth or death 
certificate includes birth weight, gestational age, and 
white or black race. Working certificates are completed 
at the hospital of birth and are sent to the Illinois De- 
partment of Public Health where final certificates are 
prepared and the data entered into the computer data 
file. In Illinois 10% of the live births are to Hispanic 
mothers. However, until 1988 no separate identifier 
was present on the Illinois fetal death certificates. 
Therefore, separate Hispanic analysis could not be per- 
formed.’ For whité and black infants, we determined 
the number of fetal deaths at each gestational age along 
with race-specific mean and modal birth weights for 
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Table I. Gestational age and birth weight distribution, white births 

















Gestational No. itve-born No. stillborn 





age (wk) (n = 620,088) (n = 3,650) 
25 527 151 
26 606 130 
27 553 140 
28 643 13] 
29 787 124 
30 974 169 
31 1366 142 
32 1855 166 
33 3150 182 
34 6540 193 
35 10927 178 
36 18541 253 
37 35303 268 
38 75115 293 
39 136825 331 
40 154880 300 
41 113180 258 
49 58316 24] 


each gestational age using the univariate procedure of 
Statistical Analysis System (SAS Institute, Inc., Cary, 
N.C.). Obvious outliers (several newborns with birth 
weights >4000 gm at 25 weeks were found) were elim- 
inated below 34 weeks by the following correction pro- 
cedure. Because these outliers would affect only the 
mean, an assumption was made that the birth weight 
distribution at any given gestation was symmetric about 
the mode. We determined the number of 100 mg units 
for birth weights lower than the mode that contained 
at least 2% of the births for that gestational age. That 
number of 100 gm units was then counted off for birth 
weights higher than the mode. All births above that 
point were discarded. No correction of the data was 
performed beyond 34 weeks’ gestational age. Asa result 
a total of 8,637 live births and 63 stillbirths were de- 
leted, leaving 787,775 deliveries for subsequent anal- 
ysis. These corrected data were used to determine the 
race-specific mean birth weight and race-specific 10th 
percentile determinations for each gestational age 
(Table I). 

For each race and within each gestational age group, 
the fetal death rate was determined for each birth 
weight increment of 100 gm. This was calculated by 
taking the number of fetal deaths divided by the total 
number of live births plus fetal deaths in births occur- 
ring in eacn 100 gm increment. Within each gestational 
age group, an exponential regression analysis of the 
relationship between birth weight and fetal death rate 
was made. For each gestational age, a nonlinear, inverse 
relationsh:p was observed; as birth weight decreases, 
the fetal d2ath rate increases in an exponential fashion. 
The fetal death rate at the modal birth weight was 
multiplied four times, and an estimate of the birth 


Fetal death rate 
at mode 
(n/ 1000) 











Modal 
birth weight 


(gm) 






10th Percentile 
(gm) 


Mean birth 
weight (gm) 











147.00 746 137 455 
47.00 818 964 512 
112.00 931 907 535 
48.00 1136 1219 670 
35.00 1276 1361 714 
75.00 1484 1474 834 
28.00 1798 1814 1094 
19.00 1952 1899 1272 
11.00 2264 2240 1561 
9.0 2741 2381 1868 
5.9 2892 2637 2095 
4.7 3022 2835 2303 
1.6 3165 3062 2512 
0.9 3309 3175 2705 
0.7 3440 3402 2852 
0.6 3539 3629 2944 
0.7 3614 3629 3000 
LS 3637 3629 2992 


weight at which the modal fetal death rate quadrupled 
was determined (designated BWepri.). This process has 
been reported previously in detail.' This procedure was 
repeated for each gestational age week within each ra- 
cial group, and the results are tabulated both in grams 
and as race-specific birth weight percentile. Smoothed 
“curves” for mean, 10th percentile, and birth weight at 
which the modal fetal death rate quadrupled were con- 
structed with use of third-degree polynomial regression 
analysis. 


Results 


The number of live births, fetal deaths, mean, and 
modal birth weights for each gestational age are tab- 
ulated for white and black births in Tables I and II, 
respectively. Table III contains the race-specific 10th 
percentile, and the birth weight resulting in quadru- 
pling of the modal fetal death rate, expressed in grams 
and percentile for each race. 

Comparison of white and black birth weight versus 
gestational age curves is represented in Fig. 1. As seen 
in the figure, the mean and 10th percentile curves are 
nearly identical before 34 weeks’ gestation. After 34 
weeks there is a gradual increase in mean and 10th 
percentile birth weights among whites of 250 gm by 40 
weeks’ gestational age. 

The comparison of the race-specific 10th percentile 
of birth weight to the race-specific birth weight result- 
ing in the quadrupling of the modal stillbirth rate are 
shown for white and black births in Figs. 2 and 3, re- 
spectively. As shown in Fig. 2, for white patients the 
birth weight resulting in a constant stillbirth rate is par- 
allel to the 10th percentile, generally around the 12th 
percentile. In contrast, black infants do not achieve this 
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Table II. Gestational age and birth weight distribution, black births 











No. 
stillborn 
(n = 1695) 





No. live-born 
(n = 162,342) 


Gestational 
age (wh) 





Fetal death rate 
at mode 
(n/ 1000) ` 












Modal 
birth weight 


(gm) 








Mean birth 
weight (gm) 


LO0th Percentile 
(gm) 








25 481 107 53.00 739 794 443 
26 512 89 80.00 901 964 461 
27 487 77 85.00 998 1021 508 
28 553 85 45.00 1140 1304 597 
29 643 96 102.00 1296 1191 706 
30 760 78 57.00 1473 1361 853 
31 943 105 23.1 1682 1814 1009 
32 1345 68 25.3 1954 1800 1272 
33 2114 96 18,0 2203 2050 1518 
34 3397 95 9.6 2437 2350 1782 
35 6461 96 3.5 2802 2637 2048 
36 9347 117 2.8 2892 2863 2192 
37 14915 122 2.0 3005 2920 2369 
38 24630 125 1.1 3118 3062 2514 
39 33641 106 0.8 3214 3260 2615 
40 30972 110 0.7 3287 3402 2674 
4] 20204 69 0.9 3330 3402 2695 
42 10937 54 0.8 3327 3260 2688 





Table III. Comparison of 10th percentile birth weight and birth weight resulting in a a stillbirth 


rate for white and black births 








White births Black births 
B W rors B Wrors 
Gestational 10th Percentile BW oni as 10th percentile BW iba as 
age (wk) (gm) (gm) percentile (gm) (gm) percentile 

25 455 227 ] 443 507 26.0 
26 512 606 18.5 46] 330 5.0 
27 535 460 6.0 508 440 7.9 
28 670 824 19.5 597 718 15.5 
29 714 917 20 706 224 1.0 
30 834 854 1] 853 764 7.0 
3) 1094 1310 18.5 1009 1302 23.0 
32 1272 1448 17.5 1272 1141 6.0 
33 1561 1836 22 1518 1510 9.5 
34 1868 1956 12.5 1782 1815 11.0 
35 2095 2133 ll 2048 2191 15.0 
36 2303 2330 11 2192 2376 17.5 
37 2512 2626 14.5 2369 2463 14.0 
38 2705 2764 18.5 2514 2626 15.0 
39 2852 2930 13.0 2615 2715 14.0 
40 2944 3062 15 2674 2896 20.5 
41 3000 3063 12.5 2695 2850 16.5 
42 2992 3020 1] 2688 2850 18 


BWrorso Birth weight at which modal fetal death rate quadrupled. 


magnitude of risk until reaching birth weight less than 
the 5th percentile in earlier gestation, whereas this risk 
is reached with infants in the 15th to 18th percentile 
at term (Fig. 3). 


Comment 


These population-based data support two important 
conclusions. First, race-specific mean and 10th percen- 
tile birth weight curves for white and black newborns 
do not differ substantially before 34 weeks’ gestation 
and diverge by approximately 250 gm at term. Second, 
the race-specific birth weight that results in quadru- 


pling of the fetal death rate, expressed in either grams 
or as race-specific birth weight percentile, is not the 
same for white and black patients. Because both race- 
specific risk curves are above the race-specific 10th per- 
centiles, and substantially above the Denver 10th per- 
centile, continued widespread use of the Denver data 
must be questioned (Fig. 4, shaded areas). Fetuses or 
newborn within the shaded area are not currently con- 
sidered either as having growth retardation or as being 
at substantial risk. However, as these data indicate, fe- 
tuses within this area have greater than a fourfold in- 
creased risk of stillbirth compared with their more nor- 
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Fig. 1. Smoothed growth “curves” of mean and 10th percentile for white and black patients. Thin 


lower line represents the Denver 10th percentile. 


mally grown (modal birth weight). peers. As a result 
significant underestimations of risk occurs for this 
group. This is precisely the period in gestation when 
the majority of nongenetic factors associated with al- 
tered growth exert their effect. Before this period the 
Denver data tend to overestimate risk, especially for 
black infants. However, since clinical recognition of in- 
trauterine zrowth retardation at this stage is uncom- 
mon, this overestimation has not had much relevance. 
Moreover, the small sample size of Denver data at this 
“end of the curve” raises the possibility of statistical 
inaccuracy related to curve fitting accounting for much 
of the discrepancy, compared with the larger numbers 
reported from Illinois. 

Relative risks calculated with both the Denver data 
and the race-specific data are listed in Table IV. Com- 


parison of these risk multiples demonstrates the mag- 
nitude of underestimation that would result from con- 
tinued use of those data. As seen in Table IV, for white 
births the use of the 10th percentile would predict an 
average 4.9-fold risk of stillbirth at the modal birth 
weight beyond 33 weeks’ gestation. By comparison, use 
of the 1Cth percentile for black births would result in 
an average of 6.1-fold risk of stillbirth rate for the same 
period of pregnancy. Importantly, use of the Denver 
10th percentile results in an unacceptably high relative 
risk of still birth: from 11 to 22 times the modal fetal 
death rate for white births (from 34 to 40 weeks’ ges- 
tation, see table). Similarly, a somewhat smaller but 
comparably increased risk would result from use of the 
Denver 10th percentile to predict risk of stillbirth for 
blacks. 
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Fig. 2. Relationship between birth weight predicted to result in quadrupling of fetal death rate of 
each gestational age compared with 10th percentile for white patients. Shaded area represents birth 


weights underestimated to be at risk if race-specific 10th percentile were used. 


There have been previous attempts to compare birth 
weights of white and black newborns.® *° Although 
some of these studies suffer from either small total 
samples or large data sets only after 28 to 30 weeks, 
the results vary little from these data. The study of 
Brenner et al.* has been consistently used as a “stan- 
dard” in the United States. Although percentiles for 
only the pooled data (race-neutral) are recorded, race- 
specific mean birth weights for each’race are given, but 
only in a figure inset and only beyond 36 weeks. In Fig. 
3 of their study, a 225 gm mean birth weight difference 
between white and black infants is shown at 40 weeks’ 
gestation. This does not differ much from the 250 gm 
difference we report at 40 weeks’ gestation (Tables I 


and II). Unfortunately, there is no race-specific 10th 
percentile data in the Brenner paper. We speculate that 
if this had been calculated, percentiles similar to our 
own data would have been generated. Consequently, 
there is little reason to suspect that significant geo- 
graphic differences exist for white and black patients. 
Any race-specific growth curve would be as useful in 
New York or California as in Chicago. Unlike the Bren- 
ner data, our population-based data includes race- 
specific mean and 10th percentile of birth weight for 
each gestational age between 25 and 42 weeks. 

The relationship between percentile growth and risk 
has not been precisely defined in the medical literature. 
Problems with standards for diagnosis of growth re- 
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Fig. 3. Relationship between birth weight predicted to result in quadrupling of fetal death rate of 
each gestational age compared with 10th percentile for black patients. Shaded area represents birth 


weights underestimated to be at risk if race-specific 10th percentile were used. 


tardation have recently been described by Goldenberg 
et al.!' They recommended use of a national standard 
based on growth, at least partially recognizing diffi- 
culties related to heterogenous populations. However, 
they did not evaluate the use of an outcome-oriented 
risk assessment on determining the “standard,” ds dis- 
cussed in our earlier analysis of this relationship. We 
observed that at each gestational age, the risk of still- 
birth increases exponentially as birth weight decreases. ! 
Unless the exponential nature of the relationship is 
appreciated, a tendency to underestimate risk occurs 
as birth weight becomes progressively smaller. More- 
over, by determining an outcome-oriented criteria for 
assessing risx (the birth weight that results in quadru- 


pling the stillbirth rate), we observed that this risk is 
not the same birth weight percentile from 25 to 42 
weeks’ gestation.' When this was observed in our earlier 
work, the analysis was applied with use of race-specific 
data to determine what racial difference in response to 
factors causing altered growth may exist. 

When the data from the original analysis are com- 
pared with these data, it can be shown that given a 
populatior. containing 20% blacks (as in Illinois), the 
addition of risk curves for whites and blacks would 
result in the curve originally reported.’ It also follows, 
that as the racial make-up of any given population var- 
ies, so too would any single risk curve, and thus the 
10th percentile. The continued reliance on race- 
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Fig. 4. Comparison of smoothed race-spécific risk curves compared with Denver 10th percentile. 
Heavier shaded area represents birth weights underestimated at risk for blacks compared with Denver 
10th percentile. Lighter shaded area represents comparable weights for wits infants. 


neutral, “homogenous” data sets for clinical assess- 
‘ments about growth, and therefore risk should be re- 
' placed. Data that is race-specific will surely result in 
more accurate determinations. As seen in Fig. 2, the 
risk curve for white patients consistently runs parallel 
and just above the 10th percentile, approximately the 
12th percentile. In contrast, black infants demonstrate 
the same risk at progressively higher race-specific birth 
weight percentiles after 34 weeks’ gestation, reaching 
the 18th percentile at 40 weeks. By comparison of the 
two race-specific birth weight percentiles resulting in 
the same adverse outcome, inferences about racial dif- 
ferences to the response to factors causing dimished 
fetal growth can be made. Specifically, whereas a white 
infant must “reach” the 12th percentile at term to have 


a quadrupled risk of stillbirth, a black infant has the 
same risk at a larger comparative birth weight for its 
race, the 18th percentile. If the exponential nature of 
the relationship between birth weight and fetal death 
is considered, it can be seen that if the black infant were 
to reach the 12th percentile, a five to six times increased 
risk of stillbirth would occur. After 34 weeks’ gestation, 
black fetuses are more sensitive than white fetuses to 
factors causing altered fetal growth. The increased sen- 
sitivity results in an increased risk of stillbirth. Unless 
this increased sensitivity of blacks compared with whites 
is appreciated, further underestimations of risk for this 
group can occur. Similarly, although white fetuses may 
be relatively more resistant to altered growth, a differ- 
ence of as much as 400 gm separates the white risk 
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Table IV. Relative risk of fetal death for white and black births 


White births 





Multiple of modal 


Black births 





Multiple of modal 


FDR with Illinois Multiple of modal FDR with Ilinois Multiple of modal 
Weeks’ 10th percentile FDR with Denver 10th percentile FDR with Denver 
gestation for white births 10th percentile for black births 10th percentile 
25 2.2 1.5 5.5 2.6 
26 5.8 3.4 3.0 2.0 
27 a2 1.7 3.4 _ 2.0 
28 6.9 4.7 5.3 3.5 
29 75 4.6 2.0 1.6 
30 4.2 E. 3.3 2.3 
31 {Bs 6.7 8.8 6.5 
32 6.8 7.3 5:0 3.2 
33 10.0 17.8 3.9 5.3 
34 5.3 13.8 4.4 7.4 
35 4.4 11.5 6.3 16.0 
36 4.3 13.0 6.8 16.0 
37 5.8 2 L9 5.3 12.0 
38 4.9 22.6 6.7 13.0 
39 5.0 17.6 5.1 8.3 
40 5.5 13.2 7.3 9.6 
4] 4.6 11.0 5.9 6.6 
42 4.3 7.8 8.0 7.0 


FDR, Fetal death rate. 


curve from the Denver tenth percentile. As a result 
significant underestimation of risk for white fetuses re- 
sults as long as use of the Denver 10th percentile is 
continued. 

From a telclogic perspective, there is much to be said 
for the notior. that, given a single gestational age group 
with thousands of birth weights, there is something very 
“normal” abcut the most common (modal) weight. It 
would appear that, given the variations in population, 
the modal weight is likely the birth weight “intended” 
for that gestational age. If the modal birth weight could 
be considered the most normal, we reasoned that the 
stillbirth rate at that weight therefore could be consid- 
ered the “background” stillbirth rate for any given ges- 
tational age. The use of a factor of four was arbitrary. 
However, whereas doubling the stillbirth rate from 1.4 
per 1000 to 2.8 per 1000 (using the 40-week gestational 
age group, for example) could arguably be viewed as 
not necessari-y a real increase, we reasoned that by the 
time a stillbirth rate quadruples, it clearly represents a 
negative biologic effect. Although smaller multiples 
may legitimately be considered as representing signif- 
icant risk, the effect on our. analysis should be noted. 
For example. whereas quadrupling the risk for blacks 
occurs at the 17th percentile at term, doubling the risk 
would occur above the 25th percentile. Although sur- 
veillance for this extremely large group may become 
realistically feasible in the future, we believe it imprac- 
tical to provide reasonable fetal surveillance to the 
group based on current capabilities. 

Fig. 4 shows a compilation of our data that is useful 


for patient management. It incorporates not only the 
racial differences in birth weights but also the racial 
differences in sensitivity to altered growth. Most im- 
portantly, the actual birth weight resulting in quadru- 
pling the stillbirth rate can be determined. At 40 weeks’ 
gestation, a white infant weighing <2950 gm (6 pounds, 
8 ounces), or a black infant weighing <2800 gm (6 
pounds 3 ounces) has greater than four times the risk 
of stillbirth compared with their more appropriately 
grown peers. These weights are substantially above 
weights generally perceived as small by the obstetric or 
pediatric providers. When compared with the Denver 
10th percentile (as shown in Fig. 4), these “risk weights” 
average 400 to 500 gm above the weight generally per- 
ceived to represent risk. If these race-specific risk 
curves replace currently used data sets, the potential 
for identifying a significant portion of fetuses at risk 
for stillbirth will be enhanced. 
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Effects of intravascular fetal blood transfusion on fetal 
intracardiac Doppler velocity waveforms 


Giuseppe Rizzo, MD, Kypros H. Nicolaides, MD,” Domenico Arduini, MD, and 


Stuart Campbell, MD* 
Rome, Italy, and London, England 


In 12 fetuses from pregnancies with red blood cell isoimmunization Doppler velocity waveforms were 
recorded at the level of atrioventricular valves immediately before and at 15-minute intervals for 2 hours 
after the intravascular transfusion. The left and right cardiac outputs, the ratio be-ween the peak velocities 
during early passive ventricular filling and active atrial filling at the level of both ventricles as well as the 
heart rate were calculated. Before transfusion, the left and right cardiac outputs were significantly higher 
than reference ranges for gestation that were constructed from the cross-sectional study of 187 normal 
pregnancies. After transfusion there was a significant temporary fall in right and left outputs associated 
with increased ratios between the peak velocities during early passive ventricular filling and active atrial 
filling. Within 2 hours after transfusion both parameters returned toward the normal range. In addition, no 
significant changes were found for fetal heart rate values before and after transfusion. The fall of cardiac 
output was significantly related to the amount of expansion of the feto-placental volume. (Am J OBSTET 


GYNECOL 1990;163:1231-8.) 


Key words: Red blood cell isoimmunization, intrauterine intravascular transfusion, 
cordocentesis, fetal echocardiography, Doppler ultrasonography 


Intravascu-ar fetal blood transfusion by cordacen- 
tesis represents a significant improvement in the treat- 
ment of red blood cell isoimmunization.! However, to 
limit the risks of repeated procedures and to shorten 
the duration of the transfusion the amount of blood 
transfused is usually high with respect to the estimated 
fetoplacental blood volume and is injected rapidly. 

Up to now few data are available on the effects of 
such treatment on fetal hemodynamics.*:* The advent 
of Doppler echocardiography has made it possible to 
study intracardiac blood flow velocity waveforms in the 
human fetus and to obtain reliable assessment of car- 
diac output.* ° We therefore examined the effect of 
intravascular blood transfusion on cardiac hemody- 
namics in a group of fetuses from pregnancies with red 
blood cell isoimmunization. 


Material and methods 


Twelve pregnancies complicated by red blood cell 
isoimmunization undergoing intravascular transfusion 
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were considered for this study. All pregnancies were 
singleton and accurately dated by certain last menstrual 
period and early ultrasonographic examination. All the 
fetuses had been previously transfused and the time 
interval from the preceding transfusion ranged be- 
tween 2 and 4 weeks. The criteria followed for the 
timing of transfusions has been reported in detail else- 
where.' Although none of the fetuses had ultrasono- 
graphic evidences of hydrops, in all the cases the fetal 
hemoglobin concentration was below the second SD 
(mean difference, — 3.62 SD; range, ~2.43 to —5.16 
SD) of our reference range for gestation.’ 

The mean (+ SD) gestational age at the time of the 
study was 31.42 + 3.18 weeks (range, 26 to 37). Before 
transfusion all patients gave their informed consent to 
participate in the study. 

Doppler recordings. Commercially available Acuson 
128 color Doppler equipment (Acuson, Montain View, 
Calif.) with 3.5 or 5 MHz sector probes was used for 
all measurements. Recordings were performed with the 
mother lying in a comfortable semirecumbent position. 
All the recordings were performed by one operator 
(G. R.) and the technique used has been reported in 
detail.* Briefly, an apical four-chamber view of the fetal 
heart was first obtained. The color flow mapping func- 
tion was then superimposed and the transmitral and 
transtricuspid How observed. The sample volume was 
placed immediately below either the mitral or tricuspid 
valves in the point of maximum flow velocity, as ex- 
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Table I. Hematologic values measured before and after intravascular transfusion 


Case Gestation Pretransfusion Pretransfusion __ Posttransfusion 
no. (wk) hemoglobin (gmi dl) hematocrit (%) hemoglobin (gmi dl) 
l 30 10.3 31.1 16.2 
2 33 9.9 29.1 17.3 
3 32 10.4 30.3 17.0 
4 35 12.0 34.7 16.1] 
5 26 8.5 24.9 15.2 
-6 31 9.6 28.7 17.1 
fi 31 10.4 30.3 15.0 
8 37 12.5 39.4 15.9 
9 32 10.4 31.4 15.8 
10 27 8.9 26.5 15.3 
11 34 9.2 27.8 16.9 
2 29 10.9 31.3 14.8 
Mean 31.42 10.25 30.46 16.05 
SD 3.18. 1.17 3.80 0.87 





Table H. Left and right cardiac output in healthy fetuses (control) and in anemic fetuses before and 2 


hours after intravascular transfusion 


a i 


LVO (ml/min/kg) 
RVO (ml/min/kg) 


Control 


249.12 + 94.23 
295.45 + 97.4] 


_  Pretransfusion 


Posttransfusion 


364.57 + 121.18 
$98.76 + 111.44 


300.73 + 98.36 
346.41 + 94.35 





LCO, Left cardiac output; RCO, right cardiac output. 


Control versus pretransfusion, p £: 0.01 (the unpaired Student ¢ test). Pretransfusion versus posttransfusion, p = 0.01 (the 


paired Student ¢ test). 


pressed by the color brightness, arid velocity waveforms 
were then recorded. Doppler and two-dimensional im- 
ages were recorded on standard ¥-inch videotape for 
subsequent analysis. Recordings were performed im- 
mediately before (0) and at 15-minute intervals for 2 
hours after the intravascular transfusion (+15, +30, 
+45, +60, +75, +90; +105, +120). Recordings ob- 
tained with an angle of insonation >30° or during pe- 
riods of fetal body and breathing movements were re- 
jected. 

Atrioventricular valve diameters were evaluated 
from the two-dimensional images obtained from opti- 
mal apical four-chamber views. Measurements were 
performed in playback on video-recorded images fro- 
zen during diastole when showing the maximized di- 
ameters. Measurements were repeated on 10 different 
cycles for each valve and the values obtained were 
averaged. Repeated diameter measurements varied 
<0.6 mm for either valve. Valvular area was calculated 
assuming a circular cross-section. 

Permanent records of all the velocity waveforms were 
obtained from the videotape by means of a strip chart 
recorder. The printouts were labeled with random 
numbers. The observer involved in the later analysis 
was not informed of the sequence of the printouts. Ten 
consecutive velocity waveforms were selected for each 


time interval from both atrioventricular valves and 
measurements of the following variables were made by 
use of the digitizing tablet of a computer (Cardio 800, 
Kontron, Oxford, England): (1) peak velocities during 
early ventricular filling (E wave) and atrial contraction 
(A wave); (2) mean temporal velocity; (3) fetal heart 
rate. 

For each time interval a ratio between E peak and A 
peak velocities (E/A ratio) at the level of both atrio- 
ventricular valves was calculated. Absolute right and 
left cardiac outputs (milliliters per minute) were de- 
rived by multiplying the tricuspid or mitral mean tem- 
poral velocities, valvular area, and heart rate. The ratio 
between right and left cardiac output was then calcu- 
lated. Cardiac output was also expressed as milliliters 
per minute per kilogram. The fetal weight was esti- 
mated from the ultrasonographic measurements of fe- 
tal biparietal diameter and abdominal circumference’; 
in all the cases abdominal circumference values ranged 
between the 10th and 90th percentile of our reference 
limits. 

The data of the fetuses with red blood cell isoim- 
munization were compared with reference ranges con- 
structed on the cross-sectional study of 187 fetuses from 
normal pregnancies between 20 and 40 weeks’ ges- 
tation. 
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Posttransfuston Blood volume Transfusion rate Expansion Expansion rate 
hematocrit (%) transfused (ml) (ml/min) (%) (%/ min) 
48.5 80 14 63.74 11.15 
51.5 150 7.9 93.72 4.94 
44.1 100 20 61.06 12.21 
46.4 110 7.3 36.34 241 
43.9 80 5 99.48 6.22 
50.4 120 15 106.37 13.30 
44.1 100 8.3 61.06 5.07 
50.9 160 9.4 79.19 4.65 
47.8 70 5.8 49.55 4.11 
45.6 60 15 65.86 16.47 
50.9 100 12 62.60 7.5] 
46.4 70 16 48.64 12.07 
47.54 100.00 11.30 69.87 8.34 
2.87 31.33 4.7 4.49 


In our laboratory the intraobserver coefficient of 
variation for all the measurements considered is <12%. 

Method of transfusion. Intravascular fetal blood 
transfusion was performed in accordance with a pre- 
viously described technique without maternal sedation 
or fetal paralysis.’ The site and direction of the um- 
bilical cord az its placental insertion was defined by real- 
time ultrasonographic scanning and a 20-gauge needle 
was inserted in the umbilical vein. A 2 ml sample of 
fetal blood was aspirated for measurement of hemo- 
globin (Couker S Plus counter, Coulter Electronics Ltd., 
Luton, England) and blood gases (ABL 30 blood gas 
analyser, Radiometer, Copenhagen, Denmark). Fetal 
transfusion was performed with packed red blood cells 
compatible with the mother (mean hematocrit, 73.43%; 
SD, 7.18%; range, 63.0% to 87.8%). At the end of the 
transfusion the needle was flushed with normal 0.5 ml 
of saline solution and after 1 minute a sample of fetal 
blood was aspirated. The first 0.5 ml were discarded 
and the posttransfusion hemoglobin and hematocrit 
were subsequently evaluated. 

The fetoplacental volume was determined as previ- 
ously reported? and the percentage of its expansion 
after the transfusion was calculated: % Expansion = 
(Blood voluzne transfused/fetoplacental blood volume) 
x 100. Furthermore, we evaluated the expansion 
rate: (Expansion rate = Transfusion rate/fetoplacental 
blood volume) x 100. 

Statistical analysis. The changes of E/A ratios, left 
cardiac output, right cardiac output, and heart rate 
were evaluated as the percentage change from the val- 
ues obtained before transfusion (basal values). Data ob- 
tained at each time interval were averaged and reported 
as mean values +1 SD. Statistical analysis was per- 
formed wita the use of analysis of variance for repeated 
measurements and the paired and unpaired student 


21.54 


t test as indicated in the text. Relationships between the 
variables considered were tested by stepwise regression 
analysis. These analyses were performed on a Macin- 
tosh II computer with the Stat View II statistical pack- 
age (Abacus Concepts Inc., Berkeley, Calif.). 


Results 


Intravascular transfusion was successful in all the fe- 
tuses studied and the individual hematologic values 
measured before and after transfusion are shown in 
Table I. Blood gas analysis performed before trans- 
fusion revealed PO., Pco,, and pH values within 95% 
confidence interval of our reference ranges for ges- 
tation." 

Reliable recordings of right cardiac output and left 
cardiac output were obtained respectively 93.5% and 
90.7% of the cases. 

The prefusion values of left cardiac output, mght 
cardiac output, and ratio of right cardiac output to left 
cardiac output of the fetuses with red blood cell iso- 
immunization are plotted on our reference ranges for 
gestation ‘mean and 95% confidence intervals) in Fig. 
l. After correction for fetal weight the right cardiac 
output and left cardiac output were significantly higher 
(the unpaired Student ¢ test, p = 0.01) than in the con- 
trol group (Table H). Furthermore there was a ten- 
dency for the E/A ratios of both atrioventricular valves 
to be higher than those in our normal controls (Fig. 2) 
but this did not reach statistical significance. 

After transfusion the right cardiac output and left 
cardiac output fell. Subsequently there was an increase 
in both parameters but to less than pretransfusion val- 
ues (Fig. 3). Analysis of variance demonstrated the sig- 
nificance of these changes for both right cardiac output 
[F (10,100) = 16.13, p = 0.001] and left cardiac output 
[F (10,97) = 13.47, p = 0.001). Significant differences 
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were found (the paired. Student t test) between: pre- - 


transfusion values of right cardiac output and: left 


cardiac output and +15, +30, +45, +60, +105,, 


+120 values. Furthermore the E/A ratios were “sig- 
nificantly modified after transfusion [tricuspid valve 
F (10,100) = 
4,59, p = 0.01]. The highest value of E/A ratio were 
found at + 15 minutes and then progressively returned 
toward basal values (Fig: 4). . 


1,6. i 
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Fig. 2. E ET and transmitral E/ A ratio values ob- 


- tained before transfusion plotted on our reference ranges for 


Bester (mean and 95%. oe intervals). 


- No significant changes were found after transfu- 
sion for the ratio of right cardiac output to left car- 
0.98, NS} or fetal heart rate: 
[F (10,100) = 1.42, NS]. The individual data obtained 
before and at the. +15-, +30-, and + 120-minute in- 
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Fig. 3. Mean percentage changes (+ 1 SD) of right cardiac output (RCO) and left cardiac output 
(LCO) after transfusion. Differences on comparison with pretransfusion values were evaluated by 
means of the paired Student ¢ test (+ = p = 0.01; +» = p = 0.002; +++ = p = 0.001). 


tervals after intravascular transfusion are provided in 
Table III. 

Stepwise regression analysis revealed a significant lin- 
ear correlation between the percentage of expansion 
of the fetoplacental blood volume (independent vari- 
able) and tne maximum individual percentage fall of 
combined cardiac output (left cardiac output + right 
cardiac output) after transfusion (dependent variable); 

= 0.77, # = 0.01, slope = 0.22, intercept, — 21.01. 
There were significant correlations between the other 
Doppler parameters measured and either the volume 
of blood transfused or the percentage of expansion 


or the rate of expansion of the fetoplacental blood. 


volume. 


Comment 


Our findings of increased fetal cardiac output in 
pregnancies with red blood cell isoimmunization is in 


agreement with previous reports on both the animal 
and the human fetus.''!’ Although the mechanisms that 
cause the increase of cardiac output are still unclear 
two main factors have been suggested in animals"’: first, 
decreased blood viscosity leading to increased venous 
return and cardiac preload, and second, peripheral va- 
sodilatation as a result of a fall in blood oxygen content 
and therefore reduced cardiac afterload. 

Previous studies in red blood cell isoimmunization 
have shown an increase of blood flow velocities from 
different fetal peripheral vessels including umbilical 
vein," descending aorta,*.* * and common carotid ar- 
tery, and the increase of velocity was related to the 
severity of anemia. The high pretransfusion E/A ratios 
found in this investigation suggest that cardiac preload 
is increased.'* Furthermore, because the right cardiac 
output to left cardiac output ratio was normal there is 
no evidence for a redistribution of cardiac output sim- 
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Table III. Doppler echocardiographic measurements before and 15, 30, and 120 minutes after 


intravascular transfusion 


Pretransfusion 


Case 
i 507 142 0.95 411 145 0.91 446 
2 911i 143 0.94 833 ` 143 0.96 694 
3 844 128 0.98 718 133 0.89 595 
4 950 14] 0.85 763 143 0.86 683 
5 490 136 0.86 512 146 0.87 307 
6 751 136 0.89 801 143 0.96 478 
7 495 136 0.86 394 133 0.93 385 
8 1136 130 0.92 1222 148 0.94 —_ 
9 549 135 0.87 407 140 0.87 388 
10 604 148 0.85 538 145 0.86 457 
11 925 139 0.96 890 148 0.92 716 
12 689 136 0.93 614 132 0.89 48] 
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Posttransfusion (+15 min) 


1.07 306 150 
1.29 528 143 
1.22 507 143 
1.20 548 146 
1.20 308 143 
1.00 456 128 
1.15 281 150 
1.11 314 140 
1.13 370 145 
0.94 651 146 
1.11 421 132 
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Fig. 4. Mean percentage changes (+ 1 SD) of transtricuspid and transmitral E/A ratios after trans- 
fusion. Differences on comparison with pretransfusion values were evaluated by means of the paired 


Student £ test (+ = p = 0.01; +x = p < 0.002; +++ = p = 0.001). 
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Posttransfusion (+120 min) 


Tricuspid Mitral valve 


RCO 2a EAS Ee Ee Se BIA 


381 149 1.02 290 147 1.02 
553 135 1.26 459 128 1.20 
595 130 1.17 438 133 1.08 
645 150 1.18 467 . 150 1.04 
265 150 1.19 284 150 1.10 
459 133 0.97 369 125 1.08 
338 158 1.15 288 162 1.17 
769 120 1.19 744 133 1.09 
430 123 1.04 224 133 1).98 
38] 147 1.09 308 142 1.07 
594 139 0.97 601 138 0.85 
504 138 1.12 351 133 1.07 


ilar to that described in hypoxic growth-retarded fe- 
tuses (1.e., the so-called “brain sparing effect”).’ These 
findings suggest that in red blood cell isommunization 
the changes in fetal cardiac output are mainly related 
to the low blood viscosity. 

Intravascular fetal blood transfusion was associated 
with a rap:d decrease in cardiac output that was pri- 
marily the result of decrease in stroke volume rather 
than heart rate. These changes were similar in both 
ventricles and reached a nadir at 15 to 45 minutes after 
the transfusion. Thereafter the cardiac output in- 
creased but still remained below the pretransfusion 
level. 

These findings are compatible with the observations 
of Bilardo et al. who measured the time-averaged 
mean velocity in the fetal descending thoracic acrta and 
common carotid artery before and within 30 minutes 
of intravascular transfusion and found a significant de- 
crease in both vessels. 

A possible explanation for posttransfusion decrease 
in cardiac output is reduced venous return to the heart 
secondary to the increased hematocrit and therefore 
viscosity of blood or secondary to the release of veno- 
dilators such as prostacyclin or atrial natriuretic fac- 
tor.’® 7 Fiowever, this is unlikely because the relative 
E/A ratios found aiter the transfusion suggest that car- 
diac preload is increased rather than decreased. Fur- 
thermore, if the decrease in cardiac output was because 
of increased hematocrit, this effect would be sustained 
for at least 24 hours. Copel et al.’ measured velocities 
in the aorta and also cardiac output at 12 hours after 
intravascular blood transfusion and found no signifi- 
cant differences from the pretransfusion levels. Finally, 
the reported increase of umbilical venous pressure af- 
ter intravascular transfusion’ ° does not support the 
hypothesis of a venous vasodilatation as the cause of a 
reduction in venous return. 


444 143 0.97 0.94 
803 135 0.94 ~ — 

737 125 0.97 523 122 0.92 
877 146 0.89 636 150 0.90 
682 135 0.92 722 140 1.02 
416 140 0.92 348 130 0.94 
969 128 1.00 1017 120 0.95 
467 130 0.95 387 135 0.87 
581 141 0.80 507 144 0.87 
936 131 0.87 847 129 0.84 
728 133 0.96 572 140 0.87 


The alternative explanation for the posttransfusion 
fall in cardiac output is cardiovascular overload. This 
is supported by the findings of a direct relationship 
between the fall in cardiac output and the degree of 
expansion of the fetoplacental blood volume. Animal 
studies have shown that the fetal heart has very limited 
reserve capacity to increase its output in response to 
acute overload" and that massive increases in fetal 
blood volume are associated with a decrease in cardiac 
output." After a transfusion there is a rapid rate of 
fluid loss”? and this explains the rapid recovery in E/A 
ratios and cardiac output. 

Doppler echocardiography provides a reproducible 
method for the measurement of cardiac output in the 
human fetus.* However, this analysis is prone to errors 
mainly because of inaccuracies in the determination of 
valve diameters that are halved and squared in the cal- 
culation of cardiac output and thus amplified. Never- 
theless in our investigation the flow orifice area is as- 
sumed to remain unmodified and therefore potential 
errors in assessment of valve diameters would affect 
similarly the measurements performed during the 
study without impairing the reliability of the results 
obtained. 

In conclusion, fetal anemia is associated with in- 
creased cardiac output. Rapid intravascular blood 
transfusion causes a temporary and symmetrical de- 
crease in right cardiac output and left cardiac output 
that is proportional to the degree of expansion in fe- 
toplacental blood volume. 
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Human fetal foramen ovale flow velocity waveforms relative 


to behavioral states in normal term pregnancy 


Jim van Eyck, MD, PhD, Patricia A. Stewart, PhD, and Juriy W. Wledimiroff, MD, PhD 


Rotterdam, The Netherlands 


In 16 normal pregnancies the relationship between foramen ovale flow velocity waveforms and fetal 
behavioral states at 37 tc 38 weeks’ gestation was studies with Doppler techniques. Foramen ovale flow 
velocity waveforms are characterized by a typical systolic/diastolic component. Average flow velocity was 
statistically sicnificantly increased in behavioral state 2F (active sleep) as compared with state 1F (quiet 
sleep), which was mainly determined by an increase in flow velocity during the end-systolic and passive 
atrial filling phase. The increase in the average flow velocity at the foramen ovale level during active sleep 
suggests a redistribution of blood flow at the cardiac level, resulting in an increased right-to-left shunt. (AM 


J Osstet Gyneco. 1990;163:1239-42.) 


Key words: Human fetal behavioral states, foramen ovale flow velocity, fetal Doppler 


ultrasonography 


In the nermal growing human fetus at term blood 
flow velocity waveforms obtained from the lower tho- 
racic part cf the fetal descending aorta’ and internal 
carotid artery’ show fetal behavioral state dependency. 
In state 2F (active sleep) pulsatility index values in these 
vessels are significantly reduced as compared with state 
LF (quiet sleep), reflecting reduced downstream imped- 
ence and suggesting increased perfusion of skeletal 
musculature and cerebrum during active sleep." ? 
At the cardiac level it was demonstrated that in the 
fetal ductus arteriosus peak flow velocity during be- 
havioral state 2F is markedly reduced as compared 
with state IF, suggesting a redistribution in left and 
right ventricular output in favor of the left side of the 
heart.* 

In the normal fetus, inferior vena cava flow repre- 
sents 65% to 70% of the total venous return to the 
heart,* approximately 40% of which is shunted to the 
left atrium through the foramen ovale. Behavioral 
state—related changes in foramen ovale flow could ac- 
count for the suggested redistribution of ventricular 
output. With the introduction of combined realtime 
and Doppler systems the possibility became available to 
study blood flow velocity waveforms at the level of the 
foramen cvale. The objective of the present study was 
to investigate the relationship between blood flow ve- 
locity waveforms at the level of the foramen ovale and 
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behavioral state 1F and 2F according to the classifica- 
tion of Nijhuis et al.° in the normal term fetus. 


Material and methods 


A total of 16 women with normal singleton preg- 
nancies zt 37 to 38 weeks’ gestation gave consent to 
participate in the study. The gestational age had been 
calculated from a reliable menstrual history and early 
ultrasonographic measurement of fetal crown-rump 
length or biparietal diameter. Fetal birth weight was 
between the 10th and 90th percentile for gestational 
age, according to Kloostermans’ tables, corrected for 
maternal parity and fetal sex. All subjects were non- 
smokers; no medications were prescribed. All studies 
were carried out 2 hours following after breakfast or 
lunch, with the study participants in the semirecumbent 
position. With a two-dimensional real-time mechanical 
sector scanner (Vingmed CFM 700, Sonotron, Horten, 
Norway; carrier frequency 3 MHz, Doppler 3 MHz with 
variable depth of sample gate and sample size) blood 
flow velocity recordings through the foramen ovale 
were made with either a four-chamber view or a mod- 
ified short-axis view. In both views the valve of the 
foramen ovale could always be visualized. Color Dopp- 
ler techniques were used in the first two participants 
but were subsequently abandoned as the central por- 
tion of the foramen ovale “defect” was clearly visualized 
with standard cross-sectional techniques. The sample 
gate was placed across the septal opening and the angle 
of insonation was always kept below 10°. Flow velocity 
waveforms at the foramen ovale level were obtained 
during behavioral states 1F and 2F, which were defined 
as follows: 

State IF; quiescence, which can be regularly inter- 
rupted by brief gross body movements, which mostly 
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Fig. 1. Foramen ovale flow velocity waveforms 7 = systolic ventricular phase, II = end-systolic 
ventricular phase, and IM = passive atrial filling phase. 


are startles; eye movements absent and a stable heart 
rate pattern with a small oscillatior. bandwidth. Isolated 
accelerations do occur, but are strictly related to fetal 
movements. | 

State 2F: frequent and periodic gross body move- 
ments that are mainly stretches and retroflexions and 
movements of extremities; eye mcvements continually 
present and a heart rate pattern with a wider oscillation 
bandwidth than in state 1F and frequent accelerations 
during movements. 

‘To establish these behavioral stazes the following pa- 
rameters were simultaneously recorded: (1) fetal heart 
rate, which was obtained from a Doppler ultrasono- 
graphic cardiotocograph (Hewle:t Packard 8040A, 
Boeblingen, Germany; carrier frequency 1 MHz); (2) 
fetal eye movements, which were studied from a trans- 
verse view of the fetal face with a two-dimensional real- 
time linear array scanner (Hitachi EUB-27, carrier fre- 
quency 3.5 MHz; and (3) fetal body movements, which 
were obtained from a sagittal view of the fetal trunk 
with a two-dimensional real-time and mechanical 
sector scanner (Vingmed CFM 70C, carrier frequency 
3 MHz). 

The three transducers were placed in such a way that 
there was minimal interference between the three ul- 
trasonographic modes. Flow velocity recordings were 
only performed when a clear fetal behavioral state was 
identified and when this state had been present over a 
period of at least 3 minutes. All recordings were per- 
formed during fetal apnea. The maximum amount of 
time for the completion of a flow velocity recording 
after a state determination was 3 minutes. The blood 
flow velocity waveforms were recorded on videotape. 
From hard copies of each recording, optimal flow ve- 
locity waveforms were selected. The foramen ovale 
waveform consists of two components (Fig. 1). During 
ventricular systole flow velocity reaches a maximum (I), 
after which it reduces in late systole (II). During the 
passive atrial filling phase corresponding with the E 


wave again there is an increase in flow velocity (III) 
that decreases with atrial contraction to zero (D. Soyeur 
et al. 1989, personal communication). With a micro- 
computer (Olivetti M24) flow velocities (centimeters per 
second) were calculated during the peak systolic (I), 
end-systolic (II), and passive atrial filling phase (III) of 
the cardiac cycle. Moreover, the average velocity (cen- 
timeters per second) and period time (cycle duration 
in milliseconds) were determined. To reject the null 
hypothesis that there is no difference in the individual 
paired differences of waveform components between 
behavioral state 1F and 2F, we used the two-tailed Stu- 
dent ¢ test. Statistical significance was considered to be 
present if p < 0.05. 


Results 


Doppler signals could not obtained in two women 
because of anterior position of the fetal spine, leaving 
14 women for further analysis. The mean number of 
blood flow velocity waveforms studied at the level of 
the fetal foramen ovale for all 14 women was 17 + 8 
(1 SD) in behavioral state IF and 16 + 5 (1 SD) in 
behavioral state 2F, resulting in a total number of 
460 waveforms. Measurements of peak systolic, end- 
systolic, passive atrial filling phase, and average flow 
velocity showed considerable consistency reflected by 
the mean value of the SD of the individual measure- 
ments being 2.4, 1.6, 2.6, and 1.9 for behavioral state 
IF and 3.1, 2.1, 2.4, and 1.8 for behavioral state 2F. 
The results of the paired analysis of the data in be- 
havioral states 1F and 2F are presented in Table I. 
Average flow velocity was significantly (p < 0.001) in- 
creased in behavioral state 2F as compared with state 
IF. This was mainly determined by an increase in 
flow velocity during the end-systolic and passive atrial 
filling phase of the foramen ovale flow velocity wave- 
form (Fig. 2). No significant difference in period 
time could be established between behavioral states 1F 
and 2F. 
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Fig. 2. Foramen ovale flow velocity waveforms obtained during behavioral state 1F (upper panel) and 


state 2F (lower panel). 


Table I. Foramen ovale flow velocity waveform parameters relative to behavioral state 1F and 2F 







No. 
of paired 


observations 





Period time (msec) 14 430.6 
Average velocity (cm/sec) 14 22.6 
PV I (crn/sec) 14 42.8 
PV II (am/sec) 14 10.0 
PV III (cm/sec) 14 23.7 


© Behavioral state | ‘al © Behavioral state | 


Z| mee | or 





428.9 — 1.7 16.6 NS 
27.6 5.0 2.6 <0.001 
46.8 4.0 7.4 NS 
18.7 8.7 2.6 <0.001 
28a- 4.5 3.8 <0.001 


PV I, Peak velocity during systolic ventricular phase; PV I, peak velocity during end-systolic ventricular phase; PV II, peak 


velocity during passive atrial filling phase. 


*Mean paired difference between behavioral state 2F and behavioral state IF. 


{SD of the mean paired difference. 


Comment 


Doppler ultrasonography allows visualization of 
blood flow through the foramen ovale and documen- 
tation of flow velocity waveforms through this cardiac 
shunt in the normal term fetus. During fetal devel- 
opment there are two major shunts at the cardiac level 
(i.e., the ductus arteriosus and the foramen ovale). In 
the fetal ductus arteriosus it was demonstrated that 
peak sys:ole flow velocity is markedly reduced during 
behavioral state 2F as compared with state IF, sug- 
gesting a redistribution in left and right ventricular 
output in favor of the left side of the heart. 

The results of the present study show that peak flow 
velocity through the foramen ovale is nearly twice as 
high during ventricular systole as compared with the 
diastolic phase. The increased foramen ovale flow dur- 


ing ventricular contraction may be explained by the fact 
that the closed tricuspid valve prevents superior vena 
cava blood flow from entering the right ventricle, lead- 
ing toa raised right-to-left atrial pressure gradient. The 
upward movement of the tricuspid leaflets during ven- 
tricular contraction further contributes to this in- 
creased pressure gradient. Moreover, averaged flow ve- 
locities at the foramen ovale level are raised in behav- 
ioral state 2F. Because volume flow is equal to the 
average flow velocity multiplied by area, the increase 
in the average flow velocity could be a result of an 
increase in volume flow through the foramen ovale 
during active sleep. Inasmuch as the foramen ovale will 
open at an increased pressure gradient between the 
right and left atrium, one may speculate that flow ve- 
locity will be negatively influenced by the subsequent 
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increase in lumen area of the formen ovale. Therefore 
volume flow through the foramen ovale may be evén 
larger than the rise in flow velocity would suggest. The 
described flow changes at the foramen ovale level are 
in agreement with the behavioral state—dependent How 
changes documented in the ductus arteriosus in that 
they suggest that in the normal term fetus the active 
sleep state is associated with preferential flow to the left 
side of the heart. Elevated average flow velocities at the 
foramen ovale level are mainly determined by the end- 
systolic and passive atrial filling phase of the flow ve- 
locity waveform, suggesting increased passive atrial fill- 
ing during diastole as a result of a raised preload. ‘This 
would be in agreement with Teitel et al.’ who showed 
that during fetal development venous return (preload) 
can be raised by an increased preferential streaming of 
umbilical venous blood through the ductus venosus into 
the inferior vena cava, by-passing the hepatic micro- 
circulation. 

It can be concluded that in the normal term fetus 
the foramen ovale plays an important role in behavioral 
state—dependent redistribution of blood flow at the car- 
diac level. 
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Suppression of serum insulin level by diazoxide does not alter 
serum testosterone or sex hormone—binding globulin levels in 


healthy, nonobese women 


John E. Nestier, MD, Roshnara Singh, MD, Dennis W. Matt, PhD,” John N. Clore, MD, 


and William G. Blackard, MD* 
Richmond, Virginia 


Suppression o` serum insulin levels with diazoxide is associated with a decrease in serum testosterone 
and an increase in serum sex hormone—binding globulin in obese women with the polycystic ovary 
syndrome. To determine whether physiologic insulin levels play a regulatory role in the androgen status of 
nonobese women with normal menses, the androgen status of five nonobese normal women was | 
assessed on two occasions: during a control study and after 10 days of oral diazoxide (100 mg, three 
times daily) administration. Insulin release in response to 100 gm oral glucose administration decreased 
from 108.0 + 28.2 to 49.3 + 5.2 nmol: min/L (p = 0.05) after diazoxide administration. However, despite 
suppression of insulin release, diazoxide administration did not affect serum total testosterone (diazoxide, 
0.73 + 0.10; control, 0.69 + 0.11 nmol/L; p = NS) or sex hormone—binding globulin (diazoxide, 

79.7 + 16.6; control, 70.2 + 12.6 nmol/L; p = NS) concentrations. These observations suggest that 
physiologic insulin levels in nonobese healthy women do not regulate testosterone metabolism and that 
diazoxide does not exert a direct or independent effect on serum testosterone or sex hormone—binding 


globulin levels. (AM J OssTET GYNECOL 1990;163:1243-6.) 


Key words: Polycystic ovary syndrome, testosterone, insulin resistance, androgens, 


hyperinsulinemia 


The hyperandrogenism of some women with the 
polycystic Ovary syndrome may result from hvperin- 
sulinemia.' In support of this view we recently dem- 
‘onstrated that suppression of serum insulin levels with 
diazoxide is associated with a fall in serum testosterone 
levels and a rise in serum sex hormone—binding glob- 
ulin levels in obese women with the polycystic ovary 
syndrome * However, it remains unknown whether 
physiologic insulin levels play a regulatory role in the 
androgen status of nonobese women with normal men- 
ses or whether diazoxide itself might directly affect an- 
drogen homeostasis. To address these issues, we as- 
sessed the androgen status of five nonobese healthy 
women during a control period and after suppression 
of serum insulin levels with diazoxide. 
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Material and methods 


Study design. Eight women were initially enrolled 
into the study but three women withdrew before 
completion because of side effects of diazoxide (dif- 
fuse edema, palpitations, anxiety). The remaining five 
women were between 23 and 39 years old and nonobese 
(body mass index values ranged from 18.5 to 24.5 
kg/m?). Each woman was healthy, had a normal men- 
strual history, and was not taking any medications. The 
study was approved by the Committee on the Conduct 
of Human Research of the Medical College of Virginia, 
and signed informed consent was obtained from each 
subject. 

All subjects were studied in the follicular phase of 
the menstrual period (between days 5 and 9 after onset 
of menses). Two subjects were studied during a control 
period and once again 28 days later after having taken 
100 mg diazoxide orally three times daily (300 mg/day) 
for 10 days. The remaining three subjects were studied 
in the reverse order. The subjects were allowed to eat 
at will, and the last dose of diazoxide was taken on the 
morning of study. 

The control study and the study after diazoxide ad- 
ministration were conducted in an identical manner. 
The women were admitted to the General Clinical Re- 
search Center of the Medical College of Virginia after 
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an overnight fast. Weight and height were recorded, 
and a heparin lock was inserted into a hand vein for 
blood withdrawal. Blood samples were drawn at 8, 8:15, 
and 8:30 am, and the sera were pooled for determi- 
nation of serum steroid, sex hormone—binding glob- 
ulin, and gonadotropin concentrations. To determine 
the efficacy of diazoxide in inhibiting insulin release, 
the women drank 100 gm of glucose (Glucola, Whitaker 
General Medical, Richmond, Va.) at 8:30 AM, and blood 
samples were drawn every 15 minutes from 8:30 to 
11:30 am for determination of serum glucose and in- 
sulin levels. 

Assays. Serum glucose concentrations were deter- 
mined by the glucose oxidase method (Beckman Glu- 
cose Analyzer 2, Fullerton, Calif.}. Serum insulin levels 
were determined by radioimmunoassay.’ The intraas- 
say coefficient of variation for-the insulin assay was 
5.0%. The integrated insulin response during the oral 
glucose tolerance test was analyzed by calculating the 
area under the curve for insulin during the 3 hours 
after glucose ingestion by ‘the trapezoidal rule using 
absolute values. 

Serum testosterone, androstenedione, estrone, 17B- 
estradiol, and progesterone concentrations were mea- 
sured by radioimmunoassay as previously described.” ' 
Serum (1.0 ml) was extracted with diethyl ether, 
and steroids were isolated by Gelite column chro- 
matography. Highly specific antisera were used to 
measure testosterone, androstenedione, estrone, 17B- 
estradiol, and progesterone. Tritium-labeled steroids 
were added to serum before extraction to correct for 
procedural losses. The antiserum to testosterone was 
provided by Dr. Gordon Niswender (Department of 
Physiology, Colorado State University, Fort Collins, 
Colo.), and the antisera to androstenedione, 17B- 
estradiol, and progesterone were provided by Dr. John 
Resko (Department of Physiology, University of Ore- 
gon School of Medicine, Portland, Ore.). Antiserum to 
estrone was purchased from Steranti Research Ltd. 
(London). The intraassay coefficients of variation for 
all the steroid assays were <8.0%. Serum sex hormone— 
binding globulin concentrations were determined by 
an immunoradiometric assay with a commercial kit (Di- 
agnostic Products, Los Angeles), and the intraassay co- 
efficient of variation was 2.5%. Serum luteinizing hor- 
mone and follicle-stimulating hormcne concentrations 
were determined by radioimmunoassay (Pacific Bio- 
tech, San Diego). The tntraassay coefficients of varia- 
tion of luteinizing hormone were 10.4% for 5 to 8 
IU/L, 12.1% for 8 to 11 IU/L, and 5.6% for 11 to 35 
IU/L. The intraassay coefficient of variation of follicle- 
stimulating hormone was 6.5%. 

Glucose, gonadotropin, and sex hormone—binding 
globulin measurements from each woman were deter- 
mined in duplicate in single assays. 
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Statistical analysis. All results are reported as the 
mean + SE. All results were first tested for normality 
with the Wilk-Shapiro test and were then analyzed by 
Student's two-tailed paired ¢ test. A value of p < 0.05 
was considered significant. 


Results 


Mean body mass index increased by 0.8 kg/m? in the 
five women during diazoxide administration (diazox- 
ide, 22.4 + 1.3 kg/m’; control, 21.6 + 1.3 kg/m’; 
p < 0.015), most likely as a result of fluid retention. In 
four women pretibial edema developed while they were 
taking diazoxide. Body mass index values returned to 
baseline shortly after cessation of diazoxide adminis- 
tration. | 

During the control study the women demonstrated 
normal glycemic and insulin responses during the oral 
glucose tolerance test (Fig. 1). Diazoxide administration 
uniformly decreased insulin release (area under the 
curve for insulin: diazoxide, 49.3 + 5.2 nmol: min/L; 
control, 108.0 + 28.2 nmol: min/L; p = 0.05) and 
caused deterioration of glucose tolerance (Fig. 1). Dia- 
zoxide administration did not significantly alter mean 
fasting serum insulin (diazoxide, 76 + 25 pmol/L; con- 
trol, 115 + 19 pmol/L; p = NS) or glucose (diazoxide, 
5.4 + 0.4 mmol/L; control, 4.5 + 0.1 mmol/L; p = 
NS) concentrations. 

Diazoxide administration did not affect serum to- 
tal testosterone or sex hormone—binding globulin 
concentrations (Table I). Diazoxide administration 
also did not alter serum androstenedione, estrone, 
178-estradiol, progesterone, luteinizing hormone, or 
follicle-stimulating hormone levels (Table I). 


Comment 


Hyperinsulinemic insulin resistance may be the cause 
of hyperandrogenism in some women with the poly- 
cystic ovary syndrome.' In support of this hypothesis, 
insulin resistance and elevated serum insulin levels have 
been well documented in women with the polycystic 
ovary syndrome.*”’ This insulin resistance does not ap- 
pear to be solely a result of the obesity often associated 
with the polycystic ovary syndrome because nonobese 
women with the polycystic ovary syndrome also man- 
ifest hyperinsulinemic insulin resistance.” ê 

To examine the role of chronic hyperinsulinemia on 
androgen levels in this disorder, we previously used 
diazoxide to reduce serum insulin levels in obese 
women with the polycystic ovary syndrome.” Diazoxide 
treatment uniformly suppressed glucose-stimulated in- 
sulin release and resulted in a significant reduc- 
tion in serum testosterone concentrations. Serum sex 
hormone—binding globulin levels rose in all subjects. 
Since gonadotropin release did not change as a result 
of diazoxide administration, these results support the 
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Fig. 1. Mean (+ SE) serum glucose and insulin responses after 100 gm of oral glucose in five nonobese 
rormal women during the control study (closed circles) and after 10 days of oral diazoxide (300 


mg/day) administration (open boxes). 


Table I. Serum steroid, gonadotropin, and sex hormone—binding globulin concentrations in five 
nonobese, normal women at the time of the control study and after 10 days of oral diazoxide 


(300 mg/day) administration 


az 
Testosterone (nmol/L) 0.69 + 0.11 0.73 + 0.10 0.7] 
Androstenedione (nmol/L) 8.5 + 0.4 3.5 + 0.3 0.96 
Estrone ‘pmol/L) 296 + 29 456 + 56 0.09 
178-Estradiol (pmol/L) 270 + 49 288 + 42 0.40 
Progesterone (nmol/L) 0.16 + 0.03 0.09 + 0.63 0.20 
Luteinizing hormone (IU/L) 12.0 + 1.1 Lh2 et 15 0.66 
Follicle-stimulating hormone (IU/L) 9.7 + 0.4 10.3 + 0.9 0.62 
Sex hormone—binding globulin (nmol/L) 70.2 + 12.6 79.7 + 16.6 0.24 


Values represent mean + SE. 


hypothesis thet hyperinsulinemia can directly affect tes- 
tosterone metabolism. 

In marked <ontrast, neither serum testosterone nor 
sex hormone—binding globulin levels changed in this 
study when serum insulin levels of nonobese healthy 
women were suppressed with diazoxide. These obser- 
vations suggest either that normal women are not as 
sensitive to actions of insulin on androgen homeostasis 
as are women with the polycystic ovary syndrome or 


that insulin concentrations in the physiologic range do 
not play an important role in regulation of serum tes- 
tosterone levels. Although the number of subjects in 
this study equaled the number of obese women with 
the polycystic ovary syndrome previously examined,’ it 
remains possible that the negative results of this study 
were a result of the limited number of subjects. 

In support of the possibility that normal women are 
not as sensitive to the androgenic actions of insulin as 
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are women with the polycystic ovary syndrome, evi- 


dence exists suggesting that androgenic pathways of 


normal women may be less responsive to stimulation 
by insulin than those of women with the polycystic ovary 
syndrome. Ovarian tissues removed from women with 
hyperandrogenism exhibit enhanced androstenedione 
and testosterone release in respense to insulin, whereas 
ovarian tissues removed from normal women remain 
unaffected by insulin treatment.‘ This disparity also was 
noted in an in vivo study that demonstrated various 
effects of suprapharmacologic hyperinsulinemia on sex 
steroid concentrations of women with the polycystic 
ovary syndrome but not in normal women.” 

Alternatively, it has been postulated that in the 
polycystic ovary syndrome elevated serum insulin levels 
affect androgenic pathways by cross reacting with the 
insulin-like growth factor-I receptor." Insulin concen- 
trations in the physiologic range may be too low to 
significantly associate with insulin-like growth factor-I] 
receptors. Thus insulin may not regulate serum an- 
drogen levels under physiologic conditions. 

Finally, these observations also indicate that diazox- 
ide does not directly affect serum testosterone or sex 
hormone—binding globulin levels in vivo. Thus the 
androgen changes observed when diazoxide is admin- 
istered to obese women with the ‘polycystic ovary 
syndrome? are indeed a result of suppression of insulin 
release and are not an independent effect of diazoxide. 

In summary, suppression of serum insulin levels by 
diazoxide in nonobese healthy women does not affect 
serum testosterone or sex hormone—binding globulin 
levels: These observations suggest that physiologic in- 
sulin levels in normal women do not Ree ule andro- 
genic processes.. 


We thank the staff of the General Clinical Research 
Center of the Medical College of Virginia; Ms. Bettie 
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Duke, CLINFO systems analyst; and Dr. Vernon Chin- 
cilli of the Department of Biostatistics for their help. 
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Intrapartum uterine rupture and inflammatory bowel disease 


Ila M. Peterson, MD, and Bev Braak, MD 


Kansas City, Missouri 


The incidence oř uterine rupture in pregnant women ranges from 0% to 1.1% in large series. This case 
report describes a woman with a history of obstetric compiications, uterine rupture, and active 
inflammatory bowel disease that was treated with high-dose prednisone. (AM J OBSTET GYNECOL 


1990;163:1247-8.) 


Key words: Uterine rupture, inflammatory bowel disease, prednisone 


Case report 


A 24-year-old white woman (gravida 4, para 1-0-1- 
1) had a 10-year history of active Crohn’s disease 
treated with 40 to 60 mg of prednisone daily. She was 
seen at 33 weeks’ gestation (by dates and ultrasonog- 
raphy) complatning of nausea, vomiting, diarrhea, and 
contractions for several days. This pregnancy had been 
complicated by several admissions for exacerbation of 
regional enteritis and preterm labor. A previous preg- 
nancy 13 months earlier resulted in a classic cesarean 
section at 27 weeks’ gestation for abruptio placentae; 
the infant did not survive. In 1984 the patient was 
vaginally delivered of a premature infant at 34 weeks’ 
gestation; that child is alive and well. Past surgical his- 
tory was significant for colonic and partial small bowel 
resection in 1984 for Crohn’s enteritis. The patient also 
had documented iron-deficiency anemia and marasmus 
malnutrition on multiple previous hospital admissions. 

On admission the patient was pale and listless but 
her vital signs were normal. She had a right-sided 
draining perianal fistula and multiple perianal scars. 
The cervix was dilated to 1 cm and thick. Fetal heart 
tones were reactive and without decelerations. Con- 
tractions every 2 to 4 minutes were present on monitor; 
they failed to resolve after administration of intrave- 
nous ritodrine and only gradually decreased in fre- 
quency with use of magnésium sulfate. A bedside scan 
showed fetal breech presentation and an anterior pla- 
centa. By the fourth hospital day, the patient was given 
oral ritodrine without incident; the perianal fistula had 
improved after treatment with metronidazole (Flagyl, 
Searle & Co., Chicago). On the seventh hospital day 
the patient hac. mild regular contractions unchanged 
by hydration and sedation. She suddenly experienced 


From the Departments of Obstetrics and Gynecology and Pathology, 
Truman Medical Center, affiliated teaching hospital of the University 
of Missouri-Kansas City. 

Received for publication December 12, 1990; accepted May 1, 1990. 
Reprint requests: I'a M. Peterson, MD, Truman Medical Center, 
2301 Holmes, Kansas City, MO 64108. 

6/1/22087 


severe, relentless abdominal pain; the abdomen grew 
tense and tender, and there was a small amount of 
blood present in the vagina. Fetal heart tones dropped , 
from the range of 140 beats/min to the range of 80 — 
beats/min and were unresponsive to oxygen and po- 
sition change. An immediate cesarean section was per- 
formed for suspected abruptio placentae. The fetus was 
in its intact amniotic sac in the abdominal cavity. The 
anterior wall of the uterus was ruptured vertically in 
the midline and dark clots were seen at the margins of 
the myometrial wound. A 1788 gm male infant with 
Apgar scores of 0 at ] minute and 3 at 5 minutes and 
a venous cord pH of 6.84 was delivered. Subsequently 
a total abdominal hysterectomy was performed. Mother 
and child were discharged in good condition on post- 
operative dav 18. 

The uterus with attached cervix weighed 435 gm. A 
large anterior vertical 10 cm uterine rupture was pres- 
ent and its margins were thick and hemorrhagic. The 
dehiscence was 6 cm wide. The uterine fundal wall was 
3 cm thick and the region of the lower uterine segment 
was markedly thinned to 5 mm. Multiple sections 
through the area of the ruptured anterior wall showed 
focal hyalinization of smooth muscle, no necrosis, and 
no granulation tissue. Dense scarification was absent. 
Sections of the 1.2 cm, patent, intact cervix showed 
widespread human papillomavirus effect and moderate 
dysplasia. The discoid placenta was complete and 
weighed 407 gm, its trivesseled umbilical cord was ec- 
centrically inserted and the placental membranes were 
cloudy gray. The maternal surface was covered with 
blood clot and the fetal surface was distorted by several 
cystic spaces filled with gelatinous pink, translucent ma- 
terial. Early acute chorionitis, small placental infarcts, 
and fibrin pools were present microscopically. 


Comment 

When idiopathic inflammatory bowel disease is active 
and severe at the time of conception, spontaneous abor- 
tion, stillbirth, or premature delivery are more likely.’ 
Sulfasalazine and steroids should be used for idiopathic 
inflammatory bowel disease in the pregnant woman 
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much as they are in the nonpregnant woman.’ There 
is no firm evidence that use of sulfasalazine has any 
harmful effects on the fetus. However, it 1s advisable 
to maintain the daily dose of prednisone below 20 
mg/day when possible because some reports have sug- 
gested an increase in stillbirths, reduction in birth 
weight, cleft palate, harelip, and finger anomalies as- 
sociated with higher doses.’ In this case the patient, was 
steroid dependent and experienced severe exacerba- 
tion of her disease when steroids were withdrawn. The 
other effects of steroids are well documented: impaired 
inflammatory response, delayed wound healing, and 
muscle atrophy. These effects could prevent uterine 
sections from properly healing and thereby render the 
uterine wall incompetent. Dense scar could not be dem- 
onstrated in multiple sections of the ruptured uterus 
in this case. Previous cesarean section, both transverse 
and vertical, abruptio placentae, grand multiparity, 
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previous curettage, manual removal of placenta or ob- 
structed labor, oxytocin, epidural anesthesia, puerperal 
infection, and diethylstilbesterol exposure are factors 
known to predispose women to uterine rupture. In 
patients with uterine dehiscence (separation of uterine 
scar without rupture of the membranes), perinatal out- 
come is excellent. The number of previous cesarean 
sections, interval after previous cesarean section, pla- 
cental localization, or ultrasonographic assessment do 
not predict the likelihood of uterine rupture for any 
one patient. 
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Maternal serum Down syndrome screening: Free B-protein is a 
more effective marker than human chorionic gonadotropin 


James N. Macri, PhD, Ramana V. Kasturi, BE, MS, David A. Krantz, BS, 
Edward J. Cook, PhD,* Norman D. Moore,* Jean A. Young,’ Kathleen Romero, BS, and 


John W. Larsen, Jr., MD* 
Carle Place, New York, and Washington, D.C. 


The use of quantitative human chorionic gonadotropin measurement in obstetrics has a long and 
successful history. Prior studies on the utility of human chorionic gonadotropin in Down syndrome 
screening have utilized assays that measure the intact human chorionic gonadotropin molecule. This study 
targeted a distinct marker, the human chorionic gonadotropin free B-protein, which is present in 
second-trimester maternal serum a:.much lower concentrations than is intact human chorionic 
gonadotropin. Our study of 29 cases of trisomy 21 and 450 control samples shows 80% detection 
efficiency with maternal serum a-fetoprotein, the free B-protein, and maternal age in pregnancies under 17 
weeks’ gestation. We conclude that the combination of maternal serum «-fetoprotein and the human 
chorionic gonadotropin free B-protein will be useful in the prenatal detection of trisomy 21. (Am J OssTeT 


GYNECOL 1990;163:1248-53.) | 


Key words: Screening, Down syndrome, free 6-protein 


The measurement of human chorionic gonadotropin 
(hCG) in maternal serum is under investigation as a 
biochemical marker for pregnancies at increased risk 
for trisomy 21. Human chorionic gonadotropin (hCG) 
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is a complex glycoprotein produced by the placenta 
shortly after implantation of the fertilized ovum into 
the uterine wall. The intact hCG molecule is a heter- 
odimer, consisting of two noncovalently bound subunits 
designated as a-subunit and B-subunit (Fig. 1). The 
free a- and §-proteins are produced within the syn- 
cytiotrophoblast, and are known to exist in maternal 
serum. Free a is coded for by the same gene that 
produces a-subunits of luteinizing human hormone, 
follicle-stimulating hormone, and thyroid-stimulating 
hormone. The 8-proteins in all of these hormones are 
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Fig. 1. Schematic representation of hCG molecule and its subunits. 
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Fig. 2. Illustration of two-site immunoassays designed to measure (1) intact hCG plus free 8-protein 
anc. (2) intact hCG alone. 


the levels of either free a- or free B-hCG are on average 
one half of 1% of intact hCG levels.’ 

Two methods are commonly used in measuring hCG 
(Fig. 2). The first measures intact hCG alone; the sec- 


coded for by distinct genes and display differing im- 
munologic characteristics. In normal second-trimester 
maternal sera, :ntact hCG is found in levels ranging 
from 20,000 mIU/ml to 50,000 mIU/ml. In contrast, 
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Fig. 3. Schematic representation of free B-protein antigenic 
site. Note its unavailability in intact’ hCG molecule. 


ond measures intact hCG plus free B-protein. These 
methods are considered to be equivalent because the 
amount of free B-protein is quantitatively insignificant 
in comparison with intact hCG. However, in our lab- 
oratory, both of these assay methods, when investigated 
as to their potential to detect Down syndrome, yielded 


dissimilar results. This observation as well as the fact . 


that free B is unique to hCG, led us to hypothesize that 
an assay directed specifically against the free B-protein 
might be efficient for Down syndrome screening. 


Material and methods 7 

Four hundred seventy-nine maternal sera from 29 
cases of trisomy 21 and 450 controls were retrieved 
from frozen storage at NTD Laboratories. These sam- 
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Table I. Median maternal serum free 
B-protein levels 


Control Trisomy 21 
Weeks’ gestation (ng/ml) (ng/ml) 
14-16 16.3 l 34.7 
17-18 - ` 10.9 19.9 


Table II. Maternal serum free B-protein levels 
in terms of multiples of median in 29 
confirmed trisomy 21 cases 


Multiples of | 

median ` % of Total 
0-1 5 172 
1-2 9 31.0 
2-3 5 17.2 
>3 10 34.5 


ples were from singleton, nondiabetic, white gravid 
women. All outcome information on these samples was 
obtained via requests to physicians. 

Assays. Maternal serum a-fetoprotein (AFP) was 
quantitated by an in-house enzyme-linked immunosor- 
bent assay (ELISA). This ELISA is a polyclonal- 
monoclonal assay with an effective working range of 2 


‘to 250 IU/ml of AFP. Standards were calibrated against 


the World Health Organization standard 72/225. 
Free B-protein was quantitated by an in-house ELISA 
that is a monoclonal-polyclonal assay with an effective 


`. working range of 1.5 to 100 ng/ml of free B-protein. 


Interassay and intraassay variation (on trilevel quality 
control samples run 236 times) was found to be 4.3% 
and 5.8%, respectively. Standards were calibrated 
against the first international reference preparation 
(IRP 75/551). 

In assaying for free B-protein (Fig. 3), antibodies 
must be directed specifically against an antigenic site 
that is exposed only when free beta exists in its unbound 
form {i.e., not combined with the a-subunit to form the 
intact hCG molecule). The specific free B-antibody used 
in our assay procedure does not react with any other 
antigenic site on the B-subunit of intact hCG or any 
antigenic site on the a-subunit. In addition, the assay 
procedure used in this study ensured that only free B 
was measured by introducing a thorough washing step 
after the initial capture of free B-protein. The washing 
step effectively removes any analyte not initially cap- . 
tured by the specific free B-antibody. Such a procedure 
removes from the assay the intact hCG molecules that 
predominate in second-trimester maternal sera. 
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Fig. 4. Free B-protein assay absorbance values obtained with: (1) free -protein standards and (2) 
serially diluted intact hCG standard from which free B-protein has been removed. Absence of cross- 
reactivity to intact hCG is demonstrated. 
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Fig. 5. Levels of free 8-protein in cases of trisomy 21 in relation to 10th, 50th, and 90th percentiles 
of controls. 
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Table III. Trisomy 21 screening efficiency with free B-protein hCG alone and in combination with AFP at 
different gestational age ranges at 5% false-positive rate 











No. of 
controls 


Gestational age 


range (wk) trisomy 21 





<17 240 15 
=17 210 14 


14-22 450 29 


Proof of antigenic specificity to free B-protein was 
obtained by passing an intact hCG sample containing 
1000 ng/ml over a free B-protein affinity chromatog- 
raphy column to effectively remove free §-protein. 
This sample (now void of free B-srotein) was evaluated 
for cross-reactivity to intact hCG in our free §-protein 
assay. Fig. 4 demonstrates essentially no cross reactivity. 
This provides proof that our free B-antibody (and as- 
say) does not react with epitopic sites on intact hCG but 
does react with epitopes that are exposed when free B- 
protein exists in its unbound state. 

To determine detection efficiency and false-positive 
rates we used a linear, multivariate, discriminant anal- 
ysis model. Gestational age was included as a variable 
in the model along with biochemical markers. The nat- 
ural logarithm of the level of each analyte was used. 
Linear, multivariate, discriminant analysis was per- 
formed with the commercially available software pack- 
age SAS (Statistical Analysis System, SAS Institute, Inc., 
Cary, N.C.). Population parameters (means, variances, 
and covariances) for each of the biochemical markers 
and gestational age were established for the cases of 
trisomy 21 and controls. The variances and covariances 
were pooled among the trisomy 21 cases and controls. 
Each patient’s risk of trisomy 21 was calculated from 
Bayes’ rule and the patient’s maternal age-specific 
a priori risk.* 


Results 


As shown in Table I, a significant increase in the level 
of free B-protein was observed in trisomy 21 cases as 
compared with controls (p < 0.0001 using the Wilcoxon 
test). Fig. 5 illustrates the downward ‘trend of free B- 
protein levels in controls by gestational age. Table II 
shows the distribution of the 29 trisomy 21 cases and 
reveals that 83% exceed the median of controls, and 
52% exceed twice the median, for their respective ges- 
tational weeks. 

Detection efficiencies for free B-protein alone and in 
combination with AFP are shown in Table III. Maximal 
detection efficiency was achieved by using maternal se- 
rum AFP and free §-protein at 14 to 16 weeks. 

There was no trend in either maternal serum AFP 
or free B-protein levels with increasing maternal age 
for trisomy 21 cases or controls (p = 0.24 and 0.28 for 






No. of cases of 







Detection efficiency of 
AFP and free 


B-protein (%) 





Detection efficiency of 
free B-protein (%) 


66.7 80 
50.0 64.3 
58.6 72,4 


maternal serum AFP, and p = 0.85 and 0.10 for free 
B-protein using Kruskal-Wallis analysis of variance for 
maternal serum AFP and free B-protein, respectively, 
across four different maternal age groups =26, 27 to 
28, 29 to 31, and >31 years). Additionally, the corre- 
lation of the levels of free B-protein and maternal se- 
rum AFP was not significantly different from zero 
(R = 0.11, p = 0.57, and R = —0.05, p = 0.28 for 
trisomy 21 cases and controls, respectively). 


Comment 


The use of quantitative hCG measurement as a preg- 
nancy test has had a long, straightforward, and suc- 
cessful history. However, use of commercially available 
hCG kits for prenatal Down syndrome screening is a 
more complex matter. Commercial kits that measure 
the intact hCG molecule plus free B-protein are often 
referred to as B-subunit hCG kits.’ Superior detection . 
efficiency in our study was achieved, not by measuring 
intact hCG in a so-called B-subunit hCG kit, but in fact 
by eliminating the intact hCG molecule through im- 
munologic and assay washing procedures. Intact hCG 
plays no immunologic (and, by definition, no quanti- 
tative) role in what our assay measures. The analyte we 
measured is the free B-protein, which is a specific, in- 
dependent marker present in second-trimester mater- 
nal sera at much lower concentrations than are intact 
hCG molecules (on average 1:200). 

Our data show that quantitation of maternal serum 
free B has high predictive value (50% to 67%) for the 
serologic detection of trisomy 21. In fact, the use of an 
assay that measured only free B-protein produced a 
detection efficiency and false-positive rate comparable 
to that reported by some others using a combination 
of three assays.* In our study the highest rate of de- 
tection efficiency (80%) was achieved by combining 
analyses of free B-protein with maternal serum AFP. 
This combination appears to work optimally during 
weeks 14 through 16 of gestation, producing a detec- 
tion efficiency of 80% with a 5% false-positive rate. 
Evaluation at even earlier weeks of gestation, when free 
B-protein levels are higher, should be performed to 
determine whether further enhancement in detection 
efficiency results from such evaluation. 

Whereas Bogart et al.° and Wald et al.* observed the 
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effectiveness of intact hCG as a marker for Down syn- 
drome, the effectiveness of the free B-protein was not 
observed. By using assays specific to free B-protein, the 
analyte can be evaluated for its usefulness in Down 
syndrome screening. This was done in this investi- 
gation. 

Conventional hCG assays that measure the intact 
hCG molecule require significant dilution of the sample 
(50 to Ys00) to bring the level of the analyte to a rea- 
sonable analytical range for measurement. There is no 
need for a predilution step in free B-protein assays. 
This represents an additional advantage from the per- 
spective of assay development and use, as well as min- 
imization of human error. 

Our findings show that it is effective to include a 
combination of maternal serum AFP and free B-protein 
assays in a screening protocol for trisomy 21. The ad- 
vantages of such a protocol include the following: (1) 
noninvasive techniques, (2) high detection efficiency 
with low false-positive rates, (3) simplified, undiluted 
free B-protein assays, (4) the use of markers that are 
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essentially independent of one another, and (5) com- 
patibility with current prenatal screening protocols. 
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Prenatal diagnosis of congenital cytomegalovirus infection by 
virus isolation from amniotic fluid 


Carl P. Weiner, MD, and Charles Grose, MD 


Towa City, Iowa 


Cytomegalovirus was isolated antenatally from the amniotic fluid of two pregnant women. In both cases 
prenatal diagnosis of the fetal virus infection aided the subsequent management of the mother and 


newborn infant. (Am J OBSTET GYNECOL 1990;163:1253-5.) 


Key words: Cytomegalovirus, amniocentesis, prenatal diagnosis, congenital infection 


In 1971 Davis et al.' published the first case of fetal 
cytomegalovirus infection diagnosed prenatally by iso- 
lation of the virus from amniotic fluid. The case report 
concerned a 17 year-old primigravid woman who was 
seen with a “mononucleosis-like syndrome” (fever, 
splenomegaly, thrombocytopenia, lymphocytosis) at 21 
weeks’ gestation. Amniotic fluid was aspirated by trans- 
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abdominal amniocentesis, and cytomegalovirus was 
grown readily from the amniotic fluid. Since their re- 
port there has been some controversy concerning the 
use of amniotic fluid culture for the diagnosis of cy- 
tomegalovirus. We describe two additional cases of fetal 
cytomegalovirus infection diagnosed antenatally by iso- 
lation of the virus from amniotic fluid. 


Case reports 


Case 1. The patient was a 17-year-old white primi- 
gravid woman transferred to the University Hospital 
at 37 weeks’ gestation. The pregnancy had been un- 
complicated until the day before transfer when the pa- 
tient had malaise, bilateral lower abdominal discomfort, 
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Fig. 1. M-mode echocardiogram of fetus in case 2. Pericardial effusion (small arrow) was detected 


below left atrium. 


loose stools, and fever. Her symptoms were not asso- 


ciated with dysuria, vaginal discharge, or leakage of 


amniotic fluid. The physical examination revealed an 
uncomfortable, diaphoretic pregnant woman. Vital 
signs were normal except for fever of 38.8° C. Both 
urinalysis and culture results were negative. The uterus 
was diffusely tender to palpation. Real-time ultraso- 
nography of the uterus demonstrated severe oligohy- 
dramnios and a viable fetus with right hydronephrosis 
and biometric criteria suggestive of growth retardation. 
Because the differential diagnosis included amnionitis, 
a transabdominal amniocentesis was performed with 
aspiration of 17 ml of clear amniotic fluid. Both 
Gram stain and bacterial culture of amniotic fluid 
were negative. However, viral culture of the amniotic 
fluid was positive within 72 hours. The identity of 
the viral isolate as cytomegalovirus was confirmed by a 
cytomegalovirus-specific monoclonal antibody. Sero- 
logic testing for specific maternal antibodies to cyto- 
megalovirus revealed no IgM response (0.10 enzyme- 
linked immunosorbent assay units; negative), but 
a cytomegalovirus-specific IgG titer was positive at 
0.50 enzyme-linked immunosorbent assay units (mid- 
positive). 


< 
` 


Labor was induced at 38 weeks’ gestation to facilitate 


treatment if required. The patient was delivered vag- 
inally of a 2470 gm male with Apgar scores of 7 and 9 
at l and 5 minutes, respectively. Physical examination 
revealed an active newborn without stigmata of con- 
genital cytomegalovirus infection. An ultrasound ex- 
amination confirmed the presence of unilateral right 
hydronephrosis. Although an ultrasonogram of the 
brain on day | revealed a normal ventricular system 
without calcifications, a second study done | week later 
showed a developing cystic formation in the caudate 
nucleus. The cerebrospinal fluid had an elevated cell 
count (2281 monocytes/mm*) and elevated protein 
(100 mg/dl). Bacterial cultures were negative. A virol- 
ogy culture of the cerebrospinal fluid was not obtained. 
Nevertheless, these results are suggestive of continued 
postnatal viral disease in the central nervous system. 
Viral cultures of the infant’s throat secretions and urine 
on day 2 of life both grew cytomegalovirus. 

Case 2. The patient was a 25-year-old white woman 
(gravida 3, para 1) referred to the University of Iowa 
Fetal Diagnosis and Treatment Unit at 23 weeks, af- 
ter routine ultrasonography demonstrated what was 
thought to be a left pleural effusion. The mother de- 
nied any recognizable illness during the gestation. 
When a level II ultrasonographic examination was con- 
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ducted, the effusion was noted to be pericardial rather 
than pleural (Fig. 1). An intermittent bradyarrhythmia 
also was documented. Amniotic fluid volume and fetal 
biometric parameters were within normal range. 

Amniocentesis was performed to determine fetal 
karyotype and obtain viral cultures. Maternal serum 
was drawn on the same visit. It was positive for 
both cytomegalovirus-specific IgG (1.77 ELISA units; 
high positive) and cytomegalovirus-specific IgM (0.35 
ELISA units; low positive). The amniotic fluid culture 
grew cytomegalovirus. Chromosomal analysis revealed 
a normal 46,XY karyotype. A third ultrasonographic 
examination | week after the second demonstrated 
complete resolution of the pericardial effusion. The 
fetus continued to grow appropriately for the duration 
of the gestation and weighed 3440 gm when delivered 
spontaneously at term. Physical examination of the 
newborn revealed no signs of congenital cytomegalo- 
virus infection. 


Comment 


Cytomegalovirus, a member of the family Herpesvir- 
idae, is the most common cause of congenital infection.” 
The mechanism of cytomegalovirus transmission to the 
fetal tissues remains to be elucidated but is thought to 
occur hematogenously. Because the kidney is an organ 
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that is commonly involved during cytomegalovirus in- 
fection, the infected fetus presumably excretes cyto- 
megalovirus via fetal urine into the amniotic fluid. In 
addition to our two cases, there have been eight pre- 
vious case reports of antenatally diagnosed cytomega- 
lovirus infection after amniocentesis.” With this increas- 
ing number of case reports, we suggest that cytomeg- 
alovirus culture of amniotic fluid be considered in 
pregnant women in whom primary cytomegalovirus in- 
fection is suspected (e.g., in symptomatic pregnant ad- 
olescents, as in our first case). Similarly, cytomegalo- 
virus cultures of amniotic fluid may be indicated when 
second-trimester ultrasonography reveals fetal prob- 
lems compatible with acute viral infection, as in our 
second case. 
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Pelvimetry by magnetic resonance imaging in 


breech presentation 


Aren J. van Loon, MD, Albert Mantingh, MD, PhD,* Cornelis J. P. Thijn, MD, PhD,’ and 


Eduard L. Mooyaart, MD, PhD” 
Groningen, The Netherlands 


Evaluation of the pelvis by pelvimetry plays an important role in selecting patients with term breech 
presentation for possible vaginal delivery. X-ray pelvimetry involves the disadvantage of fetal exposure to 
ionizing radiation. Computed tomography reduces the amount of radiation markedly, but there is still a risk. 
Ten patients with breech presentation at term underwent antepartum pelvimetry with magnetic resonance 
imaging, followed by postpartum magnetic resonance pelvimetry and x-ray pelvimetry. Measurements with 
magnetic resonance imaging are as reliable as those obtained with x-ray pelvimetry and the contrast of the 
magnetic resonance images is even better. The advantages of magnetic resonance pelvimetry are clear: 
no ionizing radiation and reliable pelvimetry results in cases of term breech presentation in which a normal 
pelvis is a prerequisite for safe vaginal delivery. (Am J OssteT GYNECOL 1990;163:1256-60.) 


Key words: Magnetic resonance imaging, breech presentation, pelvimetry 


Controversy continues to exist regarding the value 
of pelvimetry.'* It should be emphasized that a dis- 
tinction must be made between pelvimetry in vertex 
presentation and in breech presentation. The value of 
pelvimetry in vertex presentation is doubtful; usually 
trial of labor can be allowed in all cases provided that 
high and midforceps deliveries are abandoned (“the 
fetal head is the best pelvimeter’”). 

In breech presentation the value of pelvimetry is 
clear, provided that other parameters are considered 
in addition to the result of pelvimetry when deciding 
whether a term breech presentation can be delivered 
vaginally.*'' The disadvantage of x-ray pelvimetry is 
clear: ionizing radiation.'* With computed tomography 
the radiation dose is reduced by approximately 65% 
but a certain radiation load still exists.'* '* Ultrasono- 
graphic pelvimetry is often unreliable and the pelvic 
configuration cannot be established properly. With 
magnetic resonance imaging (MRI) a new method for 
pelvimetry has become available. This technique makes 
imaging in multiple planes possible and combines the 
advantages of conventional or computed tomographic 
pelvimetry with the benefits of ultrasonographic tech- 
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niques (no ionizing radiation).'® '° To evaluate the re- 
liability of this relatively new method for pelvimetry, 
antepartum MRI was performed in 10 patients with 
breech presentation at term. This was followed by post- 
partum pelvimetry with MRI and conventional x-rays. 
The results of all three investigations were compared. 
To our knowledge this is the first report of magnetic 
resonance pelvimetry compared with conventional 
x-ray pelvimetry and antepartum pelvimetry compared 
with postpartum pelvimetry. 


Material and methods 


From April 1987 to May 1988 MRI pelvimetry was 
performed in 10 patients near or at term (36 to 41 
weeks). The actual time was determined by the time of 
referral because of breech presentation and by the 
availability of the MRI equipment. Patients were in- 
formed about the study and its procedure by their own 
physicians, who were not involved in the study. It was 
explicitly explained that participation or refusal would 
not influence clinical management. Patients were in- 
formed that the results of the pelvimetry would have 
no influence on the decision about the mode of delivery. 
(Only postpartum conventional x-ray pelvimetry in se- 
lected cases is performed in The Netherlands.) Oral 
informed consent was obtained from all patients who 
agreed to participate. The study was approved by the 
Institutional Medical Ethical Committee. In the first 
week post partum (in two patients several weeks later) 
pelvimetry was repeated with MRI and conventional 
x-rays. The MRI pelvimetry was repeated to exclude 
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Fig. 1. Pelvic distances and angles a-b, Obstetric conjugate (=11.5 cm); J, pelvic inlet angle (=11 
or =150 degrees); 2, pelvic aperture angle (=80 or =120 degrees); c-d, interspinal distance (29. 
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cm); e-f, intertuberal distance (210.5 cm). Values given are considered critical diameters and angles 


for allowing vaginal delivery of a term breech. 


differences between the antepartum and postpartum 
situations. On the lateral or sagittal view the obstetric 
conjugate, the angles formed by the obstetric conjugate, 
the lumbar and sacral spine, respectively, were mea- 
sured and we described the configuration of the pelvis. 
The purpose of measuring the pelvic inlet angle 
formed by the obstetric conjugate and the lumbar 
spine, and the pelvic aperture angle, formed by the 
obstetric conjugate and the sacral spine, is to obtain 
information about the axis and the configuration of the 
pelvic cylinder. Abnormal configuration might cause 
the breech to be caught on the symphysis, or cause 
rotation problems of the unmolded aftercoming fetal 
head.” On the anteroposterior or coronal view the in- 
terspinal and the intertuberal distances were measured. 
The minimal acceptable pelvimetry data for vaginal 
delivery of a term breech were derived from previous 
studies.* '’ The pelvic distances and angles with critical 
values are shown in Fig. 1. 

The magnetic resonance images were obtained with 
a 1.5 tesla magnet system (Philips, Eindhoven, The 
Netherlands; Gvroscan). Sagittal (Fig. 2) and coronal 
(Fig. 3) slices 10 mm thick were made with a repetition 
time of 650 msec and an echo time of 20 msec. Data 
were acquired with a 256 x 180 matrix. The x-ray im- 
ages were obtained in accordance with Guthman’s 
method (one-shot lateral pelvimetry, patient in lateral 
position with hips and knees in slight flexion and a lead 
rod, with centimeter markings, between the legs; cen- 





Fig. 2. Sagittal, midline MRI of fetus in breech presentation. 
Maternal pelvis is of normal size and configuration. Electronic 
cursor measures distance between symphysis pubis (A) and 
sacral promontory (B) (anteroposterior pelvic inlet diameter 
or obstetric conjugate). The angle formed by the line A-B-C 
is the upper pelvic inlet angle, formed by obstetric conjugate 
and lumbar spine. 
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Fig. 3. Coronal MRI. Interspinal distance is measured (A-B). 


Table I. Means of pelvic dimensions and angles, including SD and significance levels of differences 


between means* 













Obstetric conjugate 


(cm) (cm) 


MRI-1 14.08 + 0.66 11.27 + 0.45 
MRI-2 13.64 + 0.46 11.14 + 0.42 
X-ray 13.42 + 0.75 10.62 + 0.50 
Combination A 0.05 = 
Combination B 0.05 0.01 
Combination C — 0.01 


Interspinal distance 










Pelvic inlet 
angle 
(degrees) 






Intertuberal distance 
(cm) 


Pelvic aperture 
angle (degrees) 








11.04 + 0.99 a7 = 15 91.8 2 13 

10.97 + 0.87 136.8 + 15 90.3 + 14 

11.84 + 0.87 [94 + 15.5 91.5 = 13.9 
0.0] — — 
0.05 — 


Pelvic inlet angle: Obstetric conjugate — Lumbar spine; Pelvic aperture angle: Obstetric conjugate — Sacral spine. 


MRI-1, Antepartum; MRI-2, postpartum; x-ray, postpartum; Combination A, MRI-1 — MRI-2; Combination B, MRI-1 — x-ray; 


Combination C, MRI-2 — x-ray. 
*Wilcoxon rank-sum test for paired samples. 


tration on femoral head), and a second radiograph was 
taken in anteroposterior direction. In every patient ul- 
trasonographic examination was done to estimate the 
fetal body weight and the biparietal diameter and flex- 
ion of the fetal head and to determine the placenta 
localization. The duration of magnetic resonance pel- 
vimetry was approximately 15 minutes; duration of x- 
ray pelvimetry was about 10 minutes. 

Of the original group of 12 patients, two were ex- 
cluded from further participation because of extreme 
claustrophobia during postpartum magnetic resonance 
pelvimetry. Statistical analysis of all the results was per- 
formed with the Wilcoxon rank-sum test for paired 
samples. 


Results 


The mean values (including SDs) of the obstetric con- 


jugate, interspinal distance, intertuberal distance, pel- 


vic inlet angle, and pelvic aperture angle and the levels 
of significance are shown in Table I. No differences in 
the general description of the configuration of the pel- 
vis were observed. In Table II the data for all patients 
are shown. The antepartum magnetic resonance pel- 
vimetry was used for the pelvimetry description. Only 
one of the 10 patients was delivered vaginally. Four 
cesarean sections were performed because of lack of 
progress during labor. Two of these patients had an 
abnormal pelvis; pelvimetry of patients no. 1 and no. 
9 showed an abnormal configuration (Fig. 4) and a 
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Fig. 4. Sagittal, midline MRI of patient 1. Abnormal configuration Is seen; sacrum is not hollow and 
os coccygis forms an angle of almost 90 degrees with last sacral spine. 


Table II. Results per patient 







Manual 
assessment 


Patient 
No. 






Pelvimetry 





| Abnormal Normal 

2 Normal Normal 

3 Abnormal Abnormal 
4 Normal Normal 

5 Normal Normal 

6 Abnormal Abnormal 
7 Normal Normal 

8 Abnormal Abnormal 
9 Abnormal Normal 
10 Normal Normal 








Birth weight 













Planning 





Result 


(gm) 


Trial of labor CS* 3410 
Trial of labor Vaginal delivery 2900 
CS CS 3060 
Trial of labor CS* 3190 
CS CS 3390 
cS GS 3300 
CSF CS 3920 
CS GS 3080 
Trial of labor CS* 3570 
Trial of labor CS* 3860 


CS. Elective cesarean section because of abnormal manual assessment. 


*Cesarean section because of lack of progress during vaginal delivery. 


+Elective cesarean section because of high presenting part. 


small interspinal distance (<9.5 cm). Of the five patients 
who had elective cesarean sections, patients no. 5 and 
no. 7 had completely normal pelvimetry and manual 
pelvic assessment results. Three patients (nos. 3, 6 and 
8) appeared to have abnormal pelvic angles. 


Comment 

The obstetric conjugate appears to be longer during 
pregnancy than post partum; this difference is signif- 
icant at the 5% level. However, the clinical relevance is 
questionable and the only conclusion that can be drawn 
is that the generally acccepted minimum x-ray values 
might be too cautious. Differences were found between 


the interspinal and intertuberal distances on the mag- 
netic resonance pelvimetries, on the one hand, and the 
x-ray pelvimetries, on the other, but not between the 
two magnetic resonance pelvimetries. The interspinal 
distance on the x-ray pelvimetry was smaller and the 
intertuberal distance was larger than on the magnetic 
resonance pelvimetry. An explanation for the differ- 
ences might be that x-ray pelvimetry in the anteropos- 
terior view is not always reliable. In many cases this 
X-ray image was not very clear. However, the differ- 
ences were so small that it was considered acceptable 
to apply x-ray image values that are acceptable for vag- 
inal delivery to the magnetic resonance images. Mag- 
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netic resonance pelvimetry was particularly suitable for 
assessment of the pelvis because there were no differ- 
ences between the general descriptions, and the con- 
trast of the magnetic resonance images was superior. 
After review of the results per patient it appears that 
elective cesarean section was performed in two cases 
(No. 5 and No. 7) with a normal pelvis (on manual and 
pelvimetry assessment) because of a high presenting 
part. With the knowledge obtained from magnetic res- 
onance pelvimetry, vaginal delivery would have been 
acceptable. In two patients (No. 1 and No. 9) the pelvis 
was normal on manual assessment, whereas pelvimetry 
showed abnormal values. In these two patients vaginal 
delivery was thought to be acceptable but the pelvi- 
metry results favored an elective cesarean section. As 
in patients 4 and 10 it is clear that even if the manual 
assessment and pelvimetry are normal, cesarean section 
can be inevitable because of lack of progress during 
vaginal delivery. Patients 3, 6, and 8 showed that the 
manual assessment was confirmed by magnetic reso- 
nance pelvimetry. We therefore conclude that although 
magnetic resonance pelvimetry results alone should 
never be the only parameter for accepting or rejecting 
vaginal delivery in breech presentation, a normal pelvis 
is the most important factor. This study shows that 
precise pelvimetry is possible with MRI and that a good 
general impression can be obtained of an abnormal 
configuration, even if the distances are normal. A man- 
ual assessment is insufficient: the negative predictive 
value in our group was only 71.5%. If an obstetrician 
decides that a cesarean section is indicated in any breech 
presentation at term, all types of pelvimetry will be 
useless. However, if vaginal delivery is thought to be 
acceptable under certain conditions, we believe that pel- 
vimetry should be included in the evaluation of these 
conditions. Magnetic resonance pelvimetry may pre- 
vent unnecessary cesarean sections, it may prevent a 
wrongly accepted vaginal delivery, and it certainly pre- 
vents the fetus from being exposed to ionizing radia- 
tion. The contraindications to the use of this scanning 
technique are limited: only patients with artificial, 
metal-containing heart valves, pacemakers, and vas- 
cular metal clips, etc., have a contraindication. Extreme 
claustrophobia might appear to be a relative contrain- 
dication. There are no known or foreseeable hazards 
or risks for mother or fetus associated with MRI.'* 

At present MRI is still relatively expensive compared 
with computed tomography and conventional x-ray 
pelvimetry (two and eight times, respectively) and is not 
yet available on a large scale. However, the costs of a 
MRI scan will soon be the same as a computed tomo- 
graphic scan. With the arrival of new MRI systems, such 
as the Gyroscan T5, many hospitals will have an MRI 
system in the near future. These new systems are less 
expensive, easier to use, do not require special con- 
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structions, and might cause less claustrophobia because 
the design allows more space for the patient. | 

Our results indicate that magnetic resonance pel- 
vimetry provides reliable information about the ge- 
ometry of the pelvis without the use of ionizing radia- 
tion. The study shows that magnetic resonance pelvi- 
metry is technically accurate and could now be used to 
assess the predictive value of this new diagnostic tool 
for a safe clinical management of breech presentation 
at term. A prospective study with a larger series of 
patients is required. 
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DEMULEN 1/35 


(ethynodio! diacetate | mg, ethinyl estradiol 35 meg) 


BRIEF SUMMARY 


Demulen® 1/35: Each white tablet contains ethynodiol diacetate 1 mg and ethinyl estradiol 35 mcg. Each blue tablet in 
Demulen 1/35-28 is a placebo containing inert ingredients. Demulen® 1/50: Each white tablet contains ethynodiol diacetate 
1 mg and ethinyl estradiol 50 mcg. Each pink tablet in Demulen 1/50-28 is a placebo containing inert ingredients. 
Indication and usage: For prevention of pregnancy. Pregnancy rate for products with =>35 mcg ethiny! estradiol or > 50 
mcg mestranol is <1/100 woman-years. With <35 mcg ethinyl estradiol, rate is slightly higher; with progestogen-only oral 
contraceptives (OCs), rate is about 3. Precise comparisons cannot be made. Rates for other methods have been published. 
Dose-related Thromboembolic Risk. Studies showed positive association between OC estrogen dose and thromboembolic risk. 
It is in keeping with good therapeutics to minimize estrogen exposure. Prescribe product containing least amount of estrogen 
compatible with acceptable pregnancy rate and patient acceptance. Start new users on <50 mcg estrogen. 
Contraindications: Thrombophlebitis, thromboembolic disorders, past history of deep vein thrombophlebitis or thromboembolic 
disorders; cerebrovascular disease, myocardial infarction or coronary artery disease, or past history of these; known or 
suspected breast carcinoma, estrogen-dependent neoplasia, or pregnancy; undiagnosed abnormal genital bleeding; past or 
present, benign or malignant liver tumors developing during use of estrogenic products. 


Cigarette-smoking increases risk of serious cardiovascular side effects from OC use. Risk increases with age and 
heavy smoking (15 or more cigarettes/day) and is quite marked in women over 35. OC users should be strongly 
advised not to smoke. OCs are associated with increased risk of several serious conditions including venous and arterial 


thromboembolism, thrombotic and hemorrhagic stroke, myocardial infarction, visual disorders, hepatic tumors, gallbladder 
disease, hypertension, fetal abnormalities. Practitioners should be familiar with the available information relating to 
these and other risks. 





1. Thromboembolic disorders and other vascular problems. \ncreased risk of thromboembolic and thrombotic disease 
associated with OCs is well established. A British study showed increased risk for fatal venous thromboembolism (TE). British 
and U.S. studies showed increased risk for nonfatal disease. U.S. studies showed increased risk for stroke. OC users were 
2-11 times more likely to manifest these diseases without evident cause. In a study of idiopathic deep vein thrombosis and 
pulmonary embolism (PE), projected hospitalization rates for ages 16-40 were 47/year/ 100,000 users and 5 for nonusers. 
Overall excess mortality from PE or stroke was 1.3-3.4 deaths/year/100,000 users and increased with age. Cerebrovascular 
Disorders: \n a study of stroke with and without predispositions, risk of hemorrhagic stroke was 2 times greater and thrombotic 
stroke 4.0-9.5 times greater in users. Mortality trends in 21 countries indicate that changes in cardiovascular mortality were 
associated with changes in OC prevalence. The Royal College of GPs (RCGP) reported on its prospective study: “A statistically 
significant higher rate of reporting of cerebrovascular accidents in Takers is evident, but the numbers are too small to justify 
an estimation of the degree of risk.’ A 1981 analysis showed a 4-fold increased mortality in users from circulatory diseases, 
mainly myocardial infarction (MI) and hemorrhagic stroke. Excess mortality was associated with age and smoking. A 1983 
analysis showed elevated cerebrovascular disease, increasing with use to 8 yrs, including cerebral thrombosis or embolism 
and TIA. Peripheral arterial disease and MI were increased. Women over 30 had more arterial disease, being greatest in 
smokers. Arterial case-fatality was 2-3 times greater for users who smoked. Family Planning Assoc. (FPA) found significant 
association between OC use and stroke: increased risk for venous thrombosis and PE was 4-fold and statistically significant. 
Mortality from nonrheumatic heart disease was greater in ever-users. In the Walnut Creek Study, subarachnoid hemorrhage 
risk was associated with smoking, age, and OC use. Myocardial Infarction: \ncreased risk of MI associated with OCs was 
reported in Britain, as previously suspected. The morbidity study found the greater the number of risk factors for coronary 
artery disease (smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia) the higher 
the risk, regardless of OC use. OCs were an additional risk factor. Excess rate of fatal MI was 3.5/year/100,000 users aged 
30-39 and 20 for ages 40-44. (These are based on British statistics with acute MI death rates 2-3 times less than the U.S. 
Similar estimates for the U.S. are 25.7 for users aged 30-39 with predispositions vs 1.5 without; for ages 40-44, 86.2 vs 5.1.) 
Excess hospitalization rate tor nonfatal MI in Britain was 3.5/year/100,000 users aged 30-39 and 47 for ages 40-44. Smoking 
is a Major predisposing condition to MI. In terms of relative risk, nonsmoking OC users are twice as likely to have fatal MI as 
nonsmoking nonusers. Smoking users have a 5-fold greater risk than nonsmoking users, but a 10-12-fold greater risk than 
nonsmoking nonusers. Amount of smoking is an important factor. In determining importance of these risks, give serious 
consideration to rates in table below. Importance of other predispositions cited above in determining relative and absolute 
risks has not been quantified; it is likely the same synergism exists, but perhaps to a lesser extent. U.S. studies similarly 
relate MI, OCs, smoking, and age. 


Estimated Mortality Rate from Myocardial Infarction per 100,000 Women/Year 
Aged 30-39: Users Nonusers Aged 40-44: Users Nonusers 


All smokers 10.2 2.6 62.0 15.9 
> 15 cigarettes daily 13.0 5.1 78.7 31.3 
<15 cigarettes daily 4.7 0.9 28.6 5.7 
Nonsmokers 1.8 1.2 10.7 7.4 
Smokers and nonsmokers 5.4 1.9 32.8 V7 





Risk of Dose: Reports of TE after use of OCs with =>50 mcg estrogen received by drug safety committees in Britain, Sweden, 
and Denmark were compared with distribution expected from market research sales estimates. A positive correlation was 
found between estrogen dose and reporting of TE, including coronary thrombosis, in excess of that predicted by sales. OCs 
with = 100 mcg estrogen were associated with higher TE risk than those with 50-80 mcg. Estrogen quantity may not be the 
sole factor; influence of progestogens was not considered, which may be responsible for certain discrepancies in the data. 
No significant differences were noted between OCs containing same estrogen dose nor between ethinyl estradiol and mestranol. 
In Britain certain TE conditions were associated with progestogen or estrogen dose. In Sweden reports of TE decreased when 
higher estrogen doses were no longer prescribed. Studies on TE risk with progestogen-only OCs have not been done. Cases 
have been reported for these; they are not presumed free of risk. In a U.S. case-controlled study, relative risk of OC use 1 
month before hospitalization for various types of TE was calculated. If relative estrogenic potency and possible influence of 
different progestogens are ignored, OCs may be divided into those with <100 mcg and those with = 100 mcg estrogen. For 
all cases combined, larger doses were associated with only slightly higher risk; for idiopathic cases risk was doubled with 
larger doses, but confidence limits overlapped and differences were not significant. Apparently there was less increased risk 
for cases with predispositions. In FPA study no nonhemorrhagic strokes occurred with <50 mcg estrogen, vs 13 with higher 
doses. Latter group also had more venous TE. TE risk in users and nonusers increases with age. OCs have been considered 
an independent risk factor. Decreased HDL, which relates to increased myocardial ischemia, occurs with high progestational 
activity. Consider amount of both steroids in choosing OC. Persistence of Risk atter OC discontinuation was reported for 
circulatory disease, nonrheumatic heart disease, and cerebrovascular disease, including subarachnoid hemorrhage, cerebral 
thrombosis, and TIA. Excess Mortality from Circulatory Diseases: A U.K. prospective study estimated annual mortality from 
circulatory diseases for OC users and nonusers by age, smoking, and duration of use. Excess mortality was 23/100,000 users 
(2 and 10 for ages 25-34, 15 and 48 for ages 35-44, 41 and 179 for ages >44, for nonsmokers and smokers, respectively). 
Risk was significant only for smokers over 34. Most deaths were due to subarachnoid hemorrhage or ischemic heart disease. 
Risk for ever-users rose with parity. One study estimated risk of death with various contraceptive methods, each estimate 
including risk of method (eg, TE for OCs) plus risk due to pregnancy or abortion in cases of method failure. This latter risk 
varies with effectiveness. It concluded mortality with all methods is low and below that of childbirth, except for OC users over 
40 who smoke. Heavy smokers have double the risk of smokers, light smokers about half. Mortality with OC use in 
nonsmokers over 40 is higher than with any other method in that age group. Lowest mortality is with condom or diaphragm 
backed up by early abortion. Risk of TE and thrombotic disease with OCs increases with age after 30 and, for MI, is further in- 
creased by hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia, and especially cigarette smok- 
ing. Based on current data, the chart gives gross estimates of risk of death from circulatory disorders associated with OCs: 





Risk is: A—very high; B—high; C—moderate; D—low. Age: <30 30-39 >40 
Heavy smokers (= 15/day) C B A 
Light smokers (<15/day) D C B 
Nonsmokers, no predispositions D C.0 C 
Nonsmokers, with predispositions C C.B B.A 





Be alert to earliest manifestations of TE disorders (eg, thrombophlebitis, PE, cerebrovascular insufficiency, coronary artery 
disease, MI, retinal thrombosis, mesenteric thrombosis). Should any be suspected, discontinue OCs immediately. A 4-7-fold 
increased risk of postsurgery TE was reported in users; if feasible discontinue OCs at least 4 weeks before surgery or in 
prolonged immobilization. Before resuming OCs, weigh risks of postsurgery TE complications against contraceptive needs. 
RCGP reported higher incidence of superficial and deep vein thrombosis in users, the former correlated with progestogen 
dose. Varicose veins have little effect on development of deep vein thrombosis. 2. Ocular lesions: Neuro-ocular lesions such 
as optic neuritis or retinal thrombosis have been associated with OCs. Discontinue if there is unexplained, gradual or sudden, 
partial or complete loss of vision; proptosis or diplopia; papilledema; or evidence of retinal vascular lesions. Institute diagnostic 
and therapeutic measures. 3. Carcinoma: Long-term estrogen in certain animals increases carcinomas and/or nonmalignant 
neoplasms, such as those of breast, uterus, cervix, vagina, ovary, liver, pituitary. Some synthetic progestogens, none currently 
in OCs, increase incidence of benign and malignant mammary nodules in dogs. Estrogens increase risk of human endometrial 
carcinoma. In case-controlled studies, increased risk (2.2-13.9 times) associated endometrial carcinoma with prolonged 
estrogen for menopausal symptoms. Risk was independent of other known risk factors and depended on duration of use and 
dose. This is supported dy increased endometrial cancer incidence since 1969 in areas with cancer-reporting systems, which 
may be related to expanding estrogen use. There is no evidence that natural estrogens are more or less hazardous than 
synthetics. Of the first 30 cases of endometrial carcinoma in OC users under 40, those without predispositions occurred 


nearly always with no-longer-marketed sequential OCs. No statistical association is reported suggesting increased er 
cancer with combination or progestogen-only OCs. Studies show no increased breast cancer with OCs or estrogens. 
greater risk was noted in OC users with benign breast disease or long-term (2-4 years) use. One study found grea 
breast cancer with >4 years OC use prior to first full-term pregnancy. Risk of breast cancer with menopausal estro 
and further increased with duration of follow-up. OCs or estrogen were related to breast cancer in connection with 
factors and in various subgroups. Decrease in benign breast tumors in OC users is well known. Some studies | 
increased risk of cervical dysplasia, CIN, erosion, and carcinoma in long-term users. Cervical microglandular hyper 
been reported. In summary, there is no consistent evidence from human studies of increased cancer risk with 0 
surveillance is, however, essential. In undiagnosed persistent or recurrent abnormal vaginal bleeding, consider nor 
causes and take diagnostic measures to rule out malignancy. Carefully monitor users with strong family history 
cancer or with breast nodules, fibrocystic disease, recurrent cystic mastitis, abnormal mammograms, or cervical 
4. Hepatic adenomas, etc, have been associated with OCs. In 1 study OC formulations with high “hormonal pote: 
associated with higher risk, as was age over 30. Though benign, these lesions may rupture and cause fatal hemop 
in short- or long-term users. Two studies related risk to duration of use, being much greater after =4 years. Lon 
users have an estimated adenoma incidence of 3-4/year/100,000. Consider such lesions in users with abdor 
tenderness, mass, or shock. About 25% present with abdominal masses, up to half with acute hemoperitoneum. | 
and lab studies may not be helpful; ‘iver scans may show local defect. Hepatic arteriography or CAT may | 
Hepatocellular carcinoma risk is increased 7-20 times in users for 8 or more years. Bile duct cancer may occur wit 
5. Use in or immediately preceding pregnancy, birth defects, malignancy in offspring: Estrogens or progestogens di 
pregnancy may seriously damage offspring. Females exposed in utero to DES and other nonsteroidal estrogens 
increased risk of vaginal or cervical cancer. Though OCs may not enhance this risk, monitor such patients carefully. 
90% of DES-exposed women develop benign vaginal or cervical adenosis, which could be premalignant. DE! 
daughters have more unfavorable pregnancy outcomes. Males so exposed may develop urogenital and sperm defe 
estrogens may mimic DES. Reports relate fetal exposure to female sex hormones and congenital anomalies, eg, VA 
vertebral, anal, cardiac, tracheoesophageal, renal, and limb defects. There appears preferential expression by ma 
was a 4.7-fold increased risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal ı 
pregnancy tests, or treatment for threatened abortion). Some exposures were very short, being only a few days. Card 
defects in children exposed to female hormones, including OCs, during early pregnancy occurred in 18.2/1,0 
compared to 7.8 for those unexposed (P<.05). Female hormone exposure in utero was associated with testicular a 
cancer. More twinning was reported in conceptions shortly after OC discontinuance. Female sex hormones wert 
threatened or habitual abortion, but there is considerable evidence estrogens are ineffective and no evidence pro 
are effective. Triploidy and possibly other polyploidy may be increased in abortuses from women becoming preg 
post-OC. These almost always abort spontaneously. It is unknown if spontaneous abortion is increased soon afte 
OCs. Increased chromosome aberrations have been reported. Safety of OCs in pregnancy has not been demonstr 
out pregnancy in using OCs and always consider it if withdrawal bleeding does not occur. If 2 consecutive periods a 
rule out pregnancy before continuing. If user deviates from regimen, consider pregnancy at first missed period ani 
OCs. If pregnancy is confirmed, stop OC and apprise patient of potential fetal risks and discuss continuation of p 
Users discontinuing for pregnancy should use alternative contraception for 3 months before attempting to conceiy 
this is not based on precise information. Do not use progestogen-only or progestogen-estrogen drugs as pregna 
6. Gallbladder disease risk, surgically confirmed, appeared after 2 years use and doubled after 4-5 years in 1 
appeared in 6-12 months’ use in another. Bile duct cancer has been reported. 7. Carbohydrate and lipid metabolism: | 
glucose tolerance occurs in a significant number of users; carefully observe diabetic and prediabetic patients. Tric 
total phospholipids, and lipoproteins may increase. 8. Elevated blood pressure (BP) occurs in some users in a fev 
and degree may relate to progestogen dose. Hypertension prevalence in users is not higher in the first year, but 
with longer exposure; in the Sth year it is 212-3 times the first year. Age is strongly correlated with hypertension 
Those with history of elevated BP (hypertension), preexisting renal disease, history of toxemia or elevated BP in p 
familial tendency to hypertension or its consequences, or history of excessive weight gain or fluid retention during 
cycles may be more likely to develop elevated BP on OCs and should be monitored closely. Even though elevated 8 
in “normal” range, do not ignore implications. Follow closely, particularly those with other risk factors for card 
disease or stroke. High BP may or may not persist after stopping OCs. 9. Headache: Onset or exacerbation of m 
development of headache of a new pattern that is recurrent, persistent, or severe requires stopping OCs and evaluat 
10. Bleeding irregularities: Breakthrough bleeding (BTB), spotting, and amenorrhea are frequent reasons for discon 
BTB, as in all cases of irregular bleeding, consider nonfunctional causes. In undiagnosed persistent or recurrent blei 
out pregnancy or malignancy. If pathology is excluded, time or change to another product may suffice. Change to 
estrogen OC only when necessary as this may increase thromboembolic risk. Those with history of oligomer 
secondary amenorrhea or without established regular cycles may be anovulatory or amenorrheic after discontinui 
with such problems should be so informed and other methods encouraged. Post-use anovulation, possibly prolo! 
occur in women without previous irregularities. Higher incidence of galactorrhea and of pituitary tumors has been i 
with postpill amenorrhea. One study reported 16-fold increased prevalence of pituitary prolactin-secreting tumors i 
with postpill amenorrhea when galactorrhea was present. 11. Ectopics: In failures with combination OCs, the ratio 
to intrauterine pregnancies is no higher than in nonusers. 12. Breast feeding: OCs may decrease quantity and qualit 
A small fraction of OC steroids appears in milk. Effects if any on child are unknown. If feasible defer OCs until afte: 
13. Infertility may occur after discontinuing OCs. While impairment diminishes with time, there is still an appreciable 
in nulliparas aged 25-29 after 30 months; difference is negligible after 48 months. In nullips aged 30-34 impairmer 
to 72 months and is more severe for 2-year users. In paras aged 25-34, difference is negligible after 30 months. Pre 
Conduct complete history and physical prior to OC use and annually thereafter. Include breasts, abdomen, and pi 
BP. Pap, and lab tests. Preexisting uterine leiomyomata may enlarge. Mental depression may occur; with positiy 
observe carefully and discontinue if serious recurrence. Fluid retention may occur: prescribe cautiously and monito 
in convulsive disorders, migraine, asthma, or cardiac, hepatic, or renal dysfunction. History of jaundice in pregnancy 
risk of recurrence on OCs; observe carefully and discontinue if it occurs. Cholestatic jaundice occurred afte 
troleandomycin use. OC/cyclosporine combination may be hepatotoxic. Steroids may be poorly metabolized in liver d' 
and should be given cautiously. Tryptophan metabolism may be disturbed and result in pyridoxine deficiency; met 
anemia has been reported. Serum folate may be depressed and may be exacerbated in post-OC pregnancy. Advise p 
of OC use when submitting specimens. Endocrine and liver function tests may be altered; repeat abnormal tests afte 
for 2 months. These have been observed: increased BSP retention and other abnormalities in liver function tests; 
prothrombin and coagulation factors VII, VIII, IX, X; decreased antithrombin Ill, increased platelet aggregability; 
thyroid-binding globulin leading to increased circulating total thyroid hormone (PBI, T4); decreased T? uptake, unal 
T*, decreased pregnanediol excretion; reduced metyrapone response; increased blood transcortin, corticosteroid, tr 
phospholipid, reduced serum folate; impaired glucose tolerance; altered plasma trace minerals. Influence of prolong 
on pituitary, ovarian, adrenal, hepatic, or uterine function, or on immune response not established. OCs may mas! 
climacteric. Cervical chlamydial and gonorrheal prevalence is increased; do not assume OC protects against chiar 
HIV seropositivity was associated with OC use. /nformation for patients. See patient labeling. Drug interactions. OC effi 
may be decreased and more BTB occur with rifampin, isoniazid, ampicillin, neomycin, penicillin V, tetracycline, chlorar 
sulfonamides, nitrofurantoin, griseofulvin, barbiturates, phenytoin, carbamazepine, primidone, phenylbutazone, a 
tranquilizers, antimigraines. OCs may alter effectiveness of oral anticoagulants, anticonvulsants, tranquilizers 
antidepressants, antihypertensives, theophylline, caffeine, vitamins, hypoglycemics, clofibrate, glucocorticoids, acetal 
Adverse reactions: Increased risk of the following serious adverse reactions has been associated with OCs: thromt 
and thrombosis: pulmonary embolism; arterial thromboembolism; Raynaud's disease, myocardial infarction; 
thrombosis; cerebral thrombosis; cerebral hemorrhage; hypertension; gallbladder disease; Budd-Chiari syndrom 
adenomas and other hepatic lesions, with or without intra-abdominal bleeding, liver cancer, congenital abnormalities 
evidence of association between the following and OCs, though confirmatory studies have not been done: n 
thrombosis; neuro-ocular lesions, eg, retinal thrombosis and optic neuritis. The following are believed drug relate: 
vomiting, gastrointestinal symptoms, BTB, spotting, change in menstrual flow, dysmenorrhea, amenorrhea during 
use, infertility post-OC, edema, chloasma or melasma, which may persist post-OC, breast changes (tenderness, eni 
secretion), weight changes, change in cervical erosion and secretion, endocervical hyperplasia, lactation decrease, c 
jaundice, migraine, enlarged uterine leiomyomata, allergic rash, mental depression, reduced carbohydrate toleranc 
candidiasis, change in corneal curvature (steepening), intolerance to contact lenses. Association not confirmed or ri 
premenstrual-like syndrome, cataracts, libido changes, chorea, appetite changes, cystitis-like syndrome, headache, pz 
nervousness, dizziness, auditory disturbances, rhinitis, fatigue, backache, hirsutism, scalp hair loss, erythema mul 
nodosum, hemorrhagic eruption, herpes gestationis, hidradenitis suppurativa, hemolytic uremia, malignant hyp 
impaired renal function, acute renal failure, sometimes irreversible, itching, vaginitis, porphyria, PVCs, abnor 
pulmonary hypertension, TTP. anemia, pancreatitis, hepatitis, colitis, Crohn's disease, gingivitis, dry socket, lupus erythi 
rheumatoid arthritis, pituitary tumors (eg, adenoma) with amenorrhea and/or galactorrhea after use, malignant n 
endometrial, cervical, breast, and bile duct carcinoma. Acute overdosage: Serious ill effects have not been repc 
large acute doses of OCs in young children. Nausea and withdrawal bleeding might occur. Important note: 
prescribing information should be consulted prior to use and is available on request. 
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A total of 157 consecutive patients were studied in an effort to examine prospectively the incidence of 
asymptomatic intraamniotic infection in the early phase of the second trimester. All patients were referred 
for amniotic fluid karyotyping. In addition, the amniotic fluids were examined for Gram stain and were 
directly cultured on blood agar and MacConkey agar as well as in thioglycollate broth. We found positive 
amniotic fluid cultures in eight cases (5.09%); however, results of Gram stain examinations were negative 
in all amniotic fluid samples. The data indicate that there is no correlation between white blood cells in the 
amniotic fluid and positive amniotic fluid culture results. Only one pregnancy with positive amniotic fluid 
culture resulted in a septic abortion. Therefore we can suggest that intraamniotic infection can exist early 
in pregnancy, even with intact membranes, and in most cases without any clinical symptoms. (Am J 


Osstet GYNECOL 1990;163:1261-3.) 


Key words: Intraamniotic infection, microbiology, late abortion, amniocentesis, second- 


trimester infection 


The notion that amniotic fluid remains sterile as 
long as the membranes are intact is no longer accept- 
able.''® Recently many investigators have noted the 
presence of asymptomatic intraamniotic infection par- 
ticularly associated with preterm labor in the second 
half of gestation.* * Bobitt and Ledger‘ were the first 
to report positive bacteriologic analysis of amniotic 
fluids obtained by amniocenteses from the amniotic 
cavity in women with intact membranes. The authors 
postulated the presence of unrecognized amnionitis, 
that is, positive amniotic fluid culture in an afebrile 
mother. Intraamniotic infection has been recognized as 
a major etiologic factor in preterm delivery.’ The prev- 
alence of positive amniotic fluid cultures has varied 
from 0% to 25.8%. So far there has been no report 
of which we are aware on the incidence of asymptomatic 
intraamniotic infection in the early phase of the second 
trimester. 

The study reported herein was conducted with a pop- 
ulation of women with intact membranes; the women 
underwent amniocenteses for cytologic purposes at 15 
to 19 weeks’ gestation. The objectives of the study were: 
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(1) to determine the microbiology of the amniotic fluid; 
(2) to establish the incidence of intraamniotic infection 
in this particular patient population; and (3) to ascer- 
tain pregnancy outcome. 


Patients and methods 


Patient population. A prospective study of the in- 
cidence of asymptomatic intraamniotic infection was 
conducted in a population of normal pregnant women 
referred for amniocentesis. Amniotic fluid was ob- 
tained by transabdominal amniocentesis from 157 pa- 
tients with singleton pregnancies referred for karyo- 
typing; gestational ages ranged from 15 to 19 weeks. 
The procedure was done in all cases under sonographic 
guidance by the same physician (I. G.). The indications 
for amniocentesis within the study population were: 
maternal age, 109 patients; low level of maternal serum 
a-fetoprotein, eight patients; high level of maternal se- 
rum a-fetoprotein, six patients; previous affected child, 
18 patients; anxiety, eight patients; and miscellaneous, 
eight patients. The success rate for the amniocenteses 
was 100%, and in each patient no more than one punc- 
ture was necessary. Indications to perform amniocen- 
tesis were high level of maternal serum a-fetoprotein, 
low level of maternal serum a-fetoprotein, maternal 
age, previous affected child, and maternal anxiety. 

Amniotic fluid processing for microscopic exami- 
nation. Preparations for amniotic fluid puncture in- 
cluded mechanical scrubbing of patient’s abdomen with 
10% povidone-iodine and 70% ethyl alcohol for at least 
4 minutes. Amniotic fluid was obtained under highly 
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Table I. Types of organisms isolated in the amniotic fluid 


Indication 


Maternal anxiety 


Previous affected 
child 


Previous affected 
child 


Previous Down syn- 
drome 


Previous affected 
child 


High maternal serum 
a-fetoprotein 


Maternal age 


Klebsiella species* 46,XX 
Klebsiella speciest 46,XY 
E. coli* 

E. colit 46,XY 
B-Hemolytic* 46,XX 
Diphtheroides} 46,XY 
Klebsiella species* 46,XX 
Enterobacter species§ 46,XY 


Acinetobacter anitratus§ 


Acinetobacter anitratus* 46,XX 
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Outcome 


Term delivery 


Preterm delivery 
Septic abortion 
Preterm delivery 
Term delivery 
Preterm delivery 


Term delivery 


Maternal age 


*Scant growth. 
*Overabundant growth. 
Intermediate growth. 
§Abundant growth. 


aseptic conditions in standard test tubes for direct 
Gram stain, direct cultures, white blood cell count, and 
karyotyping. The specimens were delivered in sterile 
tubes to the microbiology laboratory within 5 minutes 
and processed immediately; white blood cells were ex- 
amined in the hematology laboratory. The tubes were 
without anaerobic environment. To facilitate semi- 
quantitative evaluation, a loopful of the specimen was 
smeared onto a solid medium. Approximately 0.5 ml 
of amniotic fluid was added to thioglycollate broth 
(Difco, Detroit) for enrichment and anaerobic growth. 
Gram stain examination was performed with stan- 
dard reagents (gentian violet, Lugol solution, alcohol- 
acetone solution, and fuchsin, Sigma, St. Louis). The 
direct cultures were smeared onto a blood agar base 
and MacConkey agar. 

All media were incubated in an atmosphere contain- 
ing 5% carbon dioxide at 35° C + 2° C for 24 to 48 
hours. The specimens were examined by trained mi- 
crobiologists after 24 and 48 hours. Pure cultures at 
primary isolation were used for identification of the 
microorganisms. In case of mixed flora, these were 
again inoculated to isolate pure cultures. Identification 
of the organisms was made with accepted microbiologic 
methods. '* 

We used the following semiquantitative definitions 
for the presence of microorganisms in the amniotic 
fluid: scant growth, <10 colonies per plate; interme- 
diate growth, 10 to 20 colonies per plate; abundant 
growth, 20 to 40 colonies per plate; and overabundant 
growth; >40 colonies per plate. The presence and ab- 
sence of white blood cells were also noted. 


Term delivery 


Statistical analysis was made with 95% confidence in- 
terval for the frequency of positive cultures. 


Results 


Between November 1988 and October 1989, 157 
healthy pregnant women underwent routine amnio- 
centesis. The indications for amniocentesis within the 
study population were: maternal age, 109 patients; low 
maternal serum a-fetoprotein level, eight patients; high 
maternal serum a-fetoprotein level, six patients; pre- 
vious affected child, 15 patients; cystic hygroma, two 
patients; anxiety, eight patients; miscellaneous, eight 
patients. Two of the pregnancies with negative amniotic 
fluid cultures resulted in late abortions. Eight patients 
(5.09%) had positive amniotic fluid cultures (95% con- 
fidence interval 1.7% to 8.5%). 

One patient with a positive culture of Escherichia coli, 
underwent a septic abortion 2 weeks after amniocen- 
tesis. Cultures obtained from the intrauterine cavity 
and placenta during the process of abortion also tested 
positive for E. colt. 

Microbiologic examinations provided the following 
results: five cases of scant growth, one case of inter- 
mediate growth, one case of abundant growth, and one 
case of overabundant growth (see Table I). 


Comment 


Although development of overt chorioamnionitis in 
women with intact membranes is rare, recent studies 
have shown a high incidence of positive amniotic fluid 
cultures in preterm labor with intact membranes.'* The 
majority of the patients have not had clinical signs of 
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chorioamnionitis. Romero et al.* reported a 9.1% prev- 
alence rate of positive amniotic fluid cultures in women 
with preterm labor and intact membranes. Previous 
studies with the use of amniocentesis to determine 
the microbiologic status of the amniotic cavity in pa- 
tients with preterm labor and intact membranes have 
documented a mean positive culture rate of 13.6% 
(46/339), with a range from 0% to 25.8%.’ . 

Although most patients in these studies were not re- 
sponsive to therapy with tocolytic agents and were de- 
livered of infants prematurely, in some cases labor was 
delayed for a significant interval of time. It is of inter- 
esting that there were no clinical signs of sepsis in the 
majority of the delivered infants. 

Prevedourakis et al.'’ examined the amniotic fluid of 
39 women with intact membranes and no sign of pre- 
term labor at 30 to 39 weeks’ gestation. In one case 
(2.56%) intraamniotic infection was detected; the or- 
ganism was Proteus. The patient was delivered of an 
infant at term, and no pathologic signs were noted ei- 
ther in the mother or in the newborn infant during the 
postpartum period. 

In the present study we did not examine the amniotic 
fluid for mycoplasma species. We found a 5.09% inci- 
dence of aerobic infection (95% confidence interval, 
1.7% to 8.5%); no anaerobic bacteria were found. 

In the most interesting case in our study the patient 
had amniotic fluid with a scant growth of E. coli. Despite 
the relatively small growth the fetus was aborted. The 
same bacteria were found later in cultures taken from 
the uterine cavity and the placenta. 

Microorganisms in the amniotic fluid indicate the 
presence of either infection in the lower genital tract 
or invasion through maternal circulation. However, we 
do not know the origin of the microorganisms found 
in the amniotic fluid and we do not have an explanation 
for the relatively good outcome of the patients with 
positive amniotic fluid cultures. 

The results of the study were unexpected, particu- 
larly in view of the fact that the patient population was 
asymptomatic and low risk. In each instance the am- 
niocentesis procedure was performed by the same ob- 
stetrician under strict aseptic conditions. Furthermore, 
the microorganisms present in the positive amniotic 
fluid cultures are not found under usual circumstances 
on the abdominal wall. Therefore the possibility of ex- 
ternal contamination appears to be negligible. 

A possible explanation for the inability to detect the 
presence of microorganisms on culture media may be 
provided by the fact that antibiotics are routinely added 
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to amniotic fluid culture media in the cytogenetic lab- 
oratory. 

Further investigation should be undertaken. 
Whereas we can assume that antibiotic treatment may 
eradicate infection in the amniotic cavity, the clinician’s 
dilemma remains—to treat or not to treat the patient 
with positive amniotic fluid culture. 

In conclusion, we can suggest that intraamniotic in- 
fection can exist early in a pregnancy with intact mem- 
branes and in most cases without any clinical symptoms. 
We recommend bacteriologic evaluation of each am- 
niocentesis; moreover, in cases with positive amniotic 
fluid cultures, antibiotic treatment might be indicated. 


We gratefully acknowledge the assistance of Mrs. 
Judy Golub; without her cooperation this manuscript 
could not have been carried out. 
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Placental histology in fetuses between 18 and 23 weeks’ 


gestation with abnormal karyotype 


R. S. Kuhlmann, MD, PhD, A. L. Werner, MD, J. Abramowicz, MD, S. L. Warsof, MD, 


J. Arrington RDMS, and D. L. Levy, MD 
Norfolk, Virginia 


Placentas from karyotypically abnormal fetuses (18 to 23 weeks’ gestation) were analyzed prospectively at 
the light microscopic level. Group | consisted of 14 control placentas. Group II consisted of 14 placentas 
from fetuses with an abnormal karyotype. Secondary and tertiary stem villi counts, small muscular artery 
counts, and total vessel counts were determined per 100 x field. There were no differences in secondary 
and tertiary stem villi counts between groups. A significant decrease in small muscular artery counts 

(p < 0.01) and total vessel counts (p < 0.01) was noted in group II. Placental and fetal weights were 
comparable between groups. This undervascularization may represent placental immaturity as a result of 
arrested or delayed angiopoiesis. It appears that this abnormality is established before the third trimester 
and may be enhanced by late vascular obliteration as reported by others. These data substantiate the 
concept that the structure and function of the placenta is determined to a great degree by fetal karyotype 
and may help explain the morbidity and mortality seen in these fetuses. (Am J OBSTET GYNECOL 


1990;163:1264-70.) 


Key words: Placental undervascularization, abnormal karyotype 


Fetuses with chromosomal abnormalities, with or 
without an associated structural defect, are often 
growth retarded and have an increased rate of intra- 
uterine death.'* The cause of this increase in morbidity 
and mortality is not clear. It is believed that the growth 
disturbance is genetically determined in part by the 
fetus." * Recent studies have quantitatively demon- 
strated a significant correlation between placental un- 
dervascularization and abnormal Doppler velocimetry 
in the trisomic’ and growth-retarded but karyotypically 
normal fetus** in the third trimester. Abnormal Dopp- 
ler velocimetry has also been documented in fetuses 
with major structural anomalies, but placental corre- 
lation is lacking in these studies.® ’ Our pilot study re- 
vealed many of the karyotypically abnormal fetuses to 
have abnormal Doppler velocimetry between 18 and 
23 weeks’ gestation. We are not aware of any authors 
who have addressed placental histopathology at this 
gestational age in the karyotypically abnormal fetus. 

The purpose of this study was to quantitatively eval- 
uate the microvascular anatomy of the placenta to de- 
termine whether placenta undervascularization re- 
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Table I. Gestational age of groups I and II 


Group Weeks (mean + SD)* 





Range (wk) 


I 14 21.3 + 1.31 18-23 
II 14 20.6 + 0.84 19-22 
*p = 0.16, NS. 


ported in the third trimester is present between 18 to 
23 weeks’ gestation in the karyotypically abnormal fe- 
tus. The presence of this abnormality may be respon- 
sible for abnormal blood flow in the umbilical artery 
during this period of gestation. 


Material and methods 


Placentas were analyzed prospectively from two 
groups of fetuses from pregnancies terminated at 18 
to 23 weeks’ gestation. Group I consisted of 14 control 
placentas obtained from patients first seen at our ter- 
tiary care center in premature labor or with advanced 
cervical dilatation as a result of cervical incompetence. 
Group II consisted of 14 placentas from fetuses that 
were karyotypically abnormal with or without a struc- 
tural defect. Placentas associated with abruptio placen- 
tae, clinical or pathologic evidence of chorioamnionitis, 
umbilical cords with one or two vessels, placenta previa, 
multiple gestations, hypertension, diabetes, and still- 
births were excluded from the study. Retained placen- 
tas were discarded unless 90% of the placenta was ob- 
tained intact by manual extraction. All pregnancies in 
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Table II. Abnormal karyotypes and associated structural defects found in group II 


Thora a 
Trisomy 18 2 
Trisomy 21 4 
Trisomy 22 l 
45,X 2 
47,XXY l 
69,XXX l 
46,XX,del(4)(p15.2) l 
46,XX,del(13)(q22) l 
46,XY,del(3)t(3;16)(p26,q23) l 


Structural defect No. 


Encephalocele 

Endocardial, cushion defect 
Cystic hygroma 

Cystic hygroma 

None 

None 

None 

Holoprosencephaly 

None 


Table III. Comparison of placental and fetal weights of groups I and II 






I 8 
II 9 


*Placental weight I vs II, NS. 
+Fetal weight I vs II, NS. 


groups I and II had an ultrasonographic confirmation 
of gestational age. Placentas were weighed wet if intact 
and two or more tissue blocks were obtained 2 cm from 
the cord insertion and 2 cm from the placental edge 
after macroscopic evaluation by serial sectioning of the 
placenta at 1 cm intervals. Villous tissue that appeared 
unusual was avoided. Tissue blocks were fixed in 10% 
formalin, then embedded in paraffin. Sections (4 pm) 
were then stained with hematoxylin and eosin and tri- 
chrome. Slides stained with hematoxylin and eosin were 
used for initial evaluation and trichrome slides were 
used for counts because collagen and smooth muscle 
were better defined. Trichrome-stained slides were an- 
alyzed at magnifications of X40 and then magnifica- 
tions of X 100. Areas of infarct, fibrin deposits, and 
primary stem villi with anchoring stem villi were 
avoided. Midzone areas were analyzed and total vessel 
counts, small muscular artery counts, and secondary 
and tertiary stem villi counts? were established. Small 
muscular arteries (diameter up to 90 um) and arterioles 
defined as vessels approximately capillary size (20 um) 
with walls consisting of two layers of smooth muscle 
were counted per 100x field. Capillaries were also 
counted when secondary and tertiary stem villi counts 
were performed. Counts were reported per 100 x field. 

At least five fields per slide at a magnification 
of X100 were counted by an anatomist-obstetrician 
(R. S. K.) and a pathologist (A. L. W.) who were not 
aware of gestational age and fetal status. Counting was 
repeated by each person on two occasions separated by 
at least a l- to 2-week interval. 

Doppler analysis. Ultrasound-guided continuous- 


Placental weight (gm)* 


204 + 23 
193 + 30 






Fetal weight (gm) 





14 $15 + 6] 
14 269 + 70 


wave Doppler analysis (Multigon 500A, Multigon In- 
dustries, Inc., Mt. Vernon, N.Y.) was performed on the 
umbilical artery in group II approximately 12 to 24 
hours before pregnancy termination with prostaglan- 
din vaginal suppositories. Absent end-diastolic flow or 
a resistance index =0.79 was considered abnormal on 
the basis of normograms used in our laboratory. Dopp- 
ler analysis was not performed in group I because of 
advanced preterm labor. 

Statistical analysis. The paired Student ¢ test was 
used to evaluate the reproducibility of counting’ and 
to establish possible intra- and interobserver differ- 
ences. Fetal and placental weights were analyzed by a 
Student ¢ test for independent samples. All counts 
in groups I and II were evaluated for a parametric 
or nonparametric distribution. Analysis of raw data 
revealed a nonparametric distribution and Mann- 
Whitney U analysis was used to determine whether dif- 
ferences existed between groups. In addition, modal 
counts were determined and analyzed by the Wilcoxon 
test as described in a previous study involving placental 
analysis in the third trimester." 


Results 


Characteristics of groups I and II are depicted in 
Table I. Group II is further categorized with respect 
to karyotype and associated structural anomalies in 
Table II. Placental and fetal weights were comparable 
between groups I and II (Table III). Secondary and 
tertiary stem villi counts did not differ significantly be- 
tween groups (p = 0.19). A significant decrease in 
small muscular artery counts (p < 0.01) and total vessel 
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Fig. 1. A, Modal secondary and tertiary stem villi (STV), B, small muscular artery (SMA), and C, 
total vessel count (TVC). Triangles represent group I; circles represent group II. Solid circles represent 
fetuses with abnormal Doppler velocimetry; open circles represent fetuses with normal Doppler 


velocimetry in group II. 


Table IV. Comparison of secondary and tertiary stem villi counts, small muscular artery counts, and total 


vessel counts between groups I and II (mean + SD) 











Secondary and 
tertiary stem villi 







Total vessel 
countst 


Small muscular 












Group counts* artery counts} 
I 14 9.3 = 5.2 1.4 + 2.9 15.7 Deh 
II 14 ie 23.6 310222 11.4 + 4.9 
*NS. 
tp < 0.01 (Mann-Whitney U test). 
counts (p < 0.01) was observed in group II as com- (A. L. W.), on two occasions separated by 1 to 2 weeks, 
pared with group I (Table IV). No significant intraob- demonstrating reproducibility of counting by each au- 
server differences existed between groups when count- thor. When interobserver comparisons were made, one 


ing was performed by both authors, (R. S. K.) and author (R. S. K.) counted significantly more secondary 
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Fig. 2. Well-vascularized villi of control fetus at 22 weeks’ gestation. Double arrows represent a muscular 
artery. Single arrow represents smaller muscular vessel and adjacent larger muscular vessel consisting 
of a smooth muscle bilayer. (Original magnification x 60.) 





Fig. 3. Well-vascularized villi of control fetus at 23 weeks’ gestation Arrow represents small muscular 


artery. (Original magnification X 60.) 


and tertiary stem villi (p = 0.047) in both groups as 
compared with the other author (A. L. W.). There were 
no significant differences when small muscular artery 
counts and total vessel counts were compared. Because 
of the lack of intraobserver variation and minimal in- 
terobserver variation and the same final findings of 
each author in groups I and II, data from R. S. K. only 
was used in this study. Modal counts were plotted in 
Fig. 1. Modal secondary and tertiary stem villi counts 
did not differ significantly (Wilcoxon test, p = 0.06). 
A significant decrease in modal small muscular ar- 


tery counts (p < 0.05) and modal total vessel counts 
(p < 0.05) did exist in group II as compared with group 
I when analyzed by the Wilcoxon test. Six of the 14 
fetuses (43%) in group II were found to have abnormal 
Doppler velocimetry. Photomicrographs of represen- 
tative fields are depicted in Fig. 2 to 7. 


Comment 


It has been postulated that the placenta is the fetal 
organ and its structure and function are determined 


9 


to a variable degree by fetal karyotype in human beings” 
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Fig. 4. Undervascularized villi of fetus with trisomy 18 at 22 weeks’ gestation compared with 
Fig. 2. Arrows depict small vessels lacking walls composed of smooth muscle bilayer. (Original mag- 


nification X60.) 





Fig. 5. Undervascularized villi of fetus with trisomy 21 at 22% weeks’ gestation compared with Figs. 
2 and 3. Double arrows depict small muscular artery. Single arrows depict capillary. (Original magni- 


fication X 60.) 


and certain animal models.’ Abnormal growth seen in 
fetuses with aberrant karyotypes is believed to be de- 
termined in part by the genotype of the fetus.'* Struc- 
tural abnormalities of the placenta may also contribute 
to abnormal fetal growth.* *° A significant decrease 
in placental small muscular arteries and the small 
muscular artery to villus ratio has been demonstrated 
in the fetus with autosomal trisomy and in the nor- 
mal but growth-retarded fetus during the third tri- 
mester. ™ 4: 


In this study fetal weights were comparable between 
groups despite a trend toward decreased weight in 
group II. Whereas there were no significant differences 
among the groups regarding secondary and tertiary 
stem villi counts, the total vessel counts and small mus- 
cular artery counts were significantly less in group II. 
Modal secondary and tertiary stem villi counts did not 
differ significantly (Wilcoxon test, p = 0.06). This re- 
sult may be influenced by the limited number of cases 
available. A further evaluation of a larger number of 
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Fig. 6. Villi of fetus with 45,X and cystic hygroma at 21% weeks’ gestation. Note undervascularization 
and increased villous edema compared with Fig. 2. Arrow depicts small blood vessel without smooth 


muscle bilayer. (Original magnification x 60.) 





Fig. 7. Villi of fetus with trisomy 22 and cystic hygroma at 22 weeks’ gestation. Villi appear to consist 
primarily of capillaries (single arrows). Double arrows represent a small muscularized vessel. (Original 


magnification x 60.) 


cases may demonstrate a significant difference. Pre- 
vious authors*** have also noted obliteration of vessels 
in addition to the actual decrease in numbers of small 
muscular arteries. Obliterated vessels were rarely seen 
in placentas of groups I and II. Many placentas in 
group II had few or no small muscular arteries present 
as previously noted in the third trimester.’ Villous 
edema was noted in both groups. Qualitatively this 
edema appeared greater in placentas associated with 
trisomy and 45,X and particularly those associated with 


a cystic hygroma. This may represent immaturity and 
appears to decrease with advancing gestational age. 
The significance of the selective increase in edema seen 
in these specific cases is not clear. 

Recent studies* *° have demonstrated that as the 
number of small muscular arteries decreases, placental 
vascular resistance increases with subsequent decreases 
in end-diastolic blood flow within the umbilical artery. 
This has also been reported in the karyotypically ab- 
normal fetus in the third trimester.” 
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In our pilot study, many fetuses with congenital 
anomalies had abnormal Doppler velocity waveforms 
between 18 to 23 weeks’ gestation. In this study 6/14 
(43%) fetuses exhibited abnormal Doppler velocimetry. 
Doppler studies were not performed on fetuses in 
group I, therefore only inferences can be made. Al- 
though speculative, the undervascularization seen in 
this study may explain our previous and current Dopp- 
ler findings. This undervascularization seen in group 
II may represent placental immaturity as a result of 
arrested or delayed angiopoiesis. It appears that this 
abnormal vascularization is established before and con- 
tinues into the late phase of the third trimester. In 
addition, the abnormality is probably enhanced by ar- 
terial obliteration as demonstrated by the work of 
others.” 

To our knowledge, these are the first data comparing 
these two homogenous, yet different, groups of fetuses 
between 18 to 23 weeks’ gestation. These results, added 
to the work of others performed in the late phase of 
the third trimester,’ further our understanding con- 
cerning the morbidity and potential mortality seen in 
the karyotypically abnormal fetus. Last, these findings 
further substantiate the concept that the placenta is a 
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fetal organ and that its structure and function are de- 
termined to a significant degree by fetal karyotype. 
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Carbon dioxide laser energy disperses human papillomavirus 
deoxyribonucleic acid onto treatment fields 


Alex Ferenczy, MD,* Christine Bergeron, MD, PhD, and Ralph M. Richart, MD” 


Montreal, Quebec, Canada, and New York, New York 


The possibility of dispersing viral deoxyribonucleic acid during carbon dioxide laser treatment of human 
papillomavirus—containing genital infections has been investigated with a commercially available dot blot 
hybridization technique. The viral ribonucleic acid probes were specific for groups of human papillomavirus 
types 6/11, 16/18, and 31/33/35. Laser energy was delivered by continuous-wave mode and the plume 
of smoke was evacuated by a vacuum suction system. Samples were taken with Dacron swabs from 
lesional tissues of 43 patients as well as from the treated areas and from the 5 cm surrounding normal 
skin before and after laser vaporization. Human papillomavirus deoxyribonucleic acid was identified in 
swabs from 34 of 43 (79%) lesional tissues and 7 of 43 (16%) treatment fields. Although a trend for higher 
human papillomavirus deoxyribonucleic acid positivity in laser margins after therapy (7/43, 16%) than 
before (4/43, 9%) was observed, the rates were not statistically significant. It is concluded that carbon 
dioxide laser energy disperses human papillomavirus deoxyribonucleic acid onto treatment fields and the 
adjacent rormal epithelium. Viral contamination of treated areas may be reduced by positioning the fume 
evacuator within 1 cm of the field of laser vaporization and cleaning the treated areas and surrounding 


tissue after therapy. (Am J Opstet GYNECOL 1990;163:1271-4.) 


Key words: Carbon dioxide laser, smoke, human papillomavirus DNA, hybridization 


Among the many treatment modalities available for 
human papillomavirus (HPV)—containing genital le- 
sions, carbon dioxide laser therapy became one of the 
most attractive techniques employed in current gyne- 
cologic practice.’ Carbon dioxide laser energy is largely 
absorbed by intracellular water that is instantaneously 
turned to steam resulting in the vaporization of lased 
cells. However, intracellular proteins and nuclear de- 
oxyribonucleic acid (DNA) are water-free and thus are 
carbonized rather than vaporized. The resulting plume 
of smoke contains charred and partially or totally ther- 
mocoagulated cellular debris.” The plume is evacuated 
from the treatment field by suction. However, depend- 
ing on the evacuation system used and the mode of its 
application during laser vaporization procedures, vari- 
able amounts of plume content may be dispersed onto 
treatment fields. Previous analyses failed to indicate 
viability of the carbonized particulates including those 
derived from normal and malignant cells as well as 
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those from verruca and bacteria.” Most recently, how- 
ever, in vitro bioassays found infectious bovine papil- 
lomaviruses in the smoke from bovine warts treated 
either with the carbon dioxide laser or electrocautery.“ 
Concern has been raised that carbon dioxide laser va- 
porization of genital warts may also be associated with 
HPV DNA contamination of both the patient and the 
operating personnel. HPV DNA was found by exper- 
iments of hybridization in the plume of smoke gener- 
ated by the carbon dioxide laser energy that was used 
to vaporize genital HPV infections in both humans’ and 
animals.” 

The purpose of this study was to determine, with the 
aid of a dot blot hybridization technique, whether lasing 
genital HPV infections in the human results in viral 
contamination of treatment fields. 


Material and methods 


Forty-three patients, 38 women and 5 men, aged 18 
to 56 (mean, 30) in whom the histologic study was con- 
sistent with HPV infections of the lower genital tract 
have been treated in the Laser Surgery Unit of the 
Reddy Memorial Hospital, Montreal, with a Merrimack 
840 carbon dioxide laser (Sigmacon, Toronto). The le- 
sional tissues were ordinary condyloma acuminatum in 
26 patients and low-grade (flat condyloma/cervical in- 
traepithelial neoplasia grade 1) and high-grade (cer- 
vical intraepithelial neoplasia grades 2 and 3) intra- 
epithelial lesions in the remaining 17 patients. The le- 
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Table I. HPV DNA positivity of treatment 
fields and their margins before and after laser 
vaporization of anogenital lesions 


Patients 
7 
Lesions 34/43 79 
Laser crater 7/43 16 
Laser margins 
Before therapy 4/43 9 
After therapy 7143 16* 
*NS. 


Table II. HPV DNA types by colposcopic 
appearance of anogenital lesions 






Acuminate 





6/11 ] 21 
16/18 5 l 
30s 2 — 
Mixed 2f 2¢ 
Negative 7 2 

TOTAL 17 26 


*Condyloma, intraepithelial neoplasia. 
Types 16/18, 30s. 
tTypes 6/11, 16/18. 


sional areas treated ranged from 2 to 18 cm* (mean, : 


7 cm’). The margins of lesional tissues were defined by 
the use of 5% acetic acid solution and colposcopy. Laser 
vaporization was done in four different treatment ses- 
sions each including 10 or 11 patients. Thirty patients 
were treated while under general anesthesia and the 
remaining 13 patients had local anesthesia. Laser en- 
ergy was delivered with continuous-pulse mode; power 
outputs ranged between 20 and 50 W and spot sizes 
from 2 to 4 mm with power densities ranging between 
500 and 1250 W/cm’. Laser vaporization was generally 
extended between 5 and 10 mm beyond the margins 
of lesional tissue treated. Depth of penetration ranged 
from 5 mm (in the cervix) and 2 mm (hairy skin of the 
vulva) to 1 mm (vagina, nonhairy skin of vulva, and 
perianal skin) as measured by a laser ruler from the 
normal, adjacent surface epithelium. After each pro- 
cedure the crater and surrounding epithelium were 
wiped with 5% saline solution. The operating room 
contained a wall-mounted exhaust system for evacua- 
tion of air. The laser-generated plume of smoke was 
evacuated with the Stackhouse Point One System laser 


smoke filtration system (El Segundo, Calif.) with vac- . 


uum suction settings between moderate and high (6 
and 9) and the distal end of the vacuum tube placed 
approximately 2 cm from the area treated at a given 
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time, The plume of smoke produced during vaporiza- 
tion of the cervix and vagina was evacuated via a metal 
cannula welded on the inner surface of the upper 
blade of commercially available, rough-surfaced spec- 
ula (Euro-Med Inc., Alameda, Calif., and Simpson- 
Basye, Wilmington, Del.). 

Immediately before treatment, in all patients cellular 
samples for dot blot hybridization (ViraPap/ViraType, 
LTI, Gaithersburg, Md.) were obtained with saline 
solution—moistened Dacron swabs that were rubbed 
firmly against the surfaces of the lesional tissues. Sam- 
ples also were taken from normal epithelium adjacent 
and circumferential to lesional tissues to a distance of 
5 cm. Cellular sampling for HPV detection and typing 
was repeated after the end of each laser treatment ses- 
sion from the area treated (laser crater) and the normal 
laser margin after wiping both areas with 5% acetic acid. 

The filter hybridization was performed with reagents 
and methods contained in the ViraPap human papil- 
lomavirus DNA detection kit according to the manu- 
facturer’s directions. 

The accuracy of these tests for detecting HPV DNA 
compared with the standard reference method of 
Southern blotting has been assessed in a separate study. 
Specimens from 830 patients were collected and ali- 
quots were analyzed by ViraPap and Southern blotting. 
The ViraPap test had a sensitivity of 94.5% and a spec- 
ificity of 95.5% (S. Challberg, LTI, personal communi- 
cation). In a similar analysis of specimens from 262 pa- 
tients the ViraType test had a sensitivity of 97.4% and 
a specificity of 95.7% compared with Southern blotting 
(S. Challberg, personal communication). The limits of 
detection of these tests are approximately 3, 1, and 3 pg 
for ViraPap, ViraType, and Southern blotting, respec- 
tively. For statistical analysis we used the x” contingency 
test. A p value of 0.05 was considered significant. 


Results 


Thirty-four of the 43 (79%) cases tested were positive 
for HPV DNA (Table I). There were more acuminate 
(26/43) than flat (17/43) genital HPV infections. Hu- 
man papillomavirus DNA positivity was higher in ac- 
uminate (24/26, 92%) than in flat (10/17, 60%) HPV 
infections (Table II), as well as higher in external an- 
ogenital (27/31, 80%) than in internal cervical-vaginal 
(7/12, 60%) lesions (Table III). There were nearly as 
many HPV type 6/11 —positive lesions (22/34, 65%) as 
type 16/18— and type 30s—positive lesions (12/34, 
35%) (Table II). Both the treatment fields and the sur- 
rounding 5 cm laser margins after vaporization yielded 
similar HPV DNA positivity (16%) (Table 1). The rate 
of HPV DNA positivity in laser margins was lower be- 
fore laser vaporization (9%) than after therapy (16%). 
(Table I); however, it was not statistically significant. 
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Table ITI. HPV DNA types by anatomic distribution of anogenital lesions 


PV type 


6/11 
1€/18 
3Cs 
Mixed 
Negative 
TOTAL J 


woot ETE meek pet OS et 


*Types 16/18, 30s. 
Types 6/11, 16/18. 


Comment 


The results of this study indicate that carbon dioxide 
laser-generated energy disperses viral DNA during va- 
porization of genital HPV infections. This was evi- 
denced by the presence of HPV DNA in the laser treat- 
ment fields. Although the rate of HPV DNA positivity 
in the surrounding 5 cm of normal epithelium before 
and after therapy was not statistically significant, nev- 
ertheless it was nearly twice as high after (16%) as be- 
fore (9%) therapy. The results confirm and extend ear- 
lier observations on papillomavirus infections in cattle 
and humans.*’ In these experiments viral DNA was 
found in the plume of smoke generated by carbon diox- 
ide laser energy during vaporization procedures in four 
of four (100%) bovine fibropapillomas,’ two of seven 
(28.5%)’ and five of eight (62.5%) human plantar 
warts, and in one of five (20%) precanister filters used 
during laser therapy of 65 patients with anogenital 
HPV infections.® Similarly, in an earlier study seven of 
20 patients (35%) had positive test results for HPV DNA 
in normal skin within 1.5 cm of lased anogenital con- 
dylomas or intraepithelial neoplasia. The somewhat 
lower rate of HPV positivity in our current study and 
our prior study on the plume of laser smoke® compared 
with that reported by Garden et al.’ and Sawchuk 
et al.° may largely be attributed to the different viral 
content cf lesional tissue treated. Verruca vulgaris and 
bovine warts contain significantly more HPV DNA than 
genital warts,’ thus providing for potentially higher 
rates of viral detection and contamination of treatment 
fields, respectively. 

In our previous report? we interpreted our finding 
of HPV DNA in the laser margins as latent infection 
of normal skin. However, results of this study suggest 
that the detection of HPV DNA in normal epithelium 
adjacent to lesional tissue before and after laser va- 
porization may also be caused by or be a reflection 
of viral shedding and carbon dioxide laser energy— 
generated viral dispersion. 

The biologic significance of HPV DNA in and near 
laser-treated fields is not clear because it is not known 


Lesion 


Penis 


OD a ps p COD pt 
+ 


whether the HPV DNA detected in clinical studies is in 
the form of virions. Mature virions are required for 
the transmission and development of subsequent in- 
fections, such as genital condylomas and squamous neo- 
plasia, and HPV DNA alone is not thought to be in- 
fectious. Unfortunately, at present there are no in vitro 
infectivity bioassays available for HPV. However, a sen- 
sitive in vitro bioassay for bovine papillomavirus is avail- 
able.’® With this system Sawchuk et al.° were able to 
determine that infectious bovine papillomavirus par- 
ticles could be recovered from laser smoke as evidenced 
by their ability to induce morphologic transformation 
of mouse C-127 cells. In addition, in a previous HPV 
DNA tracing study," we reported a statistically signifi- 
cantly (p < 0.01) increased likelihood for early recur- 
rent disease (3 to 6 weeks after treatment) at or near 
laser margins with HPV DNA —positive normal skin ad- 
jacent to lased tissue compared with HPV DNA- 
negative laser margins. In this study we postulated that 
acute recurrences were a reflection of later expression 
of “latent HPV” in laser margins during periods of 
postlaser repair. The latter usually is completed by the 
sixth postlaser week. In this study we did not verify the 
results of our previous study. 

If it is assumed that carbon dioxide laser energy dis- 
persed HPV DNA may be responsible for acute recur- 
rences, efforts should be made to reduce viral contam- 
ination of treatment fields as much as possible. The 
most cost-effective means of prevention of viral dis- 
persion is to position the suction tube of the smoke 
evacuator to within =1 cm of the area being lased. At 
that distance over 98% of nonvaporized material is 
evacuated from the lased area.'’' The remainder of the 
plume of smoke and its contents may be trapped by 
surgical masks (Tecnol Lazer mask, Sweet Medical, La- 
fayette, Calif.) specifically designed for laser surgical 
procedures.* 

It is possible that viral contamination may further be 
reduced by cleaning the treatment fields with viricidal 
solutions after laser procedures. 

It is possible, although not proved, that the mode of 
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laser energy used may also influence the rates of viral 
dispersion. However, neither the study by Garden 
et al.’ nor our previous study on precanister filters’ 
were able to establish a relationship between the mode 
of carbon dioxide laser energy used and the rates of 
viral contamination of treatment fields. In both studies 
intermittent to continuous-pulse mode with focused 
and defocused beams were used with power densities 
ranging between 500 and 5000 W/cm.* Regardless of 
the lasing modality used, HPV DNA was present in 
treatment fields or the plume of smoke. 

We did not study the super-pulse mode with very 
short exposure times. It may be useful to conduct ex- 
periments with different modes of laser energy delivery 
systems including super-pulse, and with the use of vir- 
icidal cleaning solutions to determine if either or both 
will diminish HPV DNA contamination rates of treat- 
ment fields and, perhaps, lower recurrence rates and 
better treatment results. 
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Emergency treatment with recombinant tissue plasminogen 


activator of pulmonary embolism in a pregnant woman with 


antithrombin [If deficiency 


F. Baudo, MD, T. M. Caimi,* R. Redaelli, PhD, A. M. Nosari, MD, M. Mauri, MD,” 


G. Leonardi, MD,’ and F. deCataldo, MD" 
Milan, Italy 


Thromboemtolic complications during pregnancy are frequent in patients with congenital antithrombin II 
deficiency. We report on a 29-year-old patient with congenital antithrombin Ill deficiency and severe 
pulmonary embolism treated with recombinant tissue plasminogen activator. The diagnosis of antithrombin 
deficiency is retrospective. This case indicates that the risk of thrombolytic therapy in this clinical setting 
might have been overemphasized. (Am J OssTet GyNecoL 1990;163:1274-5.) 
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Thromboembolic complications during pregnancy 
are frequent in patients with congenital antithrombin 
III deficiency: 70% according to Hellgren et al.’ Data 
on thrombolytic therapy for pulmonary embolism in 
pregnancy are scant and equivocal. It is generally ac- 
cepted that the use of thrombolytic agents carries a high 
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risk of placental bleeding and fetal death and that their 
use should be restricted to cases of massive pulmonary 
embolism not amenable to surgical treatment. The ar- 
ticle by Declos et al.* is at variance with this view. They 
treated a 19-year-old pregnant woman with pulmonary 
embolism with urokinase and obtained good therapeu- 
tic response without significant side effects. We report 
on a patient with congenital antithrombin III deficiency 
and severe pulmonary embolism treated with recom- 
binant tissue plasminogen activator (Boehringer In- 
gelheim, Ridgefield, Conn.). The diagnosis of anti- 
thrombin III deficiency is retrospective. 

The patient, a 29-year-old woman in week 35 of preg- 
nancy, was admitted to the Intensive Care Unit because 
of dyspnea and tachycardia of acute onset. Arterial gas 
analysis showed PO», 63.9 mm Hg; Pco,, 29.6 mm Hg; 
and arterial pulmonary pressure 60.0 mm Hg (n.v. 18 
to 26 mm Hg). Pulmonary scintigraphy showed almost 
complete absence of perfusion of the right lung and 
hypoperfusion of the lower two thirds of the left lung. 
A diagnosis of pulmonary embolism was made. 

‘Treatment was a 3-hour intravenous infusion of 100 
mg of recombinant tissue plasminogen activator fol- 
lowed by 20,000 U/day of sodium heparin in a contin- 
uous intravenous infusion. Almost complete reperfu- 
sion of the involved areas was documented by pul- 
monary scintigraphy at the end of recombinant tissue 
plasmincgen activator infusion. The following morn- 
ing, 20 hours after the end of the recombinant tissue 
plasminegen activator infusion, the patient was deliv- 
ered of a male infant by cesarean section. Surgery was 
uneventful. No placental bleeding occurred. At surgery 
the coagulation laboratory data were consistent with 
heparin therapy: activated partial thromboplastin time 
ratio, 1.90; thrombin time ratio, 1.77; reptilase time 
ratio, 1.03, and fibrinogen, 2.2 gm/L. The patient was 
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discharged on day 15 on oral anticoagulant therapy 
(warfarin). The patient has a type I antithrombin III 
deficiency, concordant reduction of antithrombin III 
activity and antigen (0.53 U/ml) with a normal crossed 
immunoelectrophoresis pattern. 

The newborn had the clinical picture of acute res- 
piratory distress syndrome without bleeding signs. The 
hemostatic parameters were. consistent with prematu- 
rity (thrombin time ratio, 1.05; prothrombin time ratio, 
1.66; activated partial thromboplastin time ratio, 2.19; 
fibrinogen, 0.9 gm/L; prothrombin, 19%; proaccelerin, 
14%; proconvertin, 17%; antihemophilic factor, 19%; 
plasma thromboplastin component, 14%; Stuart factor, 
22%; antithrombin III, 16%; and fibrinogen degra- 
dation product 8 pg/ml). He died on day 14. Autopsy 
showed intracerebral, intracerebellar, and subarach- 
noid hemorrhages commonly found in premature in- 
fants who die of adult respiratory distress syndrome, 
unrelated to the thrombolytic therapy. 

The patient’s mother died at the age of 29 because 
of postpartum pulmonary embolism. The patient’s fa- 
ther has a normal antithrombin III level. 

The case reported by Declos et al? and our own in- 
dicate that the risk of thrombolytic therapy in this clin- 
ical setting might have been overemphasized. 

Pulmonary embolism is a major cause of maternal 
death even in women without hereditary deficiencies 
that predispose patients to thrombosis. 
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Collagen metabolism in gynecologic patients: Changes in the 
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We have previously found the serum concentration of the aminoterminal propeptide of type III procollagen, 
an indicator of collagen metabolism, to be increased in advanced ovarian cancer. In this study we 
measured the serum aminoterminal propeptide of type Ill procollagen concentration in healthy women 
during the menstrual cycle and in patients with salpingo-oophoritis, leiomyomas, endometriosis, and benign 
ovarian tumors. The concentration was higher in the luteal phase than that in the follicular phase, 
suggesting an association of collagen metabolism with ovarian steroid hormones. Severe 
salpingo-oophoritis increased the serum level of the aminoterminal propeptide of type II! procollagen with a 
decrease to normal during recovery. Elevated values were occasionally seen in endometriosis and 
leiomyomas. These findings indicate that the aminoterminal propeptide of type II] procollagen is a relatively 
unspecific indicator of ovarian carcinoma. (Am J OBSTET GYNECOL 1990;163:1276-81.) 
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aminoterminal propeptide of type IH procollagen 


Type III procollagen is one of the most abundant 
constituents of interstitial connective tissue, and com- 
prises about 20% of the collagenous framework of both 
the myometrium and the cervix.’ It is synthesized in 
the form of a larger precursor protein, known as type 
III procollagen, which contains additional peptide ex- 
tentions at both ends. These sequences are known as 
the aminoterminal and carboxyterminal propeptides of 
type III procollagen. 

The aminoterminal propeptide of type III procol- 
lagen, measurable in serum by radioimmunoassay,” ° 
can be set free from the procollagen molecules during 
collagen synthesis, but it can also remain attached to 
the rest of the molecule and thus be incorporated into 
collagen fibers. Thus the serum aminoterminal pro- 
peptide of type III procollagen antigens can partly be 
derived from the de novo synthesis of type III collagen 
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and partly from the turnover of this collagen.* The 
aminotermmal propeptide of type III procollagen test 
has been found useful in the follow-up of ovarian can- 
cer patients in whom elevated aminoterminal propep- 
tide of type III procollagen concentrations in serum 
are frequently found, which closely correlate with the 
clinical behavior of the disease.*” During pregnancy 
the aminoterminal propeptide of type III procollagen 
concentration in serum increases toward term, proba- 
bly reflecting the increased connective tissue metabo- 
lism in the uterofetoplacental compartment.® 

The serum concentration of the tumor marker CA 
125 is increased in some nonmalignant gynecologic dis- 
eases (e.g., endometriosis and inflammatory diseases) 
as well as during pregnancy, and it varies somewhat 
according to the phase of the menstrual cycle.’ To fully 
judge the usefulness of the aminoterminal propeptide 
of type III procollagen measurement as a tumor 
marker complementary to CA 125, we evaluated the 
expression of the aminoterminal propeptide of type ITI 
procollagen in several nonmalignant gynecologic dis- 
eases. This study reports our findings on patients with 
endometriosis, salpingo-oophoritis, leiomyomas, ovar- 
ian cysts, and cystadenomas. In addition, the variation 
in the aminoterminal propeptide of type III procolla- 
gen concentration during the normal menstrual cycle 
was assessed. 


Volume 163 
Number 4, Part 1 


Material and methods 


Patients. Ten normally menstruating healthy 
women, ages 20 to 25 years, were followed up with 
repeated zminoterminal propeptide of type III pro- 
collagen measurements during one menstrual cycle. 
The serum samples were otherwise obtained every 
2 days, but during the periovulatory time they were 
taken dailv. Follicle maturation was estimated by ultra- 
sonographic examination. 

Twenty patients with salpingo-oophoritis were fol- 
lowed up in the hospital for 3 to 18 days, depending 
on the severity of the disease. Blood samples for the 
measurements of the aminoterminal propeptide of type 
III procollagen, C-reactive protein, and erythrocyte 
sedimentation rate were obtained every 2 or 3 days. 

For preoperative serum aminoterminal propeptide 
of type III procollagen analysis, blood samples were 
obtained From 18 patients with uterine leiomyomas, 36 
patients with ovarian cysts, 18 patients with ovarian 
cystadencmas, and 97 patients with endometriosis. 

None cf the subjects studied had any other disease 
including hepatic, rheumatic, or malignant diseases 
that could influence the serum aminoterminal propep- 
tide of type III procollagen concentration. 

All blood samples were obtained with the patients’ 
permission and the research was carried out according 
to the provisions of the Declaration of Helsinki. The 
serum samples were stored frozen at — 20° C until an- 
alyzed. 

Radioimmunoassay for the aminoterminal propep- 
tide of type III procollagen. The concentration of the 
aminoterminal propeptide of type III procollagen was 
measured in duplicate 200 wl serum samples with a 
recently described equilibrium radioimmunoassay.’ 
The solid phase second antibody separation reagent 
was kincly provided by Farmos Diagnostica (SF-90460, 
Oulunsalo, Finland). The sensitivity of the test was 0.2 
ug/L. Both the intraassay and the interassay variations 
were <5% at the concentrations found during the 
study. The reference interval (mean + 2 SD) for 
healthy adults is 1.7 to 4.2 ug/L with no difference 
betweer. men and women. The concentration is inde- 
penden: of age in adults. 

Statistical analyses. A one-way analysis of variance 
was used to analyze the statistical significances of the 
differences between different groups. The significance 
was then tested with a modified Student ¢ test with 
calculation of the critical ¢ value by the Bonferroni 
method. 

For comparison of the serum aminoterminal pro- 
peptide of type III procollagen concentrations in the 
different phases of the menstrual cycle we calculated 
the mean values for the follicular, periovulatory, and 
luteal phases (cycle days 1 to 10, 11 to 15, and 16 to 
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28, respectively) for each subject. The percentage of 
deviation of each individual value from the total indi- 
vidual mean was determined, and this percentage was 
the variable used tn the statistical treatment of the re- 
sults. 


Results 


In 10 healthy women who were followed up through- 
out one menstrual cycle the concentration of the ami- 
noterminal propeptide of type III procollagen in serum 
varied significantly during the menstrual cycle (Fig. 
1, A and B). The concentrations measured remained 
within the reference interval, but were somewhat lower 
in the follicular phase (days 1 to 10), increased toward 
ovulation (days 11 to 15), and elevated during the luteal 
phase (days 16 to 28). The difference between the fol- 
licular and the luteal phases was statistically significant 
(p < 0.001; Fig. 1, B). 

Twelve of 20 patients who had salpingo-oophoritis 
had a severe disease with elevated erythrocyte sedi- 
mentation rate and C-reactive protein with accumula- 
tion of purulent fluid in the pelvic cavity. The serum 
concentration of the aminoterminal propeptide of type 
III procollagen exceeded the reference interval in eight 
patients; seven of them had a severe infection. After a 
slower increase than those seen in erythrocyte sedi- 
mentation rate or C-reactive protein, the serum ami- 
noterminal propeptide of type III procollagen changes 
followed closely the behavior of these two indicators of 
the acute phase reaction (Fig. 2). 

The 97 patients with endometriosis were grouped 
according to FIGO (International Federation of Gy- 
necology and Obstetrics) staging of the disease (Fig. 3). 
The median concentrations of serum aminoterminal 
propeptide of type III procollagen were 3.7 pg/L in 
stage I (range, 2.1 to 7.6 pg/L; n = 54), 3.3 ug/L in 
stage II (range, 2.0 to 6.1 pg/L; n = 24), and 3.9 
ug/L in stages II] and IV combined (range, 2.0 to 6.2 
mg/L; n = 19). The upper limit of the reference in- 
terval was exceeded by 13, three, and six patients, re- 
spectively, or in 23% of all. There were no significant 
differences between the groups, and none of the 
groups differed significantly from the reference pop- 
ulation, which consisted of healthy Finnish blood 
donors.” 

Of the 18 patients with uterine fibroids from whom 
serum samples were obtained before operation, six had 
elevated serum concentrations of the aminoterminal 
propeptide of type HI procollagen (mean, 4.1 pg/L; 
range, 3.6 to 7.6 ug/L). The value did not correlate 
with the age of the patient or with the size of the fibroid. 

In the group of 36 patients with benign ovarian cysts, 
there were no elevated aminoterminal propeptide of 
type III procollagen concentrations. The median value 
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Fig. 1. Variation of aminoterminal propeptide of type III procollagen (PHINP) concentration in 
serum during normal menstrual cycle. For detailed description of follow-up see Material and methods 
section. A, Deviation of individual values from overall mean value, calculated for each subject. B, 
Box and whiskers plot analysis. Central box covers middle 50% of values, whiskers through lower 
and upper quartiles extend to 10% and 90% percentiles. Highest and lowest individual values 
observed are indicated by small circles. Horizontal lines inside boxes are median values. 


was 2.5 ug/L and the range was 1.4 to 4.1 pg/L. Of the Comment 

14 patients with a benign cystadenoma, only one had The concentration of the aminoterminal propeptide 
a aminoterminal propeptide of type III procollagen of type III procollagen in serum is frequently increased 
concentration above the reference range (5.8 pg/L). In in up to 83% of patients with advanced ovarian can- 
this group the median was also 2.5 ug/L with a range cer and correlates with the clinical course of the dis- 


of 1.6 to 5.8 ug/L. ease.*’ In addition, it is elevated in about 40% of pa- 
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Fig. 2. Follow-up of two patients with severe salpingo-oophoritis. A indicates C-reactive protein 
(CRP) (milligrams per liter), @ erythrocyte sedimentation rate (SR) (millimeters per hour) and @ 
aminoterminal propeptide of type III procollagen (PHINP) (micrograms per liter). Horizontal line 
indicates upper limits of reference intervals of these three parameters. Note different scales on left. 


tients with advanced endometrial or cervical carci- 
noma.” The present study was undertaken to test 
whether the results of the aminoterminal propeptide 
of type III procollagen test are affected by other gy- 
necologic diseases. This kind of information is essential 
for the correct clinical interpretation of elevated con- 
centrations in patients with malignant tumors. 

The nonmalignant disease that was most frequently 
associated with a significantly increased aminoterminal 
propeptide of type III procollagen concentration in 
serum was severe salpingo-oophoritis. In this septic 
condition the serum aminoterminal propeptide of type 
III procollagen concentration resembled the acute 
phase parameters of C-reactive protein and erythrocyte 
sedimentation rate in its behavior. A similar increase 
was found earlier in patients with septic wound infec- 
tions.'’ In the latter case the serum antigen was char- 
acterized and found to be predominantly of larger size 
than the aminoterminal propeptide set free during syn- 
thesis of type III collagen. This finding suggests that 
the serum aminoterminal propeptide of type III pro- 
collagen in severe infections is derived from the partial 
degradation of type III collagen fibers in the affected 
tissues. Inasmuch as some aminoterminal propeptide 
is found on the surface of such fibers,’ it is probably 
relatively sensitive toward locally increased proteolytic 
activity. 

Like the CA 125 antigen, the aminoterminal pro- 
peptide of type III procollagen seems not to be affected 


by nonmalignant ovarian lesions. This is an important 
finding and it stresses the usefulness of the aminoter- 
minal propeptide of type III procollagen test in the 
differential diagnosis between benign and malignant 
ovarian lesions. 

A total of 23% of patients with endometriosis had 
serum aminoterminal propeptide of type HI procol- 
lagen concentrations above the reference interval; how- 
ever, there was no association between the elevations 
and the severity of the disease. CA 125 is also increased 
in about 25% of these patients, but in contrast to the 
aminoterminal propeptide of type III procollagen, the 
degree of elevation is related to severity of endome- 
triosis.* ° The reasons for the skewed distribution of 
the aminoterminal propeptide of type III procollagen 
values in our patients with endometriosis is not clear. 
It is possible that in this condition the aminoterminal 
propeptide of type III procollagen is derived from a 
reaction of peritoneal cells, including fibroblasts, to lo- 
cal irritation, a mechanism that could also function in 
salpingo-oophoritis. This may also be true for the in- 
crease In serum aminoterminal propeptide of type III 
procollagen in patients with uterine leiomyomas. An- 
other source in this case might be the increased collagen 
metabolism inside the tumor. 

Hormonal regulation of extracellular matrix metab- 
olism is a clinically important but little investigated 
topic. The occurrence of the aminoterminal propeptide 
of type III procollagen antigen has been demonstrated 
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Fig. 3. Aminoterminal propeptide of type III procollagen (PIJJNP) concentration (micrograms per 
liter) in serum of patients with endometriosis (A) and uterine leiomyomas (B). Z to IV indicate stages 
of endometriosis according to FIGO (International Federation of Gynecology and Obstetrics) staging. 
Continuous horizontal line indicates upper limit of reference interval, short horizontal lines denote means 


for each group. 


in ovarian follicular fluid, where its concentration cor- 
relates negatively with the progesterone content of the 
fluid.“ We now found a statistically significant elevation 
of the aminoterminal propeptide of type ILI procol- 
lagen concentration in serum between the follicular and 
luteal phases of a normal menstrual cycle. This change, 
despite the concentration remaining all the time within 
the reference interval, was noted in each of the 10 
women who underwent the study. Although the ami- 
noterminal propeptide of type III procollagen values 
did not correlate with the estrogen or progesterone 
concentrations measured in the same blood samples, it 
seems obvious that the variation is a result of the hor- 
monal changes and is brought about either by changes 
taking place in the endometrial connective tissue or by 
alterations in the matrix metabolism all over the body. 
It has been suggested that estrogens specifically repress 
the synthesis of type III procollagen in smooth muscle 
cells." In addition, one of the principal functions of 
progesterone is thought to be an induction of the syn- 
thesis of stromal structures in the endometrium. 

Our clinical studies revealed many similarities be- 
tween CA 125 and aminoterminal propeptide of type 
III procollagen. Both are frequently increased in ad- 
vanced ovarian carcinoma®”* and in some other gy- 
necologic malignancies.* * '° Increased concentrations 
of both markers are often present during pregnancy 
and pelvic inflammatory diseases and sometimes in en- 
dometriosis. The factors associated with the growth of 
gynecologic malignancies and with the inflammatory 


reactions of pelvic peritoneum seem to involve the reg- 
ulation of the expression of both CA 125 and type III 
collagen. 


We gratefully acknowledge the expert technical as- 
sistance of Kristiina Pekkala and Ulla Väinämö. 
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Why all placentas should be examined by a pathologist 
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Placental pathology is rarely a part of the training for either obstetrician or pathologist. As a result there 
has been confusion regarding the potential benefits of routine placental examination. These benefits 
include clarification of the causes of many adverse pregnancy outcomes, improvement of the risk 
assessment for future pregnancies, and ascertainment of newborn risk for long-term neurodevelopment 
sequelae. Information on placenta! abnormalities may reveal the presence of chronic fetal insults and allow 
their differentiation from acute (peripartum) stresses. Current methods of risk assessment fail to identify 
the majority of pregnancies that end in prematurity, stillbirth, growth retardation, or fetal distress. We 
suggest that placental pathology should be a routine component of obstetric-neonatal care. (AM J OBSTET 


GYNECOL 1990;163:1282-93.) 
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It would surprise neither obstetricians nor patholo- 
gists if a governmental survey concluded that the single 
group expressing the most consistent interest in the 
placenta was the cosmetics industry, which purchases 
tons of placentas yearly for the extraction of hormones 
and proteins to be used in hair, face, and skin care 
treatments. There are several reasons for this mutual 
disinterest on the part of our medical colleagues. Pla- 
cental and perinatal pathology is rarely a part of the 
residency training program for either discipline. The 
end result is lack of a mutual vocabulary, which leads 
to poor communication of relevant clinical information 
and frustration of both pathologist and obstetrician. 
The most significant problem with the pathologist is 
that he/she fails to appreciate the pathophysiologic fea- 
tures and clinical presentation of the histologic changes 
he/she may identify. As far as the obstetrician is con- 
cerned, he/she is most often unable to combine the 
clinical data with the different histologic types, which 
have to be merged in a clinically relevant fashion. In 
addition, obstetricians usually consider any information 
obtained from the study of the placenta to be retro- 
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spective, i.e., after the fact and therefore of no help in 
the prospective management of the pregnancy in ques- 
tion. Finally, adequate examination of the placenta 
requires an outlay in technical personnel and mate- 
rial, which, in an era in which cost-effectiveness is a 
major concern to all hospitals, may not be readily forth- 
coming. 

It is our belief that examination of the placenta 
should be of vital interest to both obstetricians and neo- 
natologists, as well as hospital lawyers and risk man- 
agers. The possible benefits derived from placental ex- 
amination include: (1) clarification of the pathophysi- 
ologic features and significance of antepartum events 
detected by modern technology, as well as the relative 
contributions of “acute” (peripartum) and “chronic” 
(antepartum events of adverse neonatal outcomes; (2) 
improved management of subsequent pregnancies by 
diagnosing pathologic conditions that may have risks 
of recurrence or may even be preventable or treatable 
in subsequent pregnancies; (3) assessment of newborn 
risk for long-term neurodevelopmental sequelae, thus 
giving the opportunity to optimize long-term outcome 
by early and timely interventions. 

This communication was therefore undertaken to 
address: (1) the terminology and clinical significance of 
gross and microscopic placental lesions, (2) the role of 
placental pathologic examination in differentiating be- 
tween acute and chronic fetal insults, (3) the need for 
routine placental pathologic examinations in all preg- 
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nancies; and (4) the cost-effectiveness of routine pla- 
cental pathologic examination. 


Terminology and clinical significance of 
placental lesions 


Gross examination (Table I) 

Extraplacental membranes. The extraplacental mem- 
branes are examined for adherent blood clot, which 
may indicate the presence of abruptio placentae. The 
membranes’ color may be described as “clear” (normal), 
cloudy, 'or opaque. When cloudy or opaque membranes 
are found, an ascending intraamniotic infection should 
be suspected. Membranes may also be described as 
green (indicating meconium staining), yellow (indicat- 
ing amniotic hyperbilirubinemia) or red-brown (raising 
the possibility of intraamniotic bleeding). Certain bac- 
terial infections may cause the membranes to appear 
green or yellow in the absence of intraamniotic pig- 
ments, but these membranes are generally also thick 
and opaque. 

If the membranes are complete, the site of rupture 
should be determined by placing the hands inside the 
amniotic sac. The rupture site in a normal vaginal de- 
livery should indicate the pericervical membranes. If 
the rupture site is at the placental margin, this suggests 
that the edge of the placenta may have been in the 
cervical area (a marginal placenta previa) or in the lower 
uterine segment. If the site of rupture in a vaginal 
delivery is > 10 cm from the placental margin, it is likely 
that the implantation was fundal. 

The membrane insertion onto the chorionic plate is 
described as marginal (normal), circummarginate, or 
circumvallate. When the membranes are inserted mar- 
ginally, the chorionic plate extends to the edge of the 
placental disk, and the membranes are inserted at the 
edge of the disk. In circummarginate insertion the cho- 
rionic plate is circumscribed by a ring of fibrin. The 
placental disk may extend several centimeters beyond 
the limits of the chorionic plate. This insertion is not 
associated with fetal-neonatal compromise.’ In circum- 
vallate insertion the chorionic plate is also smaller than 
the placental disk, but the ring limiting the chorionic 
plate is a fold of extraplacental membranes (amnion, 
chorion, and decidua). The firm white appearance of 
this ring is due to ischemic necrosis of the chorion and 
decidua entrapped in this fold. Circumvallate insertion 
has been associated in our experience with chronic oli- 
gohydramnios, amnion rupture, maternal smoking, 
and other conditions of uterine vascular insufficiency. 

Next, the amnion should be inspected carefully for 
the presence of amnion nodosum, a lesion seen in as- 
sociation with prolonged oligohydramnios of any cause. 
Grossly, these lesions appear as irregular lumps of gran- 
ular material that cannot be easily scraped from the 
amnion surface. 

The determination of chorionicity is very impor- 
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Table I. What to look for in gross 
placental examination 





Extraplacental membranes 
Adherent blood clot 
Color i 
Transparency 
Site of rupture (relative to placental margin) 
Insertion (marginal, circummarginate, circumvallate) 
Amnion nodosum 
Velamentous vessels (if present, ? intact) 
Chortonicity (multiple gestations) 
Umbilical cord 
Length 
Diameter 
Color 
Vessel number (single artery) 
Angioma, allantoic and omphalomesenteric remnants 
True knots 
Insertion (central, marginal, velamentous) 
Chorionic plate 
Color and transparency 
Dimensions and shape 
Vascular pattern (velamentous vessels) 
Subchorionic thrombi 
Maternal surface 
Completeness 
Adherent blood clot, placental indentation (abruptio 
placentae) 
Calcifications 
Villous parenchyma 
Infarction, intervillous thrombosis 
Color 
Location and dimensions 
Chorioangioma 
Color 
Dimensions 
Solitary-multiple 
Maternal floor infarction 
Perivillous fibrin deposition 
Pallor 





tant in multiple gestations. For more information, 
the reader is referred to standard reviews of the 
subject.'° 

Umbilical cord 

LENGTH. In term gestations the normal umbilical 
cord length ranges from 54 to 61 cm.** On the basis 
of Gardiner’s calculation,’ 32 cm is considered the min- 
imal length of the cord in a term infant. Abnormally 
short cords have been observed in conditions of re- 
stricted fetal movements, such as in oligohydramnios, 
fetal paralysis, etc. Long umbilical cords (arbitrarily set 
at >100 cm‘) may be associated with multiple nuchal 
cords, cord prolapse,’ or funic presentation. 

DIAMETER. The umbilical cord diameter is usually 
larger where it is closer to the fetus and where it might 
be expected to have the greatest arterial pressure. Vari- 
ations in umbilical cord diameter observed after the 
cessation of umbilical blood flow reflect to a large de- 
gree changes in the volume of Wharton’s jelly. Both 
segmental lack of Wharton’s jelly and lack of Wharton’s 
jelly before insertion of the umbilical cord onto the 
chorionic plate (“furcate” or “forked” insertion) have 
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been seen in association with fetal compromise or 
death. An increase in Wharton’s jelly may appear as 
edema, with the umbilical cord taking on a milky color. 
Edema of the cord may be observed in cases of intraam- 
niotic infection or a functionally significant true knot, 
as well as in cases of maternal diabetes and Rh isoim- 
munization.'! In situations of fetal volume depletion, 
such as preeclampsia or intrauterine growth retarda- 
tion, Wharton’s jelly will be water depleted, and the 
surface of the umbilical cord will appear wrinkled (like 
“dishpan hands”). | 

Cotor. The umbilical cord may also be stained by 
the same intraamniotic pigments (meconium, bilirubin, 
hemosiderin) that may stain the membranes. In cases 
of intrauterine fetal death, the umbilical cord will be- 
come progressively red-brown, as a result of hemolysis 
of fetal blood in the umbilical vessels. In cases of in- 
traamniotic candidiasis, yellow plaques on the surface 
of the umbilical cord should alert the pathologist to the 
possibility of candidal abscesses. 

UMBILICAL VESSELS. The normal umbilical cord con- 
tains two small caliber arteries and one larger caliber 
vein. Absence of an umbilical artery was originally re- 
ported to be significantly more frequent among infants 
with congenital anomalies, especially of the urinary 
tract, as well as with tracheoesophageal fistulas and cen- 
tral nervous system changes. However, a single um- 
bilical artery is also observed in clinically normal in- 
fants, and most frequently in our experience it is the 
only abnormality found. While Altshuler et al. have 
shown no significant changes in incidences of fetal 
anomalies in cases of arterial aplasia versus arterial atro- 
phy, we have observed several instances in which fusion 
of the umbilical arteries was confined to a single area 
of umbilical cord in otherwise normal infants. The re- 
lationship of a single umbilical artery to fetal anomalies 
may vary, depending on whether two functional um- 
bilical arteries are present intraabdominally.” 

OTHER UMBILICAL STRUCTURES. Other structures 
present in the umbilical cord may create the appearance 
of accessory vessels. Four or even five vessels may be 
apparent on cross section of the umbilical cord. While 
this may represent an area of varicosity, it may also be 
due to persistent omphalomesenteric vessels. A persis- 
tent allantoic duct may also appear to be a “fourth 
vessel.” Umbilical angiomas are not infrequent micro- 
scopic findings but rarely are grossly recognizable or 
clinically relevant. Unusual lesions of the umbilical cord 
have been described, including teratomas."!! 34 

TRUE KNOTS. True knots of the umbilical cord must 
be distinguished from “false Knots” or varicosities, dis- 
tinction generally made with ease. Cessation of blood 
flow.through the umbilical cord by an acute tightening 
of a knot is a rare event if the blood flow through the 
umbilical cord has previously been normal. Tightening 
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ofa knot leading to restricted flow occurs only after 
the flow has already become abnormally slow or when 
the cord has already demonstrated decreased intravas- 
cular pressure. The mechanics and arrangement of the 
umbilical cord vessels are such that the cord acts as 
erectile tissue, which is not deformable under situations 
of high-volume blood flow."® After flow has ceased (i.e., 
stillbirth), a cord knot will often tighten during the 
labor and delivery, thus giving the false impression that 
obstruction to umbilical blood flow was the cause of 
fetal death. The clinical significance of a cord knot 
therefore must be carefully investigated. If a cord knot 
was primarily responsible for alterations in umbilical 
flow, several changes should be grossly apparent, de- 
pending on whether the changes were chronic or acute. 
If Wharton's jelly is tubular and not deformed, such a 
knot should be considered to be postmortem and there- 
fore of dubious clinical significance. If the knot was 
tight in utero, umbilical venous distention should be 
present on the placental side of the knot, and edema, 
as a result of increased arterial pressure, should be 
present on the fetal side of the knot. If cord vessels are 
acutely obstructed by the knot while the fetal heart is 
actively beating, umbilical arterial hemorrhages on the 
fetal side of the knot and venous hemorrhage on the 
placental side of the knot might also be observed. In 
situations of chronic alteration of blood flow, both 
grossly and microscopically, thrombi may be observed 
as secondary events. Knots tightened postmortem 
should not have changes of edema, vascular distention, 
or disruption, and the proximal and distal segments of 
the cord should have a similar appearance. 

UMBILICAL CORD INSERTION. The umbilical cord in- 
sertion may be described as central, eccentric, marginal, 
or velamentous relative to the chorionic plate. Eccentric 
cord insertions are associated with multiple gestations 
or uterine septa. Marginal and velamentous insertions 
may pose hazards to the fetus.'® A marginally inserted 
cord may be more poorly supported than one based 
on the chorionic plate and more'susceptible to compres- 
sion from mechanical pressures. We have observed sev- 
eral cases of growth failure, as well as stillbirth, after 
external cephalic version when a marginal cord inser- 
tion was present. Placental abnormality was consistent 
with intermittent instability or changes in volume and 
pressure of flow within the placental circulation. The 
dangers of a velamentous cord insertion are well 
known. Velamentous vessels running in the placental 
membranes are also more susceptible to mechanical 
compression and, more important, to tearing during 
labor and delivery. The condition known as vasa previa, 
when velamentous vessels cross the cervical os, may be 
fatal to the fetus if not detected before membrane 
rupture. 

Chorionic plate. The chorionic plate is composed of 


Volume 163 
Number 4, Part I 


amnion and the vascular chorion, within which there 
are arteries ramifying from the umbilical vessels and 
veins draining the placental villi. Inspection of the cho- 
rionic plate may reveal several characteristics of the 
extraplacental membranes, such as color and transpar- 
ency. Abnormalities of insertion of the extraplacental 
membranes may result in abnormalities of the chorionic 
plate. A “battledore” placenta is one with an extremely 
eccentric cord and is of no significance unless vela- 
mentous vessels exist. White plaques may be visible 
through the chorionic plate. These are areas of sub- 
chorionic thrombi. They are more frequent in placen- 
tas of mothers who smoke.” 

Maternal surface. Gross defects may indicate signifi- 
cant volumes of retained villous placenta. Clinically, the 
possibility of retained villous tissues may alert the ob- 
stetrician to patients at risk for postpartum hemorrhage 
or endometritis. 

The maternal surface should also be examined for 
the presence of adherent blood clot. Any adherent 
blood must be considered as potentially relating to 
acute abruptio placentae, and when the clinical suspi- 
cion warrants, villous tissue adjacent to areas of blood 
clot should be examined for microscopic evidence of 
acute alterations in intervillous flow. The nearby ma- 
ternal surface should be inspected for evidence of 
depression or compression of the villous placenta. A 
section through the villi subjacent to an area of adher- 
ent retroplacental blood should be examined micro- 
scopically for changes indicative of early infarction or 
focal trophoblast ischemia. 

Villous parenchyma. The placental villi should be ex- 
amined by serial sections of the placenta, perpendicular 
to the maternal surface and chorionic plate, at ap- 
proximately 1 cm intervals. Both surfaces of each cut 
should be examined for the presence of the abnor- 
malities described here. 

INFARCTION. Recent (acute) infarctions may be dif- 
ficult to distinguish from viable placenta but will gen- 
erally be firmer and have a slightly different hue than 
adjacent viable areas. Old infarcts will be tan-white. All 
lesions suspected grossly to be infarctions should have 
this impression confirmed microscopically, since other 
lesions (for instance, infarcted chorioangiomas) may 
grossly resemble placental infarctions. The: approxi- 
mate size of the infarct should be noted. In a series of 
500 consecutive placentas delivered of uncomplicated 
pregnancies at term, we observed a 10% incidence of 
placental infarction, and 90% of these lesions occupied 
<I cm cubic volume. 

The location of the lesion should be described as 
marginal (within 2 to 3 cm of the edge of the placenta) 
or central. In our experience 90% of placental infarc- 
tions in normal term deliveries are marginal. Whether 
a lesion is juxtabasal, subchorionic, or located centrally 
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within the villous parenchyma is also important. The 
most likely location for ischemic villous death in the 
event of decidual vascular occlusion is at the maternal 
surface. Lesions grossly having the appearance of in- 
farctions, which are located separate from the basal 
plate, should be carefully examined microscopically for 
the presence of associated acute or chronic villous in- 
flammation. l 

INTERVILLOUS THROMBOSIS. In the subchorionic area 
blood flow is turbulent.’ If spiral arterial flow is dis- 
turbed, subchorionic blood flow might become stag- 
nant, possibly leading to subchorionic thrombosis. Sub- 
chorionic thromboses are common in term pregnancies 
and appear as laminated, white-tan plaques that can be 
seen through the chorionic plate. Generally, these le- 
sions will be <5 to 8 mm in thickness and occupy less 
than 2 cm.” of the chorionic plate. Plaques of subcho- 
rionic fibrin have been observed more frequently 
among smokers,” who have increased numbers of 
platelets and increased platelet adhesiveness.'* Inter- 
villous thromboses that are distant from the maternal 
surface are usually composed of mixed maternal and 
fetal blood, and they are more common in cases of 
rhesus isoimmunization.” Intervillous thromboses close 
to the maternal surface are predominantly composed 
of maternal blood and may represent the effects of local 
disruption of spiral arterial flow.'? While the clinical 
significance of intervillous thromboses has not been en- 
tirely understood, we have observed such thrombi, gen- 
erally multiple and parabasal, in cases of preterm rup- 
ture of membranes with abnormal fetal biophysial as- 
sessment. 

CHORIOANGIOMA (PLACENTAL HEMANGIOMA). These 
lesions may frequently be confused with intervillous 
thrombosis or placental infarction. Depending on the 
viability and vascularity of the lesion, they may appear 
as dark red-brown or white-yellow, sharply circum- 
scribed lesions. Chorioangiomas may be solitary or mul- 
tiple. If multiple, they may occasionally be associated 
with fetal angiomas in brain, liver, or other viscera.” 
They may also cause fetal compromise by their ability 
to function as shunts. Massive or multiple chorioan- 
giomas may be found in cases of intrauterine death 
with or without fetal hydrops. Solitary lesions may pres- 
ent clinically as fetal tachycardia, as fetal distress, or, 
when infarcted, with mild degrees of neonatal throm- 
bocytopenia, as a result of increased platelet consump- 
tion within the vascular tumor. Placental chorioan- 
giomas have been assocated with extremely elevated 
maternal serum a-fetoprotein values and may be de- 
tected ultrasonographically. 

MATERNAL FLOOR INFARCTION. This particular lesion 
is discussed separate from placental infarction because 
of its different etiology. Grossly, the lesion is generally 
a bandlike area of white-tan tissue running along the 
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Table II. What to look for in microscopic 
examination of placenta 





Noninflammatory changes of amnion 
Amnion nodosum 
Meconium histiocytosis 

Acute inflammatory changes ~ 
Pattern of spread of organism (extraamniotic or in- 

traamniotic) 
Maternal versus fetal inflammatory response 
Discordance between maternal-fetal inflammatory re- 
sponses 

Infarction, intervillous thrombosis 
Age 
Associated pathologic condition (chronic villitis, de- 

cidual thrombosis, etc.) 

Chronic villitis, 

Type of cellular infiltrate 

Presence of intervillositis 

Volume of affected tissue (grade) 

Associated features (vasculitis, intravascular thrombi, 
hemorrhagic endovasculitis, etc.) 

Hemorrhagic endovasculitis 
Type of vessel(s) involved (chorionic, major stem, etc.) 
Volume of affected tissue (grade) 

Associated changes (chronic villitis, placental intra- 
vascular thrombi, ete.) 

Placental intravascular thrombi 
Type of vessel(s) involved (chorionic, major stem, etc.) 
Number of involved vessels 
Associated features (vasculitis, hemorrhagic endovas- 

culitis, etc.) 
Trophoblast degenerative knots 
Proportion normal, increased, or decreased relative to 
gestational age 

Diffuse or focal 

Associated changes (abnormal villous fibrosis or vascu- 
larity, decidual vasculopathy, etc.) 

Perivillous fibrin deposition and fibrinoid necrosis 
Proportion normal, increased, or decreased relative to 

gestational age 
Diffuse or focal 
Associated changes (X-cell proliferation, acute inflam- 
- mation, villous and decidual pathologic conditions) 
Erythroblastosis and villous edema 
Proportion of nucleated-anucleate erythrocytes (rela- 
tive to gestational age) 

Proportion of affected villi (edema) 

Severity of edema (diameter of affected villi relative to 
gestational age) 

Associated changes (acute or chronic inflammation, 
decidual vasculopathy, abruptio placentae) 





fetomaternal interface at the basal plate. The area of 
involvement may be very narrow or may involve all but 
subchorionic areas of placenta. Maternal floor infarc- 
tion has been reported to be a cause of repeated poor 
pregnancy outcome”! and has recently been suggested 
to be of immunologic origin.” Its identification is clin- 
ically relevant because of the reported potential for 
recurrence in subsequent pregnancies. 

_ PERIVILLOUS FIBRIN DEPOSITION. The normal villous 
parenchyma on cross section is dark red and finely 
granular. Occasionally, white glistening bands of con- 
nective tissue carrying the major branches of the fetal 
stem vessels may be identified. Perivillous fibrin ap- 
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pears as an irregular tan-brown granular material, 
which appears to be deposited with irregular outlines, 
and it is located away from the maternal sruface, which 
allows this lesion to be differentiated from more in- 
farctions. This process is considered to indicate a local 
ischemic process. In our experience, focal perivillous 
fibrin deposition is found in 5% to 10% of normal term 
placentas. 

Microscopic examination (Table II) 

Noninflammatory changes of the amnion. The normal his- 


tologic appearance of the amnion is usually composed 


of three elements: a low cuboidal epithelium, a dense 
acellular connective tissue layer, and a loose connective 
tissue layer with scattered spindle cells that have elon- 
gated nuclei and sparse cytoplasm,” which phenotyp- 
ically are macrophages. In severe and prolonged cases 
of oligohydramnios, squamous debris is ground into 
the amnion by fetal movements. This is precisely the 
histologic appearance of amnion nodosum. In this le- 
sion keratinized squamous debris is present in lumps 
on the amnion surface. The epithelium is not present 
below the deposit, but there will be reepithelialization 
of the surface of the squamous deposit to varying de- 
grees. Amnion nodosum is more commonly seen over 
the chorionic plate than in the reflected membranes. 
Not surprisingly, it is a rare lesion outside the setting 
of renal agenesis or prolonged rupture of membranes 
with persistent oligohydramnios of at least 1 week’s 
duration. | 

Examination of the amnion and chorion for the pres- 
ence of meconium-filled macrophages may also provide 
information regarding the duration of exposure of the 
membranes to meconium before delivery. Meconium 
in amniotic fluid diffuses across the amnion and is 
phagocytosed by the spindle cells of the deep connec- 
tive tissue layer. After meconium phagocytosis these 
cells take on a plump shape more characteristic of a 
macrophage. It is presumed that the number of 
meconium-laden cells is related to the volume of me- 
conium diffusing from the amniotic fluid and that the 
depth of diffusion through the amnion, chorion, or 
decidua is likely related to the duration of exposure to 
meconium. a 

Acute placental inflammation. As discussed above, in- 
traamniotic infection may be suspected by gross ex- 
amination of the umbilical cord, membranes, and cho- 
rionic late. The gross diagnosis of intraamniotic infec- 
tion, however, requires microscopic examination to 
confirm gross diagnosis and to provide information as 
to duration-severity and occasionally type of organism. 
We routinely examine the following sections: two sam- 
ples of umbilical cord (one close to the distal end of the 
cord and one from within 10 cm of the insertion on 
the chorionic plate), two samples of extraplacental 
membranes (one from the edge of the site of rupture, 
when identifiable, and one from a membrane roll ex- 
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tending from the site of rupture to the placental mar- 
gin), and at least one sample of chorionic plate includ- 
ing chorionic vessels. This method allows us to answer 
the following questions: Is there an inflammatory pro- 
cess in the pericervical tissues of the site of rupture? If 
yes, did the inflammation spread laterally through the 
decidua and therefore remain extraamniotic, or did the 
inflammation extend into the amniotic fluid? If an in- 
traamniotic inflammation is evident, is there a fetal re- 
sponse (umbilical vasculitis and/or funisitis)? The rel- 
evance of these questions to clinical situations such as 
premature rupture of membranes, preterm labor and 
delivery, and fetal jeopardy is clear. Patterns of inflam- 
mation within the extraplacental membranes may pro- 
vide clues as to the pathway of the infectious spread. 

A discordance between the maternal and fetal com- 
ponents of the inflammatory response may alert the 
pathologist to the possible involvement of organisms 
such as group B streptococcus. Pandey et al.* clearly 
demonstrated that certain women who are chronic car- 
riers of this organism have abnormal humoral and cel- 
lular immune responses to the streptococcus. When 
group B streptococcus is involved in an intraamniotic 
infection in women with absent immune response, the 
histologic features would be characterized by absent or 
minimal maternal inflammatory response (in extrapla- 
cental membranes and chorionic plate) and a well- 
developed fetal response (in umbilical cord and cho- 
rionic vessels). In the absence of any defensive mater- 
nal participation, the fetus-neonate is at risk for severe 
infectious complications. Indeed this pattern has been 
observed in cases of catastrophic early-onset neonatal 
streptococcal sepsis and is commonly observed in 
women with several children, all of whom suffered neo- 
natal streptococcal sepsis. While there is controversy as 
to whether women should have cultures performed 
and/or be treated for streptococcal colonization, it is 
our opinion that patients with histologic evidence of an 
inability to mount an immune response to this organism 
should be considered as candidates for treatment since 
they are at high risk for developing neonatal sepsis. 
Only placental examination will identify this group of 
patients. 

Infarction. Microscopically, these lesions will show 
frank villous necrosis, involving trophoblast, stroma, 
and endothelia. Recent lesions may show a striking ex- 
cess of syncytial knotting and early necrosis of the tro- 
phoblast. Villous stromal hemorrhage, a marker of pla- 
cental hypoxia,” may be seen in early lesions. Chronic 
lesions will show an already established villous necrosis 
and the presence of “ghost vill.” These “ghost villi” 
appear as pale pink eosinophilic bodies with complete 
loss of all nuclear detail. These lesions are probably at 
least 7 days old. 

Intervillous thrombosis. Microscopically, thromboses 
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are often very bland lesions, consisting of variable com- 
binations of sheets of erythrocytes and bands of or- 
ganized fibrin. The proportions of erythrocytes and 
fibrin will vary with the age of the lesion. Acute lesions 
appear as sheets of erythrocytes apparently pushing 
villi aside and distorting the normal architecture of the 
intervillous space. Chronic lesions show uniform eosin- 
ophilic bands of fibrin. Occasionally, chronic villitis may 
be seen at or near a thrombus. In this situation, one 
may ask whether the chronic inflammation and villous 
damage were the stimuli of local coagulation. Hem- 
orrhagic endovasculitis may also be seen in villi nearby 
or at the edge of a thrombus. 

Chronic villitis. Chronic villitis is defined as a chronic 
inflammatory infiltrate of the placental villi composed 
of plasma cells, lymphocytes, and histiocytes or mac- 
rophages. It is unknown if the villous infiltrate is of 
maternal origin, fetal origin, or a mixed response. 
Known congenital TORCH infections (toxoplasmosis, 
rubella, cytomegalovirus, herpes simplex) are charac- 
teristically associated with chronic villositis,® while cer- 
tain histologic features have been proposed to be “pa- 
thognomonic” of certain viral entitities.” Viruses are 
rarely isolated from such placentas. The presence of 
extensive vascular damage, together with stromal he- 
mosiderosis and calcification, suggests cytomegalovirus, 
while a massive proliferation of placental Hofbauer 
cells may be more likely to be associated with congenital 
syphilis.” It has been recently suggested that chronic 
villitis is also associated with maternal immunopath- 
ologic states.** °° Chronic villitis with dense chronic in- 
tervillositis may be associated with recurrent poor preg- 
nancy outcome” and with absent maternal antipaternal 
blocking factors. Clinical information regarding parity, 
intercurrent diseases, and past pregnancy outcome are 
of paramount importance to the appropriate interpre- 
tation of this lesion. 

The means by which chronic villitis is associated with 
intrauterine growth retardation has been proposed to 
be secondary to viral impairment of fetal cellular di- 
visions leading to decreased cell number and a smaller 
neonate.” This has been used to explain the lack of 
correlation between the degree of placental compro- 
mise (amount of villi inflamed) and the degree of fetal 
compromise. We have demonstrated an association be- 
tween increased frequency of chronic villitis and de- 
creased ponderal indices in a series of growth-retarded 
infants delivered at term. In the same study primiparity 
and chronic villitis were related, independently of birth 
weight. Low ponderal index indicates a late onset of 
intrauterine deprivation. To explain these relationships 
we must propose that there is a predisposition to third- 
trimester viral infection among primiparous women or 
that chronic villitis may indicate the presence of a ma- 
ternal inflammatory-immunologic response to the fetal 
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allograft. This inflammatory-immunologic response 
may lead to fetal compromise by alterations in placental 
function. The possible role of placental macrophages 
in these important placental functions is currently un- 
der investigation in our laboratory. 

A sparse chronic villitis involving only occasional an- 
choring villi is frequently seen in placentas from un- 
complicated term deliveries. We have seen the presence 
of a dense infiltrate, possibly including plasma cells, 
involving many if not all of the anchoring villi in pre- 
eclampsia, idiopathic recurrent abruptio placentae, in- 
trauterine growth retardation, and preterm delivery. 
The pattern of spread, from maternal to contiguous 
fetal tissues, strongly suggests an underlying abnor- 
mality in the maternal immunologic adaptation to preg- 
nancy. When villi that are distant from the maternal 
surface are predominantly involved, one may suspect 
a hematogenous dissemination of infection, such as 
congenital viral infection. 

We describe the relative volume of affected villi and 
the distribution of affected villi by using a six-point 
system. Grade 1 applies to a solitary focus of villitis on 
any one of the four samples routinely examined. Grade 
2 describes two foci of villitis on the same slide or dif- 
ferent slides. Grade 3 describes multiple foci on at least 
two different slides. Higher grades (up to six) are as- 
signed on the basis of subjective assessment of percent 
of involved villi. In normal term placentas the rate of 
chronic villositis will be approximately 15%. More than 
90% will be grade 1 or grade 2. In uncomplicated term 
deliveries we have rarely found more severe grades of 
villitis (grade 3 or 4). 

Hemorrhagic endovasculitis. Sander et al.” first coined 
the term hemorrhagic endovasculitis to describe a lesion 
observed in cases of unexplained poor pregnancy out- 
come referred to the Michigan Placental Tissue Reg- 
istry. This lesion may affect any or all levels of the 
placental circulation from chorionic vessels and fetal 
stem vessels to the capillaries of the terminal villi. In 
the larger vessels it typically appears as a vasoocclusive 
process with endothelial damage, fibroblast prolifera- 
tion with scalloping of the vessel outline, erythrocyte 
fragmentation, and bleeding within the vessel wall and 
in the villous stroma. At the capillary level only eryth- 
rocyte fragmentation and vascular damage are present. 
Hemorrhagic endovasculitis was originally suggested to 
be of immunologic origin. However, some investigators 
believed that the lesion is secondary to hemodynamic 
instability within the placenta, as a result of association 
of this lesion with placental infarction.” Our investi- 
gations have also shown an association of hemorrhagic 
endovasculitis with placental infarction, chronic villitis, 
and placental intravascular thrombi. It is most com- 
monly seen in preeclampsia, stillbirth, and intrauterine 
growth retardation. We would therefore support the 
interpretation of hemorrhagic endovasculitis as a lesion 
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most frequently resulting from abnormal placental 
blood flow. 

Placental intravascular thrombi. In the past we rarely 
observed thrombi within placental chorionic or stem 
vessels (intravascular thrombi). When placental intra- 
vascular thrombi were present, they most often were 
coincident with severe intraamniotic infection or with 
chroinic villitis. However, in 1989, approximately 10% 
of placentas examined in our laboratory demonstrated 
bland mural thrombi in placental vessels. These obser- 
vations were more frequent in placentas coming from 
mothers who use cocaine and/or “crack” cocaine. Co- 
caine causes an intense vasospasm that results in en- 
dothelial damage, platelet aggregation, and thrombus 
formation.” Woods et al. have shown that fetal vessels 
are very sensitive to the vasoactive effects of cocaine 
(Woods JR, Plessinger MA, Dolkart L. Effect of cocaine 
upon fetal umbilical blood flow and placental vascular 
resistance [Abstract]. In: Proceedings of the Rochester 
Trophoblast Conference with the European Placenta 
Group, Rolduc, The Netherlands, September 1988). 
Chasnoff et al.” observed neurologic compromise in 
infants of mothers who ceased cocaine use during preg- 
nancy. It is possible that cocaine can generate venous 
thrombi in the placenta, predisposing to a situation of 
chronic thromboembolism, which could chronically 
damage the fetal central nervous system. These pos- 
sibilities deserve further investigation. 

Trophoblast degenerative knots. In degenerative knots 
the syncytial nuclei are dark blue-black and pyknotic. 
Fox* has studied the formation of such knots in vitro, 
and has shown that they develop as early as 24 hours 
after culture in a low oxygen tension environment. 
From the clinical point of view these lesions are dif- 
fusely increased in situations of chronic uterine vas- 
cular insufficiency (e.g., hypertensive diseases of preg- 
nancy) and focally increased in acute abruptio pla- 
centae. 

Perwvillous fibrin deposition and fibrinoid necrosis. These 
are discussed together as they appear somewhat similar 
histologically and may coexist in the same placentas. 
Microscopically, in perivillous fibrin deposition, eosin- 
ophilic fibrin coats the surfaces of villi, often matting 
them together. The villi themselves remain viable, al- 
though there may be necrosis of syncytiotrophoblast. 
Fibrinoid necrosis is an acellular mass of dense eosin- ` 
ophilic material that often appears as a lump on the 
trophoblast basement membrane and is covered com- 
pletely or partially by syncytiotrophoblast epithelium. 
As the mass expands, adjacent villi may become matted 
to the lesion. As a final process it is thought to replace 
the villous stroma. Clinically, both these processes are 
seen more frequently and more extensively in term or 
postterm placentas. Excess perivillous fibrin deposition 
may be seen in preterm placentas in association with 
severe intraamniotic-infection. Intrauterine infection 
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may compromise the fetus in many ways besides the 
risks of sepsis. We have observed alterations in fetal 
heart rate, biophysical profile, and umbilical blood flow 
in association with intraamniotic infection. If infection 
leads to direct villous damage, nutrient transfer and 
gas exchange may be impaired. 

Erythroblastosis and villous edema. In the adult 24 to 48 
hours is required for the bone marrow to respond to 
hematopoietic stress by production of nucleated eryth- 
rocytes.” The presence of excess nucleated erythro- 
cytes in placental circulation suggests a duration of 
stress for a mmimum of 24 hours. We have observed 
excess nucleated erythrocytes only in the presence of 
placental histclogic features that are more suggestive 
of chronic rather than acute insults. Intrauterine 
growth retardation and preeclampsia are examples of 
chronic processes that are often associated with excess 
production of nucleated erythrocytes.” In stillbirths the 
presence of nucleated erythrocytes suggests a more 
chronic stress and would speak against an acute intra- 
partum event as being the cause of the fetal damage. 

An excess of nucleated erythrocytes in the placental 
circulation generally accompanies both immune and 
nonimmune Lydrops, since both involve decreased tis- 
sue oxygen delivery and increased bone marrow 
activity. The excess release of immature nucleated 
erythrocytes from the marrow may be a response to 
accelerated erythrocyte destruction, as in Rh isoim- 
munization, or to bone marrow effects, as in congenital 
parvovirus infections.” 

Erythroblastosis and villous edema are discussed to- 
gether because they frequently coincide in diseases such 
as immune and nonimmune hydrops. In these situa- 
tions the villous swelling mirrors the diffuse fetal 
edema. Fetoplacental edema has been associated with 
decreased red blood cell mass and decreased hepatic 
production cf proteins leading to decreased intravas- 
cular oncotic pressure.* 

Villous edema may be observed in several situations 
besides hydrops fetalis. Naeye et al.“ reported the as- 
sociation of villous edema with acute intraamniotic in- 
fection. They suggested that villous swelling might re- 
sult in decreased oxygen delivery to the fetus and fetal 
distress. We suggest that villous edema may be the result 
of inflamma:zory cytokines in the intervillous space, al- 
tering trophoblast and capillary permeability. It is pos- 
sible that ditferent bacteria may have different capac- 
ities to gererate inflammatory cytokines and pro- 
stanoids (e.z., endotoxin-producing Escherichia colt). 
Further studies of the roles of inflammatory mediators 
in villous damage are necessary. 


Acute and chronic fetal insults: The role of 

placental pathologic examination 

The pathologist is trained to ask two questions: 
“Where is the lesion?” and “How long has it been 
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there?” From the medicolegal point of view it is fre- 
quently assumed that the lesion was caused to a pre- 
viously intact fetus during the course of labor and de- 
livery. However, the fallacy of this reasoning is only 
beginning to become clear to the medical community. 
We must communicate this information to our patients. 
For better or worse the American society is one with 
high expectations, and a perfect baby is certainly among 
them. We value “fair play” and “justice.” When the 
unexpected happens, American society looks for some- 
one to be held accountable, because to have a damaged 
baby somehow “isn’t fair.” We certainly agree with this 
but suggest that the only way to prevent fetal and neo- 
natal damage is to better understand the causes of such 
damage. Mann‘? has states that “At least half, if not 
more, of all brain-damaged children have no scientif- 
ically or clinically based explanation for their problem.” 
Not more than 10% of severe mental retardation is 
considered to be attributable to perinatal causes.“ 

Clearly, the search in the intrapartum period for the 
roots of every case of neurologic damage is not re- 
warding. This attitude toward the significance of in- 
trapartum events and management stemmed in part 
from the belief that the intrauterine environment was 
the perfect nurturant environment for the duration of 
gestation, buffering the fetus from all hazards and 
stresses. Only on departure from this “nirvana” could 
the fetus be damaged. However, as the methods of 
antepartum fetal surveillance become more sensitive, it 
is becoming more evident that this is untrue. Bejar 
et al. have described antepartum cerebral infarction 
linked to intraamniotic infection. It is recognized that 
clinical chorioamnionitis is a late stage in the process. 
The majority of cases of histologically evident intraam- 
niotic infection, with umbilical vasculitis used as a 
marker, are clinically silent. Chasnoff et al.” linked ma- 
ternal cocaine use to cerebral infarction. Their work” 
also suggests that cocaine use in early pregnancy may 
have lasting effects on the developing fetal central ner- 
vous system. In addition, we have observed the pres- 
ence of placenta] thrombi in association with maternal 
cocaine use, which may possibly cause neurologic dam- 
age by acting as a source of thromboemboli. While it 
is recognized that congenital viral infection is associated 
with many forms of neurologic damage, most maternal 
infections are clinically silent. Therefore it is not sur- 
prising that in the overwhelming majority of cases of 
chronic villitis no antecedent maternal illness can be 
documented. These cases will be detected only where 
placental examination is routinely performed. It is a 
clinical truth that there are cases of preeclampsia in 
which maternal disease is severe and the fetus and pla- 
centa are normal and also cases of intrauterine fetal 
death associated with what clinically seems to be mild 
preeclampsia. 

Robertson et al.** have confirmed that the uterine 
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vascular. anatomy of preeclampsia may occur in the 
absence of maternal signs and symptoms. We have also 
observed similarities in placental pathologic conditions 
between idiopathic intrauterine growth retardation and 
intrauterine growth retardation associated with pre- 
eclampsia. It may be that idiopathic intrauterine growth 
retardation is one form of preeclampsia that specifically 
targets the fetoplacental unit, sparing other maternal 
organ systems. We propose that processes linked to 
long-term compromise of neurologic function are usu- 
ally clinically silent. These processes are more likely to 
be detected in routine gross and microscopic exami- 
nation of the placenta. 

The duration of fetal compromise is very important 
in regard to the likelihood of long-term neurologic 
damage. Myers’ work“ has shown that short exposure 
to complete asphyxia will most likely result in no long- 
term neurologic sequelae, while prolonged partial as- 
phyxia will most frequently result in neurologic damage 
in a histologic distribution consistent with that observed 
in human cases of cerebral palsy. Clapp et al.” have 
shown cerebral damage and intermittent interference 
with the umbilical circulation. An understanding of the 
relative time-frame associated with the different pla- 
cental processes is helpful. Acute ascending infection 
is generally a short-term process. In the presence of 
acute ascending infection the mother will go into labor 
soon or will become clinically infected, and the infant 
will be delivered. The life span of the adult polymor- 
phonuclear leukocyte is approximately 2 to 3 days in 
tissue culture.“ If fragmentation of polymorphonu- 
clear leukocytes is present, one may suggest that the 
inflammatory event was initiated at least 2 days before 
delivery. Infiltrates with numerous or degenerating 
polymorphonuclear leukocytes will likely represent 
even longer durations and/or severity of inflammation. 
Trophoblast degenerative knots may develop as quickly 
as 24 hours after in vitro exposure to lowered oxygen 
tension. However, trophoblast knots are also common 
in situations of chronic uterine vascular insufficiency, 
such as preeclampsia. Trophoblast knots that develop 
as a response to an acute stimulus will be associated 
with normal-appearing villi. Trophoblast knots ap- 
pearing as part of a more chronic process will have 
abnormal villous structure, including fibrosis and hy- 
povascularity. Infarctions with loss of nuclear detail will 
likely be >7 days old. The “age” of chronic villitis may 
be a more complicated issue. The premature placenta, 
with its functionally immature macrophages, may be 
less capable of demonstrating a cellular infiltrate than 
a term placenta. Small foci of villitis in a preterm pla- 
centa may represent a significantly more severe and 
protracted inflammation than in a term placenta. We 
must also consider the possibility that inflammation 
may present in a different fashion in the very immature 
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placenta. In the very immature placenta a cellular in- 
filtrate may not develop. Instead, edema, a cardinal sign 
of inflammation, may be the only histologic evidence 
of inflammation. Therefore the gestational age of the 
placenta is critical to interpreting the presence of 
chronic inflammation. 

Table III summarizes the approximate timing of the 
most common placental lesions. The relevance of these 
concerns to medicolegal issues is obvious. If a process 
capable of damaging the fetus can “more likely than 
not” be said to predate a patient’s coming to the labor 
and delivery suite, the role of intrapartum obstetric care 
in the genesis of neurologic damage should be in serous 
doubt. 


The need for placental pathologic examinations 
in all pregnancies 


At present there is no cure for neurologic damage 
except the early detection of infants at risk for long- 
term compromise, permitting early intervention with 
remedial programs to optimize neurologic develop- 
ment. Examination of the placenta may provide the 
only source of evidence that such risk factors exist in 
a clinically “normal” pregnancy. Many investigations 
suggest that the consideration of placental lesions will 
provide information that is useful to both parents and 
pediatricians. Chronic villitis, for example, is associated 
with growth retardation in idiopathic preterm deliv- 
eries but not in preterm preeclampsia. Chronic villitis 
has been linked to congenital viral infection” but also 
has been suggested to reflect maternal-fetal immuno- 
pathologic conditions.” We have observed a signifi- 
cant increase in chronic villitis among primiparous 
women, independent of other maternal factors (Salafia 
CM, Vintzileos AM, Silberman L. Placental pathology 
of idiopathic intrauterine growth retardation at term. 
To be published, 1990). The venous or arterial nature 
of placental thrombi, the presence or absence of in- 
traamniotic infection, and all relevant clinical data must 
be considered together to assess the risk to the infant. 
Children and parents deserve better than a situation 
where “At least half if not more of children with neu- 
rologic damage have no scientifically or clinically based 
explanation for their problem.”” Feelings of frustra- 
tion and helplessness naturally accompany the loss of 
parents’ dreams for their offspring when death or neu- 
rologic compromise of their child occurs. Parents will 
look for a “reason” for the unexpected bad outcome 
and, failing to find one, they will turn on themselves 
(“What did I do wrong?”) or their care-givers (“What 
did my obstetrician do wrong?”). In many of these cases 
examination of the placenta is the only avenue to detect 
the clinically silent, and often untreatable, culprit. 
Table IV summarizes the possible causes of the most 
common placental lesions. Moreover, if the clinically 
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Table HI. Approximate timing of placental lesions 





Acute inflammation 


Amnion nodosum 
Meconium histiocytosis 


Infarction 

Abruptio placentae 
Intervillous thrombosis 
Chronic villitis 


Placental intravascular thrombi 
Maternal floor infarction 


Table IV. Possible causes of placental lesions 





Acute inflammation 


Infarction, intervillous thrombosis 
Abruptio placentae 


Maternal floor infarction 
Chronic villitis 


Hemorrhagic endovasculitis 


Erythroblastosis and edema 


Placental intravascular thrombi 


Meconium histiocytosis 


Amnion nodosum 


Timing depends on depth of leukocyte migration (across 
membranes and chorionic plate) and severity of stimu- 
lus (type of organism and size of inoculum). May also 
vary with host response. If no degenerated leukocytes 
are present, stimulus likely to be present <48 hr. Pres- 
ence and extent of leukocyte degeneration imply lon- 
ger duration 

At least 1 wk of severe oligohydramnios 

At least 1 to 6 hr exposure to meconium. Deeper diffu- 
sion (into chorion) implies longer duration 

If no nuclear detail, at least 1 wk old. In lesions with nu- 
clear detail (<1 wk old) degree of trophoblast and 
stromal preservation implies a greater or lesser age 

Dated by adjacent villous changes (see Infarction above) 

Age varies with maternal and fetal blood types, volumeé 
of clot, and regional flow characteristics 

Days to months 

Days to months 

Weeks to months 


Acute ascending chorion-decidua, amnion, infection of vaginal chori- 
onic plate, chorionic vessel; organisms such as umbilical cord bacte- 
ria, yeast, mycoplasma (rarely the result of hematogenous spread of 
maternal sepsis, e.g., listeriosis, streptococcus) 

Decidual vasculopathy (related to preeclampsia or preexisting maternal 
medical disease), maternal cocaine use, May occur near margins of 
normal placentas _ 

Decidual vasculopathy (related to preeclampsia or preexisting maternal 
medical disease), maternal cocaine use. More frequent in acute in- 
flammation 

? Maternal-fetal immunopathologic condition, may be recurrent 

Congenital infection (e.g., TORCH). Maternal-fetal immunopathologic 
condition, especially with history of recurrent poor pregnancy 
outcome 

Circulatory instability (e.g., preeclampsia, stillbirth). Often associated 
with other p'agental lesions (e.g., infarction, thrombosis, chronic vil- 
litis) 

Immune and “nonimmune ' hydrops, congenital viral infection, acute 
inflammation. Erythroblastosis may be’seen in intrauterine growth 
retardation, preeclampsia, or antiphospholipid antibody disease with 
massive placental infarction 

Associated with other placental lesions (infarction, chronic villitis 
hemorrhagic endovasculitis). Possible association with maternal co- 

caine use 

Significance varies with gestational age. At term may be insignificant. 
May be seen with fetal distress 

Chronic decrease in amniotic fuid volume 


silent problem detected by placental examination is 
treatable, subsequent pregnancy outcome may be ‘1m- 
proved. On the basis cf placental gross and/or micro- 
scopic findings, we have suggested that there are certain 
conditions that are well treatable but all have a high 
risk of recurrent poor outcome if not treated. These 
conditions include abnormal immunity to group B 
streptococcus, presence of maternal antiphospholipid 
antibody, lack of antipaternal blocking factors, and de- 
cidual vasculitis with positive antinuclear antibodies in 
the absence of clinical lupus erythematosus. Several of 
these patients have subsequently had their first uncom- 


plicated pregnancy after treatment and appropriate 
surveillance. Since most long-term neurologic compro- 
mise will not be detectable until after 1 year of age, 
routine examination of all placentas would appear to 
be the only way to consistently provide these vital data. 


Cost-effectiveness of routine placental 
pathologic examination 


Defense lawyers and insurance companies have rec- 
ognized the potential value of placental examination in 
medicolegal cases. Some investigators have suggested 
that sections from all placentas should be saved or that 
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paraffin blocks be prepared but slides not be cut or 
examined until the information is needed. We feel that 
this 1s a failure to see the broad implications of placental 
pathologic examination. Space in most hospitals is at a 


premium, and significant space is required to store’pla- ° 


centas or even placental blocks. How long should a 


placenta be saved? A healthy infant at birth or at hos- . 


pital discharge at 3 days of age does not guarantee a 
healthy, intact child. Many forms of neurologic com- 
promise resulting from antepartum fetal insults may 
not manifest themselves until months after birth. 

In many states that average award for medical neg- 
ligence in cases of cerebral palsy is $5 to $6 million and 
the average settlement award is $1.5 million. The costs 
of placental examination in Connecticut average $225. 
The busy obstetricians delivers approximately 300 in- 
fants a year. Over 30 years of practice, he/she will de- 
liver approximately 9000 inzants. The total cost gen- 
erated by routine examination of all these placentas 
would be approximately $2 million. This generated cost 
is much less than the average award for medical mal- 
practice of $5 to $6 million and worthwhile to avoid 
one case of alleged medical malpractice. We feel that 
placental examination should occur at delivery and not 
after problems arise in the early years of life. We there- 
fore suggest that routine examination of the placenta 
should be as much a part of normal care in pregnancy 
as the assignment of Apgar scores. 


Comment i 


In cases of poor neonatal outcome, examinatión of 
the placenta may not only identify the exact cause but 
also give an indication of the time-frame characteristics 
of the insult. This information will lead to clearer un- 
derstanding of the origin of the abnormal neurologic 
outcome (e.g., infectious or decidual vascular) and also 
to appropriate determination of medicolegal respon- 
sibilities for the poor outcome. The benefits of placental 
examiriation in cases of poor neonatal outcome are well 
recognized in the literature. 

It is our opinion that the significant benefits of rou- 
tine placental examination for all deliveries have not 
been recognized. Routine placental examination is the 
only tool that we can possibly use to better understand 
causes of intrauterine neurologic insult. Without this 
understanding we cannot develop methods to prevent 
or treat those clinically silent intrauterine processes. It 
is time that the medical community starts thinking 
about effective screening methods to permit early iden- 
tification of the 80% of neurologically damaged chil- 
dren who have no history of peripartum distress. At 
the same time this approach will figure prominently in 
medicolegal defense. 
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Role of vasopressin in mediation of fetal cardiovascular 


responses to acute hypoxia 


Kathleen M. Piacquadio, MD, Robert A. Brace, PhD, and Cecilia Y. Cheung, PhD 


La Jolla, California 


The present study was designed to test the hypothesis that arginine vasopressin mediates the fetal 
cardiovascular response to acute hypoxia. Chronically catheterized sh2ep fetuses at 126 to 138 days’ 
gestation were infused with either an arginine vasopressin pressor antagonist (n = 8) or saline solution as 
control (n = 8). A 30-minute hypoxia was induced by infusion of nitrogen containing 5% carbon dioxide 
into the maternal trachea. Fetal arterial Po, decreased 13.1 + 1.3 (SEI mm Hg from a basal value of 

23.8 + 1.5 mm Hg and there was no significant difference in the degree of hypoxia between the two 
groups. Fetal arterial and venous pressures increased significantly, whereas the blood volume decreased, 
but these changes were similar between.the control and arginine vaso>ressin—blocked fetuses. Heart rate 
fell similarly in both groups during hypoxia by an average of 35 beats/min. At the termination of hypoxia, 
heart rate in the blocked group rebounded to levels significantly above baseline and remained elevated for 
30 minutes, whereas heart rate in the control group returned slowly to asal values. Recovery of arterial 
pressure, venous pressure, and blood volume were similar in the two croups. Thus it appears that arginine 
vasopressin may mediate in part the fetal heart rate response to acute hypoxia. However, the blood 
volume, arterial pressure, and venous pressure responses to hypoxia ppear to be induced by factors 
other than arginine vasopressin. (AM J OssteT GYNECOL 1990;163:1294-300.) 


Key words: Fetus, heart rate, arterial pressure, venous pressure, blood volume, arginine 


vasopressin 


Moderate to severe acute hypoxia in the ovine fetus 
is associated -with increases in arterial and venous 
pressures but decreases in heart rate and blood 
volume:'* These cardiovascular changes have been 
shown to'be mediated at least in part by circulating 
catecholamines.**? However, after a-adrenergic plus p- 
adrenergic receptor blockade in the fetal sheep, the rise 
in vascular pressures during hypoxia is attenuated and 
delayed but not abolished, suggesting that in addition 
to the catecholamines other factors may be responsible 
for the mediation of the cardiovascular changes in re- 
sponse to hypoxia. In view of the fact that large in- 
creases in fetal plasma arginine vasopressin concentra- 
tions occur during severe hypoxia* ` and that arginine 
vasopressin is a potent vasoconstrictor that, when in- 
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fused into the fetus, produced arterial and venous hy- 
pertension and bradycardia,’*™ it.is possible that ar- 
gimine vasopressin may mediate some of the cardio- 
va:cular responses to hypoxia in the fetus. Previously 
we reported that in association with the hypertension 
ani bradycardia, fetal blood volume decreases during 
bo:h mild and severe hypoxia.'® This fall in blood vol- 
ume during mild hypoxia is mediated by the catechol- 
amines. However, during severe hypoxia the blood vol- 
ure changes can no longer be reversed by a-adrenergic 
plus B-adrenergic receptor blockade. Because fetal 
plasma arginine vasopressin levels increase during 
acute hypoxia when Po. falls below 17 mm Hg,’ '® 
arginine vasopressin could play a role in mediating the 
decrease in fetal blood volume during severe hypoxia. 
The present study was designed to test the hypothesis 
tha: the arterial and venous hypertension and brady- 
cardia that occur during acute severe hypoxia are me- 
dia:ed by arginine vasopressin. In addition, the possi- 
bily that arginine vasopressin may induce the fetal 
blood volume response to severe hypoxia was investi- 
gated, For these studies, the fetal cardiovascular V, re- 
cepzors were blocked by the use of the pressor antag- 
onizt d(CH,);—Tyr(Me) arginine vasopressin. (Penin- 
sule Laboratories, Belmont, Calif.) 
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Methods 


Animal preparations. Eleven time-dated pregnant 
ewes with singleton fetuses at an average gestational 
age of 131 + 1 (SE) days (Nebeker Ranch, Lancaster, 
Calif.) were used for the study. After anesthesia was 
induced with administration of halothane to the ewe, 
catheters were placed in the fetal tibial arteries and 
saphenous veins, and the tips were advanced to the level 
of the diaphragm to rest in the descending aorta and 
inferior vena cava, respectively.” Two additional cath- 
eters were placed in the amniotic cavity. An indwelling 
catheter was placed in the maternal femoral vein. 
All catheters were tunneled subcutaneously to a ny- 
lon pouch sewn to the flank of the ewe. A nonocclu- 
sive catheter was placed in the maternal trachea 
through a small midline incision in the neck.'* Prophy- 
lactic antibiotics, consisting of 800,000 U penicillin G 
plus dihydrostreptomycin, Pfizer, New York) intra- 
muscularly to the ewe and 1 gm ampicillin (Omnipen, 
Wyeth Laboratories, Inc., Philadelphia) into the am- 
niotic fluid, were administered on the first 5 postop- 
erative days and after each experimental session. Vas- 
cular catheters were flushed daily with heparin sodium 
solution (1000 U/ml). 

Experimental protocol and measurements. The first 
experiments were conducted at least 5 days after sur- 
gery when the gestational age of the fetuses was 
132 + 1 (SE) days. In five animals, a second experiment 
was performed 2 days after the first. The animals sub- 
jected to two experiments were randomly assigned to 
either the arginine vasopressin antagonist or control 
group for their first experiment and to the opposite 
group for their second experiment. The experimental 
protocol consisted of a 30-minute control period and 
a 30-minute period of hypoxia, followed by a 3-hour 
recovery period. Hypoxia was induced by the infusion 
of nitrogen containing 5% carbon dioxide into the tra- 
chea of the ewe while the ewe was freely breathing room 
air. In fetuses subjected to arginine vasopressin block- 
ade, the pressor antagonist d(CH,), — Tyr(Me) arginine 
vasopressin was administered intravenously as a 25 ug 
bolus in 3 ml 0.9% sodium chloride at the start of the 
experiment. This was followed by a continuous infusion 
of the arginine vasopressin analog at 1 wg/min (in 0.39 
ml/min of isotonic saline solution) for the duration of 
the experiment. Control fetuses received a 3 ml bolus 
of 0.9% sodium chloride followed by a continuous in- 
fusion of 0.9% sodium chloride at a similar rate. Pre- 
liminary studies were performed to ensure the effec- 
tiveness of blockade for the pressor effects of arginine 
vasopressin. With the same dose of the arginine vaso- 
pressin antagonist as in the present study, the increase 
in fetal arterial pressure in response to an intravenous 
30 ng bolus of arginine vasopressin was abolished. On 
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the other hand, when given alone the antagonist had 
no effect on arterial or venous pressures or heart rate. 

Fetal arterial pressure, venous pressure, heart rate, 
and amniotic fluid pressure were continuously moni- 
tored on a polygraph recorder and mean values were 
stored at 30-second intervals with an on-line computer 
as previously described.” Amniotic fluid pressure was 
used as the zero pressure reference for fetal vascular 
pressures. Fetal arterial blood (4 ml) was sampled at 
15-minute intervals for the first 2 hours of the exper- 
iment and at | hour intervals for the last 2 hours. The 
volume of each blood sample removed was replaced 
with an equivalent amount of maternal blood to prevent 
a sampling-induced decrease in hematocrit. Three mil- 
liliters of blood was placed in each chilled heparinized 
tube containing aprotinin (Trasylol, Sigma Chemical, 
St. Louis, Mo.) at 500 KIU/ml and then centrifuged. 
The plasma was stored at — 70° C until used for hor- 
mone concentration measurements. One milliliter of 
blood was used to measure blood gas and pH values 
(IL1302 blood gas analyzer at 39.5° C) as well as mi- 
crohematocrit in triplicate as previously described." ”° 
Blood volume as a fraction of that before the hypoxia 
was calculated as the mean hematocrit during the pre- 
hypoxic period divided by the hematocrit of each sam- 
ple. This method has been shown to be valid.’* In 
addition, because the hematocrit values during the con- 
trol period in the control and arginine vasopressin— 
blocked fetuses were similar (Table I), arginine vaso- 
pressin did not appear to have significant effects on 
hematocrit measurements. 

Radioimmunoassay. Plasma arginine vasopressin 
concentrations were determined by a double antibody 
radioimmunoassay procedure with antiserum gener- 
ously provided by Dr. Benjamin U (University of Cal- 
ifornia, San Diego, Calif.). The plasma samples were 
extracted with C18 microcolumns (Sep Pak, Waters As- 
sociates, Milford, Mass.) as described previously.” The 
extraction efficiency as determined by the addition of 
50 pg arginine vasopressin standard to 1 ml of plasma 
was 92.4% + 4.7%. The intraassay and interassay co- 
efficients of variation for the assay were 5.6% and 
16.0%, respectively. The minimum amount of arginine 
vasopressin detectable was 0.2 pg per tube. Arginine 
vasopressin measurements were not performed in the 
fetuses that received the antagonist because this com- 
pound cross-reacted 100% with the arginine vasopres- 
sin antiserum. 

Data analysis. ‘The data are expressed as the mean 
+ SE. A p value of <0.05 was considered statistically 
significant. Potential differences in mean values in the 
control and antagonist-treated fetuses during the con- 
trol period before hypoxia were analyzed with an un- 
paired Student é test. To determine whether there were 
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Table I. Control cardiovascular and arterial blood gas variables in ovine fetuses at 126 to 133 


days’ gestation 


Variable 


Arterial pressure (mm Hg) 
Venous pressure (mm Hg) 

Heart rate (beats/min) 

Oxygen tension (mm Hg) 
Carbon dioxide tension (mm Hg) 
pH 

Hematocrit (%) 

Plasma arginine vasopressin 


(pg/ml) 


Values are presented as mean + SE. 
*N = 8. 


Arginine vasopressin 


blocked* 

45.7 + 2.2 44.3 + 2.9 

4.2 + 0.2 4.1 + 0.6 

L734 167 + 8 

2i. + 1.2 24.5 + 1.3 

53.2 + 1.8 53.9 + 1.5 
7.33 + 0.0] 7.32 + 0.02 

33.4 + 2.9 30.9 + 1.5 

a + 0.8 f 


tArginine vasopressin concentrations were not measured in this group. 


statistically significant changes with time in one vari- 
able, a two-way analysis of variance for repeated mea- 
surements was used. To determine whether the 
changes with time in the control group were different 
from those in the arginine vasopressin—blocked group, 
a two-way analysis of variance for replication and re- 
peated measurements was used. The relationship be- 
tween two variables at a given time was analyzed with 
bivariate regression analysis methods. 


Results 


In ovine fetuses at 126 to 133 days’ gestation, mean 
vascular pressures, heart rate, blood gas values, and 
plasma arginine vasopressin concentration during the 
30-minute control period in the groups treated with 
arginine vasopressin antagonist and saline solution are 
shown in Table I. There were no significant differences 
in these variables between the two groups. These values 
are consistent with those obtained in our laboratory. 

The changes in fetal arterial blood gas and pH values 
during hypoxia in the arginine vasopressin—blocked 
and control fetuses are shown in Fig. 1. In the control 
fetuses, Po, decreased by 9.9+ 1.4 mm Hg to 
11.5 + 0.8 mm Hg in response to hypoxia, whereas in 
the arginine vasopressin—blocked fetuses, the Po, fell 
by 12.8 + 1.2 mm Hg to 11.8 + 0.8 mm Hg. Arterial 
Po, returned to basal levels immediately after the ter- 
mination of hypoxia. There was no significant differ- 
ence in the degree of hypoxia achieved in the two 
groups. During hypoxia the fetal arterial pH and Pco, 
changes were similar in the two groups (Fig. 1); arterial 
pH did not change, whereas Pco, fell significantly. Im- 
mediately after the hypoxic episode, pH decreased, 
whereas PCO, increased significantly but returned to 
baseline within 60 minutes. 

The changes in arterial pressure, venous pressure, 
and heart rate during hypoxia in the control and ar- 
ginine vasopressin—blocked fetuses are shown in Fig. 


2. Arterial pressure increased during hypoxia (p < 
0.8001) in the fetuses treated with saline solution, and 
these changes were not significantly altered by the ar- 
ginine vasopressin blockade. In both groups, arterial 
pressure decreased immediately after the hypoxia, fol- 
lowed by a secondary rise to levels above the control, 
and returned to baseline by the second hour of the 
recovery period. Venous pressure increased during 
hypoxia (p < 0.0001) and immediately returned to ba- 
sal levels after hypoxia. The venous pressure responses 
were not different in the two groups. 

During hypoxia, heart rate fell similarly in both 
grcups of fetuses by an average of 35 beats/min 
(p < 0.0001). In the immediate posthypoxic period, 
heart rate in the arginine vasopressin—blocked fetuses 
rapidly increased to levels significantly higher than 
baseline. Heart rate in the control fetuses remained 
depressed and gradually returned to basal levels at 30 
mirutes after hypoxia. These changes in fetal heart rate 
during the recovery period were different between the 
two groups (p < 0.01). 

Fetal blood volume during hypoxia decreased by 
8.0% + 1.0% and 10.8% + 1.3% in the control and 
arginine vasopressin—blocked groups, respectively 
(Fig. 3). There was no significant difference in the fall 
in blood volume between the two groups. With bivariate 
regression analysis, a significant (p < 0.006) linear re- 
lationship was found between the decrease in blood 
volume and the fall in Po, in the two groups at the end 
of hypoxia (Fig. 4). 

Fiz. 5 shows the increase in plasma arginine vaso- 
pressin concentrations in control fetuses during and 
after the hypoxic period. Plasma arginine vasopressin 
conc2ntrations increased from a mean basal value of 
4.8 = 0.8 pg/ml to 60.6 + 27.1 pg/ml at the end of 
the 30-minute hypoxic period (p < 0.001). Arginine 
vasopressin levels gradually returned to baseline within 
30 manutes after the end of hypoxia. 
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Fig. 1. Fetal arterial blood gas tension and pH changes 
(mean + SE) during control, hypoxic, and recovery periods 
in controls (open circles) and arginine vasopressin —blocked 
(closed ctreles) ovine fetuses. Data are expressed as change from 
mean control value during the first 30 minutes. Vertical dotted 
lines indicate beginning and end of hypoxia. 


Comment 


Previous studies showed that moderate to severe hyp- 
Oxia is a potent stimulus for release of arginine vaso- 
pressin into the fetal circulation and cerebrospinal 
fluid.* © In addition, intravenous infusions of exoge- 
nous arginine vasopressin into the ovine fetus increase 
arterial and venous pressures and decrease heart rate 
and blood volume.*'*"* These cardiovascular responses 
to exogenous arginine vasopressin are all directionally 
consistent with those induced by fetal hypoxia. In ad- 
dition, the increases in arterial and venous pressures 
and decreases in heart rate and blood volume during 
hypoxia coincide with the rise in plasma arginine va- 
sopressin concentration.” Thus it was reasonable to hy- 
pothesize that, in the fetus, arginine vasopressin was 
responsible in part for the rise in arterial and venous 
pressures and decrease in heart rate and blood volume 
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Fig. 2. Changes in fetal arterial pressure, venous pressure, 
and heart rate (mean + SE) during control, hypoxic, and 
recovery periods in control (open circles) and arginine 
vasopressin—blocked (closed circles) fetuses. Data are expressed 
as change from mean control value during the first 30 minutes. 
Vertical dotted lines represent beginning and end of hypoxia. 


that occur in response to hypoxia. However, we found 
that blockade of the pressor effects of arginine vaso- 
pressin did not significantly alter the increases in ar- 
terial and venous pressures during hypoxia. Thus it 
appears that factors other than arginine vasopressin are 
responsible for the vascular pressure changes during 
acute hypoxia in the fetus. Our findings appear to con- 
trast with a recent report of Perez et al.” who found 
that the hypertension during hypoxia in the sheep fetus 
was partially reversed when the same arginine vaso- 
pressin antagnoist as that used in our study was ad- 
ministered at the midpoint of the hypoxic period. How- 
ever, although no statistical analyses were performed, 
it can be seen in the data of Perez et al.” that, even 
though the blocker lowered arterial pressure when ad- 
ministered during hypoxia, at no time was arterial pres- 
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Fig. 3. Changes in blood volume (mean + SE) during severe hypoxia in control (open circles) and 
arginine vasopressin—blocked (closed circles) fetuses. Data are expressed as percentage of mean control 
during the first 30 minutes. Dotted vertical lines represent beginning and end of hypoxia. 
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Fig. 4. Correlation between changes in arterial Po, and blood volume in control (crosses) and arginine 
vasopressin —blocked (closed circles) ovine fetuses at end of hypoxic period (r = 0.653, p < 0.01). 
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Fig. 5. Arterial arginine vasopressin (AVP) concentration in picograms per milliliter over time in 
control fetuses. Vertical lines represent beginning and end of hypoxia. Data presented are mean + SE 
of log (base 10) transformed plasma arginine vasopressin concentrations. 


sure in the blocked fetuses significantly different from 
that in the control fetuses. Thus the contribution of 
arginine vasopressin to the fetal arterial hypertension 
during acute hypoxemia is subtle and difficult to detect 
if it does indeed occur. Alternatively, it is possible that 
under the situation when the arginine vasopressin sys- 
tem is blocked during hypoxia, other pressor systems 
are activated to compensate for the lack of arginine 
vasopressin effects in the restoration of cardiovascular 
function to normal. 

In addition to the arterial hypertension, an important 
component of the fetal cardiovascular response to acute 
severe hypoxia is venous hypertension. This study con- 
firms our previous observation” of an elevation in ve- 
nous pressure during hypoxia. Furthermore, this study 
shows that even if an arginine vasopressin blocker were 
present before the onset of hypoxia, the venous pres- 
sure response to hypoxia was not altered. Thus arginine 
vasopressin does not appear to be a primary mediator 
of the hypoxia-induced venous hypertension in the late 
gestation ovine fetus, even though exogenous argi- 
nine vasopressin at high doses elevates fetal venous 
pressure."* 

We and others* '*'* have shown that infusion of ar- 
ginine vasopressin into the ovine fetus results in brady- 
cardia. We speculated that the decrease in heart rate 


during hypoxia could be partially mediated by arginine 
vasopressin. However, because the decrease in heart 
rate during hypoxia was similar in both the control and 
arginine vasopressin—blocked fetuses, it appears that 
arginine vasopressin does not mediate the fetal heart 
rate changes during hypoxia. Subsequent to hypoxia 
we observed a tachycardia at the beginning of the re- 
covery period in fetuses treated with the antagonist, 
whereas heart rate remained suppressed in control fe- 
tuses at this time. Inasmuch as the arterial and venous 
pressure responses at this time were similar between 
the two groups, these findings suggest that fetal heart 
rate in the immediate posthypoxic period may be mod- 
ulated by a direct action of arginine vasopressin on 
heart rate, and this action is sensitive to blockade by 
the pressor antagonist. Alternatively, arginine vaso- 
pressin may alter fetal heart rate indirectly through 
interaction with other endocrine factors such as the 
catecholamines. Conclusions similar to ours were ob- 
tained from the study by Perez et al.* in which the fall 
in fetal heart rate during hypoxia was partially reversed 
by the arginine vasopressin antagonist. This conclusion 
is further supported by the present observation that 
the return of heart rate to basal levels in the control 
fetuses paralleled the return of plasma arginine vaso- 
pressin to basal concentrations. 


t 
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Hypoxia induced a decrease in fetal blood volume 
that most likely results from an increase in capillary 
pressure.” We have previously demonstrated that the 
catecholamines may mediate this fall in blood vol- 
ume only when the degree of hypoxia is mild.'° With 
moderate to severe hypoxia (fall in Pao, of >6 mm 
Hg), the blood volume changes can no longer be ac- 
counted for by the catecholamines, because combined 
a-adrenergic plus B-adrenergic receptor blockade does 
not alter the blood volume decrease during severe hyp- 
oxia.’° It has been suggested that acidosis may contrib- 
ute to the decrease in blood volume during hypoxia,” 
but the fall in blood volume precedes the decrease in 
blood pH." Because infusion of arginine vasopressin 
into the ovine fetus decreases blood volume” and 
plasma arginine vasopressin concentrations increase 
during hypoxia when fetal Pao, falls below 17 mm 
Hg,’ '° it was reasonable to speculate that the fall in 
fetal blood volume during severe hypoxia may be at- 
tributable to the rise in plasma arginine vasopressin 
concentrations. However, in the present study the fall 
in fetal blood volume was similar between the control 
and arginine vasopressin antagonist—treated groups, 
thus eliminating the possibility that arginine vasopres- 
sin might mediate this change in blood volume. In sup- 
port of this finding was the fact that the increase in 
venous pressure in these fetuses was not altered by 
treatment with arginine vasopressin antagonist. In 
other words, with similar increases in venous and ar- 
terial pressures, it is not surprising to find similar 
changes in blood volume because the changes in cap- 
illary pressure are most likely similar. 

In summary, circulating arginine vasopressin in the 
ovine fetus does not appear to mediate the arterial or 
venous hypertension or the hypovolemia induced dur- 
ing acute hypoxia. However, arginine vasopressin. ap- 
pears to mediate part of the posthypoxic bradycardia 
that occurs in these fetuses. 
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Autologous antibodies eluted from membrane fragments in 
human ovarian epithelial neoplastic effusions 


IJI. Cytotoxic potential in vitro and characterization of antigen(s) 


William H. Kutteh, MD, PhD, Vicki V. Baker, MD,* and George J. Doellgast, PhD? 


Birmingham, Alabama, and Winston-Salem, North Carolina 


Cyst and ascites fluids from patients with ovarian epithelial neoplasms contain immunoglobulins with 
antitumor activity. Autologous antibodies bound to the cellular membrane fragments obtained from human 
ovarian neoplastic effusions react with cell-surface antigens on different human ovarian cell lines, surgical 
specimens of human ovarian adenocarcinoma, and human ovarian tumors grown in athymic Balb/c mice. 
The antibodies do not react with tissue preparations from normal human ovaries, other nonovarian normal 
or neoplastic tissues, and nonovarian human cell lines. These studies indicate that these antibodies are 
capable of complement-mediated lysis of human ovarian tumor cell lines in vitro. Preliminary 
characterization of the autologous ovarian tumor-associated antigen(s) indicates that it may be composed 
of three large-molecular-weight proteins of 182,000, 164,000, and 122,000 d. (Am J OBSTET GyNecoL 


1990;163:1301-6). 


Key words: Ovarian cancer, tumor-associated antigens, tumor immunology, autologous 


antibodies 


Ovarian carcinoma is the fifth leading cause of cancer 
death in women and the leading cause of death from 
gynecologic malignancies. More than 12,000 women 
die annually from this type of cancer.’ Despite extensive 
use of operation, radiotherapy, and chemotherapy, the 
age-adjusted cancer death rate for cancer of the ovary 
has demonstrated a gradual increase from four deaths 
per 100,000 female population in 1930 to the present 


rate of 10 deaths per 100,000 female population.’ The - 


deep location of the organ and the lack of early symp- 
toms make the diagnosis of ovarian cancer difficult; two 
thirds of the cases are not diagnosed until regional or 
distant metastases have occurred.’ The most effective 
therapeutic courses against cancer of the ovary can pro- 
vide only palliation with uncertain prolongation of life. 

The most effective means of increasing survival rate 
is through early diagnosis of patients with ovarian can- 
cer; thus many research efforts are currently under way 
to devise such detection methods. The majority of these 
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efforts focus on the identification of tumor-associated 
or tumor-specific antigens as demonstrated by Gall 
et al.’ Cells undergo changes that often result in the 
expression of new or altered cell products and cell- 
surface components as a consequence of transforma- 
tion to the neoplastic state. Current evidence suggests 
that several classes of tumor-associated substances exist: 
those that are unique to a given tumor, those that are 
common to all tumors of a given histopathologic type, 
those that are associated with a given organ or tissue, 
those that may represent embryonic or transplantation- 
like antigens, as well as those that are ubiquitous in 
normal allogenic and xenogeneic cells.* * 

The autologous antibodies isolated from human 
ovarian membrane fragments in this laboratory have a 
high degree of specificity fot ovarian tumors but do 
not bind to normal ovarian or nonovarian tissues, or 
to nonovarian neoplastic tissues. These antibodies dif- 
fer significantly from those described by other inves- 
tigators who have produced heterologous polyclonal 
and monoclonal antibodies to ovarian tumor antigens 
such as OTA, OVC, IOTA,’ OvTAA,® OCA} OCAA 
and others,’® NB-70K," and OC 125.” This laboratory 
has demonstrated that patients with ovarian neoplasms 
are capable of initiating a specific immune response 
characterized by antibodies that recognize autologous 
ovarian tumor-associated antigen(s).’* In this study, 
human ovarian tumor cell lines have been used as a 
source for the characterization of cell-surface antigens 
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Table I. Membrane-bound immunoglobulin preparations 


Initial volume 
Source Pathologic diagnosis (ml) IgG (ng/ml*) 


October 1990 
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Sample 

T.E.B. Ovary Adenocarcinoma 4200 850 
J.B.S. Ovary Serous cystadenocarcinoma 8000 773 
E.M.D. Ovary Papillary adenocarcinoma 200 500 
V.LF. Ovary Serous cystadenocarcinoma 250 400 
W.M.J. Colon Crohn’s disease 1500 600 


*Amounts of membrane-bound IgG were determined by enzyme-linked immunoassay as described previously." (Table modified 
from Kutteh WH, Welander CE, Doellgast GJ. JNCI 1986;76:797-804.) ` 


reactive with membrane-eluted antibodies. These stud- 
ies extend our previous reports by demonstrating that 
autologous antibodies eluted from membrane frag- 
ments of human ovarian neoplasms are capable of 
cytotoxicity against human ovarian cancer cell lines 
in vitro. 


Material and methods 


Preparation of membrane eluted antibodies. The 
detailed methods for preparation, purification, and 
specificity testing of ovarian membrane-eluted antibod- 
ies have been described.'* '° 

Tissues and cells. Human use approval was granted 
through the Institutional Review Board for the collec- 
tion and use of human tissue. Effusions from human 
ovarian epithelial neoplasms (T.E.B., ].B.S., E.M.D., 
and V.I.F.) and pleural fluid from a patient with 
Crohn’s disease (W:M.J.) were obtained from the Pa- 
thology Services at the Bowman Gray School of Med- 
icine (Table I). Human cell line No. 2774, derived from 
an ovarian serous cystadenocarcinoma, was provided 
by Phillip DiSaia, MD (University of California, Irvine, 
Orange, Calif.). Cell line No. 7315, also derived from 
an ovarian serous cystadenocarcinoma, was established 
at Bowman Gray School of Medicine." Normal human 
tissues were obtained from the Tissue Procurement 
Service, Comprehensive Cancer Center (University of 
Alabama at Birmingham, Birmingham, Ala.). Human 
cell lines were maintained in culture in RPMI 1640 
(Gibco, Grand Island, N.Y.) supplemented with 10% 
fetal calf. serum, penicillin (0.1 mg/ml), streptomycin 
(100 U/ml), and 2.0 mmol/L L-glutamine (Gibco) at 
37° C in an atmosphere of 95% air and 5% oxygen. 
Peripheral blood lymphocytes used as control cells in 
the cytotoxicity assay (described below) were prepared 
from whole blood.'® | 

Immunofluorescence. Two preparations of autolo- 
gous ovarian membrane-eluted antibodies (T.E.B. and 
}.B.S.) were tested against a panel of human tumor cell 
lines, fresh human tumor tissue, and fresh normal hu- 
man tissue by indirect immunofluorescence. Names of 

each cell line and tissue tested have been previously 
listed.“ Adherent cells were removed from tissue cul- 
ture flasks with 0.25% trypsin for 5 minutes, washed 
three times in phosphate-buffered saline solution that 


contained 1% bovine serum albumin and 0.03% sodium 
azide, and adjusted to a concentration of 1 x 10 
cells/ml. Equal volumes of membrane-eluted antibod- 
ies, immunoglobulin G (IgG) from normal serum, or 
buffered saline solution were incubated with washed 
cells for 45 minutes at 22° C. Cells were washed 
twice and then incubated with the fluorescein-labeled 
antihuman IgG, IgM, and IgA (heavy-chain-specific) 
(Calbiochem-Behring, Davis, Calif.). After 45 minutes 
at 22° C the cells were washed twice, resuspended in 
buffer, mounted on a slide, and examined immediately. 
Tissue sections embedded in 7.5% buffered gelatin 
were frozen, cut, mounted, and then stained by means 
of similar techniques. Cells and tissue sections were vi- 
sualized by means of an Olympus BH-2 microscope 
(Olympus Optical Co., Ltd., Tokyo) with epiillumi- 
nation. 

Immunoglobulins. Normal human IgG was used as 
one control source of antibody for immunofluorescence 
and in the cellular cytotoxicity assay. The methods used 
for the preparation of IgG from the sera of normal 
individuals have been described previously.’ 

Cytotoxicity assay. To determine whether puri- 
fied autologous antibodies from patients with ovarian 
cancer were capable of cellular killing against human 
ovarian tumor cells in vitro, we used a complement- 
mediated cellular cytotoxicity assay.” Briefly, single-cell 
suspensions of ovarian tumor cells or control cells were 
prepared as described above and washed three times. 
Cells (5 x 10*) were incubated with serial twofold di- 
lutions of membrane-eluted antibodies or control im- 
munoglobulin (10 wl) for 30 minutes at 37° G in 96- 
well U-bottom microplates (Costar, Cambridge, Mass.). 
Guinea pig serum was added as a source of complement 
(Pel-Freeze Biologicals, Rogers, Ark.) (10 wl) and cells 
were further incubated for 30 minutes at 37° C. The 
reaction was stopped with cold 0.015 mol/L ethylene- 
diaminetetraacetic acid (Sigma, St. Louis) and then 10 
pl of 0.4% trypan. blue (Gibco) was added to each well 
to evaluate viability by the dye exclusion assay. The 
percent of cells taking up dye per total number of cells 
present was determined by light microscopy and is re- 
ported as percent killing. Each dilution was performed 
in triplicate with mean values reported. Similar results 


- were obtained with ovarian tumor cells when single cell 
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Table II. Immunofluorescence specificity of 
autologous membrane antibodies 


Source of cells Type of cells | No. positivelNo. tested 


Human tumor Ovarian adeno- 8/8 
cell lines carcinoma 
Colon adeno- 0/6* 
carcinoma 
Uterine car- 0/4 
cinoma 
Breast adeno- 0/2 
carcinoma 
Neoplastic human Ovarian adeno- 8/8 
tissues carcinoma 
Colon adeno- 0/4* 
carcinoma 
Uterine car- 0/4* 
cinoma 
Normal human Ovary 0/8 
tissues 
Colon 0/4 
Uterus 0/4 
Fallopian tube 0/4 
Lung 0/2 


*Trace immunofluocrescence was observed in one colon ad- 
enocarcinoma cell line, and one sample each of neoplastic 
tissue obtained from a colon adenocarcinoma and a uterine 
carcinoma. (Table modified and updated from Kutteh WH, 
Welander CE, Homesley HD, Doellgast GJ. AM J OBSTET GY- 
NECOL 1985;153:124-9.) 


suspensions were. obtained by either mechanical dis- 
ruption or treatment with 1 mmol/L ethylenediamine- 
tetraacetic acid. 

Characterization of tumor-associated antigen(s). 
Cells from the human serous cystadenocarcinoma 
line No. 2774 (or No. 7315) were surface labeled 
with iodine 125-—sodium by the _ lactoperoxidase 
method, cells were washed, and then membrane anti- 
gens solubilized with Triton X-100 (United States 
Biochemical Corp., Cleveland). Labeled antigens were 
precipitated with autologous ovarian membrane-eluted 
antibodies (T.E.B., J.B.S., E.M.D., or V.I.F.) or con- 
trols (W.M.J., normal IgG, or phosphate-buffered sa- 
line solution) and immune complexes were precipi- 
tated with goat antihuman IgG. The precipitates were 
washed to remove excess radioactivity, reduced with B- 
mercaptoethanol, and electrophoresed on 7.5% reduc- 
ing polyacrylamide gels. Gels were sliced into 1 mm 
sections, slices were counted for radioactivity, and 
counts per minute per slice were plotted based on rel- 
ative mobility of molecular weight standards." 


Results 


Specificity of membrane-eluted immunoglobulins. 
To determine whether these membrane-bound im- 
munoglobulins demonstrated any activity against ovar- 
lan tumors. immunoglobulins were eluted from mem- 
brane fragments, and their binding activity to various 
normal and neoplastic tissues was investigated. The au- 
tologous membrane-eluted antibodies reacted strongly 
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Fig. 1. Molecular weight characterization of autologous ovar- 
ian tumor-associated antigen. Human ovarian cystadenocar- 
cinoma cell line No. 2774 was surface labeled with 'I-sodium; 
cells were washed then solubilized with Triton X-100. Solu- 
bilized material was precipitated with autologous ovarian 
membrane-eluted antibody (T.E.B. or J.B.S.) or control im- 
munoglobulin (W.M.J. or normal IgG); precipitates were 
washed and electrophoresed on 7.5% reducing polyacryl- 
amide gels. Graphs depict counts per minute per 1 mm slice 
compared with relative mobility of molecular weight standards 
(M, myosin, 205,000 d; G, B-galactosidase, 116,000 d; P, phos- 
phorylase B, 97,500 d; B, bovine serum albumin, 67,000 d; 
O, ovalbumin, 45,000 d). Dye front and free I migrated with 
slice number 70. The figure represents one of four similar 
experiments. 


with al] human ovarian tumor cell lines and all surgi- 
cal samples of human ovarian adenocarcinoma tested 
(Table II). The membrane-eluted antibodies either did 
not react (or reacted only weakly) with human tumor 
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Fig. 2. Cytotoxic activity of autologous antibodies. Human ovarian tumor cell line No. 2774 or 
peripheral blood lymphocytes (PBL) (5 x 10") were washed and incubated with serial twofold di- 
lutions of acid-eluted membrane antibodies (T.E.B.) or normal human IgG (10 wl) for 30 minutes 
at 37° C in microtiter plates. Guinea pig complement (10 pl) was added and cells were further 
incubated for 30 minutes at 37° C. The reaction was stopped with cold 0.015 mol/L ethylenedi- 
aminetetraacetic acid and 10 jl of 0.4% trypan blue was added to each well. Percent of cells taking 
up dye per total number of cells present was determined by light microscopy. Plotted points represent 
mean value of triplicates. Open triangles, T.E.B. on No. 2774; open circles, IgG on No. 2774; solid 


triangles, T.E.B. on PBL, closed circles, IgG on PBL. 


cell lines and neoplastic tissue from colon, uterus, and 
breast. No reactivity was detected against normal hu- 
man ovary, colon, uterus, lung, fallopian tube, or small 
intestine. 

Characterization of autologous ovarian tumor- 
associated antigen (Fig. 1). Our results indicate that a 
tumor-associated antigen(s) is present on human ovar- 
ian tumor cells that is recognized by several of our 
autologous membrane-eluted antibody preparations. 
Antibody preparations from the fluids of four. pa- 
tients (T.E.B., J.B.S., E.M.D., and V.I.F.) precipitated 
the major bands corresponding to molecular weights 
of 182,000, 164,000, and 122,000 d. These bands were 
absent in control precipitates (buffered saline solution, 
W.M.J., normal IgG). These major bands may repre- 
sent subunits of one antigen or three separate cell- 
surface tumor-associated antigens. Indeed, analysis of 
areas under the peaks of radioactivity demonstrates a 
consistent ratio of 1 : 4: 2 (corresponding to molecular 
weight bands of 182,000 d: 164,000 d: 122,000 d). 

Cytotoxic activity of autologous ovarian tumor- 
associated antigen (Fig. 2). Ovarian membrane-eluted 
antibodies were tested for cytotoxic activity against 
ovarian tumor cell lines that have positive reactivity by 


immunofluorescence." Fig. 2 is representative of four 
experiments and demonstrates greater than 80% killing 
of cell line No. 2774 when incubated with two of our 
autologous antibody preparations (T.E.B. and J.B.S.). 
This cytotoxic activity decreased to background (20%) 
with dilution of antibody. No specific killing above back- 
ground was demonstrated with control anubody on 
ovarian tumor cells or with specific antibody on unre- 
lated cells. Similar results were obtained with cells 
from the serous cystadenocarcinoma line No. 7315. 


Comment 


The detection of ovarian cancer at an earlier stage 
of development might be improved if these isolated 
autologous antibodies prove to be as specific in vivo as 
they appear to be. for the ovarian cancer cell in vitro. 
Theoretically, tumor-associated antigens could be rec- 
ognized by the host and serve as a stimulus for an 
immune response in vivo. Numerous investigators have 
evidence for specific cell-mediated immunity and sev- 
eral laboratories have described the presence of specific 
antibody bound to ovarian tumor cells, suggesting that 
the patient has the capability of initiating an immune 


response against the tumor.'* 19 2 
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Hellstrom et al.” describe the in vitro destruction of 
ovarian tumor cells by patients’ lymphocytes in a colony 
inhibition assay. Chen et al.” used a leukocyte migration 
assay to test for hypersensitivity to tumor antigens. 
Levin et al.” describe cell-mediated immunity in the 
form of the blastogenic response of lymphocytes from 
ovarian cancer patients to crude cell extracts of ovar- 
ian tumor cells. The response of patients in remission 
was greater than that of normal controls, relapse pa- 
tients, or patients with other cancers. These studies 
provide inconclusive data concerning the possibility of 
the in vivo response of the host to the developing tu- 
mor. However, if the tumor cells are coated with an- 
tibody in vivo, complement fixation and cell lysis should 
occur. Indeed, the presence of bound C3 on ovarian 
carcinoma cells from peritoneal effusions has been re- 
ported,” an indication that the first few components in 
the cascade are activated; however, the cells remain 
viable. The antibody may have its Fc fragment partially 
degraded by enzymes present in the fluid surrounding 
the tumor, there may be complement deficiencies pres- 
ent, or certain blocking factors may inhibit cytolysis.” 
In our laboratory two of the autologous antibody prep- 
arations were capable of complement-mediated lysis 
in vitro against human ovarian carcinoma cell lines but 
not against peripheral blood mononuclear cells or un- 
related cell lines. It is possible that fresh ovarian tumor 
cells are resistant to complement-mediated cellular kill- 
ing, whereas tissue culture adopted cells have lost this 
property. However, we are not aware of any previous 
reports in the literature in which this has occurred. We 
have been unable to test the autologous antibodies for 
the ability to mediate cellular cytotoxicity against fresh 
ovarian neoplastic tissue because of the spontaneous 
cell death that occurs on transfer of freshly dispersed 
tumor cells into culture media. 

Several research groups have identified antigens as- 
sociated with epithelial ovarian tumors and have been 
successful in producing antibodies in experimental lab- 
oratory animals. Most groups have reported that the 
ovarian tumor-associated antigens are high molecular 
weight. The antigens have been characterized as B- 
globulins; they are distinct from carcinoembryonic an- 
tigen, a-fetoprotein, ferritin, and pregnancy-associated 
antigens.” * The antigens are glycosylated and appear 
to be stable to perchloric acid extraction.® ** Our re- 
sults suggest that autologous ovarian tumor-associated 
antigen may exist as a trimer with an apparent molec- 
ular weight of 468,000 d composed of three subunits 
of 182,000, 164,000, and 122,000 d. Alternatively, 
these molecular weights may represent three separate 
antigens. 

Our experiments indicate that complete functional 
immunoglobulins with biologically active Fab and Fc 
regions were produced in vivo by patients with ovarian 
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adenocarcinoma and that these autologous antibodies 
maintained cytotoxic activity against ovarian neoplastic 
cells in vitro. The observations that tumors continue to 
grow in the presence of a specific host immune response 
suggest the existence of mechanism(s) that enable tu- 
mors to escape immune destruction. Factors that sup- 
press the blastogenic response of normal human lym- 
phocytes have been detected in ascites” and serum” of 
patients with ovarian cancer. It has also been suggested 
that shedding of antigens may provide protection for 


the tumor by competing for the effector process of the 


immune system.”**° In a recent report, IgG dissociated 
from immune complexes in ovarian ascitic fluid was 
able to detect significantly elevated levels of tumor- 
associated antigens in sera of patients with ovarian 
cancer compared with controls.*° Additional work is 
needed to determine whether these antigens disso- 
ciated from circulating immune complexes are related 
to autologous ovarian tumor-associated antigen. The 
roles that autologous ovarian tumor-associated anti- 
gen and autologous antibodies to autologous ovarian 
tumor-associated antigen play in the host response to 
ovarian malignancy and their manipulation for detec- 
tion, monitoring, and possible therapy are the goals of 
current investigation. 
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Mechanism of action of interleukin-18 in increasing 
corticotropin-releasing factor and adrenocorticotropin ai aaa 
release from cultured human placental cells 


Felice Petraglia, MD, Gian Carlo Garuti, MD, Biagina De Ramundo, MD, 
Stefano Angioni, MD, Andrea R. Genazzani, MD, and Louise M. Bilezikjian, PhD 


Modena, Italy, and La Jolla, California 


The present study evaluated the possible effect and mechanism of action of interleukin-18 in regulating the 
release of corticotropin-releasing factor and adrenocorticotropin hormone from human cultured placental 
cells. With the use of a primary monolayer culture of human placental cells at term, the addition of 
interleukin-18 increased the release of immunoreactive corticotropin-releasing factor with a dose- and 
time-dependent effect. The intracellular concentration of both cyclic adenosine monophosphate and cyclic 
guanosine monophosphate increased in the presence of interleukin-18. The addition of indomethacin, a 
prostaglandin synthesis inhibitor, partially reversed the effect of interleukin-18. The same doses of 
interleukin-1B stimulated the release of adrenocorticotropin hormone and this effect was partially reversed 
by the addition of a synthetic corticotropin-releasing factor antagonist or by indomethacin. This study 
showed that interleukin-18 increases the release of corticotropin-releasing factor and adrenocorticotropin 
hormone from cultured placental cells. This effect is associated with increased intracellular cyclic 
nucleotide concentrations and is in part reversed by a prostaglandin synthesis inhibitor. (AM J OBSTET 


GYNECOL 1990;163:1307-12.) 


Key words: Interleukin-18, corticotropin-releasing factor, adrenocorticotropin hormone, 


cyclic nucleotides, prostaglandins, placenta 


The hormonal messengers of the immune system are 
referred to as cytokines. Among the cytokines, the in- 
terleukins are the leukocyte-derived peptides that 
play a role in mediating the immune response, acti- 
vating hormonal sections, and influencing cell prolif- 
eration and differentiation.’ In particular, the biologic 
effects of interleukin-1 have been largely investigated. 
The increased activity of the hypothalamus-pituitary- 
adrenal axis after the administration of interleukin-1 
is one of the most interesting aspects of the immune- 
endocrine interaction.” The action of interleukin-1 is 
mediated by the release of hypothalamic corticotropin- 
releasing factor and seems to be involved in stress- 
induced responses.” 

In view of the increased amniotic fluid interleukin- 
] levels during labor’ and its stimulatory effect on pros- 


From the Department of Obstetrics and Gynecology, University of 
Modena School of Medicine, and The Clayton Foundation Labora- 
tories for Peptide Biology, Salk Institute. 

Supported in part by the Consigho Nazionale delle Ricerche (P.F. 
FATMA, SP.7.2.3) and by National Institutes of Health Grant 
No. DK26741. 

Received for publication November 27, 1989; revised April 9, 1990; 
accepted May 11, 1990. 

Reprint requests: Felice Petragha, MD, Department of Obstetrics and 
Gynecology, University of Modena, School of Medicine, via del Pozzo 
71, Modena, Italy 41100. 

6/1/22420 


taglandin production,’ a possible role of interleukin-1 
in human parturition has been suggested. Recent 
studies*’ showed that bioactive interleukin-1 is present 
both in trophoblastic and decidual tissue, suggesting 
extra sources of this cytokine in pregnant women. 

A possible role of placental corticotropin-releasing 
factor in human parturition has also been suggested. 
Indeed, placental contents and circulating levels of 
corticotropin-releasing factor increase during labor.*® 
Moreover, stress-related factors (norepinephrine, 
vasopressin, glucocorticoids) increase corticotropin- 
releasing factor release and messenger ribonucleic acid 
levels in cultured placental cells.” ° In agreement with 
its neuroendocrine effect, interleukin-la increases the 
release of immunoreactive corticotropin-releasing fac- 
tor from cultured placental cells.® | 

Because two distinct interleukin-1 subtypes have 
been identified by complementary deoxyribonucleic 
acid sequencing: interleukin-1a and interleukin-1§, ac- 
tive on the same cell membrane receptors,’ in the pres- 
ent study we compared the effect of these two forms 
of interleukin-1 on immunoreactive corticotropin- 
releasing factor release from cultured human placental 
cells. Moreover, with the aim to elucidate the mecha- 
nism of action of interleukin-1 in a system of placental 
cells in culture, we measured: (1) the intracellular con- 
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centrations of cyclic adenosine monophosphate and cy- 
clic guanosine monophosphate; (2) the release of 
immunoreactive corticotropin-releasing factor in the 
presence of indomethacin, a prostaglandin synthesis 
inhibitor; and (3) the release of immunoreactive ad- 
renocorticotropin hormone in the presence of indo- 
methacin or of a synthetic corticotropin-releasing factor 
antagonist. 


Material and methods 


Cell culture. Placental tissue was obtained from preg- 
nant women (n = 8) undergoing elective cesarean sec- 
tion at term. Chunks of placental cotyledons were 
minced, rinsed, and dissected free from the connective 
tissue. Stirred in a water-jacketed flask (Wheaton Sci- 
entific, Millville, N.J.) at 300 rpm at 36° C, cells were 
enzymatically dispersed with 0.4% collagenase (Cooper 
Biochemicals Inc., Malvern, Pa.) and 3000 K units 
deoxyribonuclease type IV (Sigma Chemical Co., 
St. Louis) for 1 hour. A brief exposure to 0.4% trypsin 
(Sigma) (stirred for 10 minutes), was followed by a fil- 
tration on 42 pm filter." The dissociated cells were 
washed twice in a mixture of HEPES dissociated buffer 
and culture medium Dulbecco’s Eagle modified me- 
dium nutrient mixture F12 ham (Gibco, Painsley, U.K.) 
supplemented with Sato’s cocktail and 10% fetal calf 
serum (Gibco). 

Recombinant interleukin-la and interleukin-18 
(Roche, Basel, Switzerland), synthetic corticotropin- 
releasing factor antagonist (12-41) (Dr. J. Rivier, Salk 
Institute, La Jolla, Calif.) or indomethacin (Sigma) a 
cyclooxygenase inhibitor, were used in the experiments. 
Cultured cells were used 5 days after plating. At this 
time, after the present culture method, the percentage 
of cytotrophoblasts that had formed syncytiotropho- 
blasts was lower than 50%, thus allowing the pres- 
ence of both cell populations in the culture system. 
Cultured cells were used 5 days after plating. On 
the day of the experiment, cells were washed twice 
with HEPES-buffered Krebs-Ringer bicarbonate 
solution and preincubated 1 hour with 1 ml of the 
same solution. Interleukin-la or interleukin-1f, 
corticotropin-releasing factor antagonist, or indometh- 


acin were dissolved in sterile distilled water and pre- ` 


pared as a 100-fold concentrate and added in small 
volumes to triplicate wells that contained 1 ml of 1% 
bovine serum albumin HEPES-buffered Krebs-Ringer 
bicarbonate solution, plus bacitracin (60 pl). Vehicle- 
treated wells (controls) were present in each experi- 
ment. Corticotropin-releasing factor antagonist or in- 
domethacin was preincubated for 1 hour before the 
addition of interleukin-18. The same experiment was 
repeated at least three times in cultures prepared from 
different subjects. 
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Corticotropin-releasing factor and adrenocortico- 
tropin hormone assay. After 3 hours’ incubation, con- 
ditioned media was removed and immunoreactive 
corticotropin-releasing factor and immunoreactive 
adrenocorticotropic hormone concentrations were 
measured by double-antibody radioimmunoassay. 
Synthetic rat corticotropin-releasing factor was used 
to prepare the standard curve and for iodination 
(chloramine-T method) to produce the tracer. Rabbit 
antirat corticotropin-releasing factor was used at the 
final dilution of 1:770,000. The same buffer as 
for adrenocorticotropin hormone radioimmunoassay 
was used. The details of the incubation procedures 
were previously described." The assay sensitivity was 
2 pg/tube. The interassay and intraassay coefficients of 
variation were 8% and 4%, respectively. 

Porcine adrenocorticotropin hormone was used 
to prepare the standard curve and for iodination 
(chloramine-T method) to prepare the tracer. Ovine 
antihuman adrenocorticotropic hormone serum was 
used at a final dilution of 1:250,000. A 0.1% bovine 
serum albumin, 0.1% Triton X-100 saline phosphate 
buffer was used to dilute all reagents. The details of 
the incubation procedures were previously described." 
The assay sensitivity was 2.0 pg/tube. The interassay 
and intraassay coefficients of variation were 8% and 
4%, respectively. 

Cyclic adenosine monophosphate and cyclic gua- 
nosine monophosphate assay. On removal of the con- 
ditioned medium, total intracellular cyclic nucleotides 
were extracted. Cells were immediately frozen on dry 
ice and 1 ml of 95% ethanol containing 0.1N hydro- 
chloric acid was added. The cells were scraped and the 
solution was placed in glass borosilicate tubes. This pro- 
cedure was repeated twice. The extracts were stored at 
—20° C overnight. Centrifugation at 2500 g at 4° C 
for 45 minutes allowed denatured proteins to precip- 
itate, whereas the supernatants were dried in a speed- 
vacuum concentrator (Savant, Hicksville, N.J.). The fi- 
nal recovery of both cyclic nucleotides was 95%, as mon- 
itored with either cyclic nucleotides labeled with iodine 
125 or a known amount of standard.’ Redissolved in. 
sodium acetate buffer, duplicate samples were submit- 
ted to specific double-antibody radioimmunoassays for 
cyclic adenosine monophosphate and cyclic guanosine 
monophosphate. 

Kits were purchased by Biomedical Technologies Inc. 
(Stoughton, Mass.) to measure cyclic nucleotides on the 
basis of methods previously described.” The antisera 
did not recognize the other cyclic and noncyclic nu- 
cleotides. The assay sensitivity was 0.005 pmole/tube 
for both cyclic nucleotides measured. The interassay 
and intrassay coefficients of variation were 8% and 3%, 
respectively, for cyclic adenosine monophosphate, and 
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Fig. 1. Dose-dependent effect of interleukin-1 (/L-1@) or interleukin-18 (IL-18) on immunoreactive 
corticotropin-releasing factor (irCRF) release from cultured placental cells. Each point represents 


mean + SE. 


9% and 4%, respectively, for cyclic guanosine mono- 
phosphate. 


Results 


Interleukin-18 significantly increased the release of 
immunoreactive corticotropin-releasing factor from 
cultured placental cells with a dose-dependent effect 
(p < 0.01 vs vehicle) (Fig. 1). The interleukin-1B— 
induced release of immunoreactive corticotropin- 
releasing factor was similar to that stimulated by equi- 
molar doses of interleukin-la (Fig. 1). Intracellular 
concentrations of cyclic adenosine monophosphate 
and cyclic guanosine monophosphate singificantly in- 
creased after the addition of interleukin-18 to the cul- 
ture medium. The effect of interleukin-1 was time- 
dependent (the highest values were found after 30 min- 
utes; data not shown) and dose-dependent (p < 0.01) 
(Fig. 2). Evaluated as maximum percentage increase 
over control values, the mean plus SD increase of cyclic 
guanosine monophosphate (550 + 75%) was signifi- 
cantly higher than that of cyclic adenosine monophos- 
phate (185 + 45%) (p < 0.01). 

The addition of indomethacin significantly decreased 
immunoreactive corticotropin-releasing factor release 
induced by interleukin-1B (p < 0.01) (Fig. 3). 

Under the same experimenta] conditions, 
interleukin-18 significantly increased immunoreactive 
adrenocorticotropic hormone release (Fig. 4). The ad- 
dition of a synthetic corticotropin-releasing factor an- 
tagonist or of indomethacin significantly decreased the 


interleukin-18—induced release of immunoreactive ad- 
renocorticotropic hormone (p < 0.01) (Fig. 4). When 
added together the corticotropin-releasing factor an- 
tagonist and indomethacin further decreased the re- 
lease of immunoreactive adrenocorticotropin hormone 
induced by interleukin-16 (p < 0.01) but did not com- 
pletely reverse the effect (data not shown). 


Comment 


The present study showed that similar to the sys- 
temic effect on hypothalamus-pituitary adrenal axis, 
interleukin-18 and interleukin-la increase the release 
of immunoreactive corticotropin-releasing factor from 
cultured placental cells. This effect associated with the 
release of immunoreactive adrenocorticotropin hor- 
mone and both these actions of interleukin-IB are 
in part mediated through the activation of the pros- 
taglandin pathway. Moreover, the increase of intra- 
cellular cyclic adenosine monophosphate and cyclic 
guanosine monophosphate concentrations during 
interleukin-18 incubation indicated that both cyclic nu- 
cleotide pathways are activated by this cytokine. 

The effect of interleukin-18 on placental immuno- 
reactive corticotropin-releasing factor release was dose 
dependent and its action was equipotent to that of 
interleukin-la. The evidence that interleukin-18 in- 
creases immunoreactive adrenocorticotropin hormone 
release and that this effect is in part inhibited in the 
presence of a corticotropin-releasing factor antagonist 
indicates that interleukin-18 stimulates the local inter- 
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Fig. 2. Dose-dependent effect of interleukin-IB (/L-/ 8) on intracellular cyclic adenosine nucleotides 
(cAMP) (panel A) or on cyclic guanosine monophosphate (cGMP) (panel B). Each point represents 


mean + SE. 


action between immunoreactive corticotropin-releasing 
factor and immunoreactive adrenocorticotropin hor- 
mone. Moreover, because indomethacin partially re- 
verses the interleukin-18—induced release of both im- 
munoreactive corticotropin-releasing factor and im- 
munoreactive adrenocorticotropin hormone, it may be 
suggested that interleukin-18 may modulate produc- 
tion of these placental hormones through prostaglan- 
din release. This agrees with our previous finding that 
prostaglandins increase immunoreactive corticotropin- 
releasing factor and immunoreactive adrenocorticotro- 
pin hormone release from cultured placental cells.” 
The evidence that part of the inierleukin-18 effect 


remains in the presence of indomethacin plus the 
corticotropin-releasing factor antagonist may be ex- 
plained by the activity of other metabolites of the ar- 
achidonic acid. These findings obtained in vitro sup- 
port the existence of paracrine or autocrine interactions 
between hormonal products in human placenta. 

The increased intracellular cyclic adenosine mono- 
phosphate and cyclic guanosine monophosphate con- 
centrations in the presence of interleukin-18 suggests 
a possible participation of these cyclic nucleotides in the 
hormonal effects of interleukin-1B in human placental 
cultured cells. In agreement with this hypothesis, the 
activation of the adenylate cyclase pathway was shown 
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Fig. 3. Indomethacin (10 umol) partially reverses effect of interleukin-1ß8 (/L-1 8) on immunoreactive 
corticotropin-releasing factor (irCRF) release from cultured placental cells. Each point represents 


mean + SE. 
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Fig. 4. Corticotropin-releasing factor (CRF) antagonist or of indomethacin partially reverses effect 
of interleukin-16 (IL-18) on immunoreactive corticotropin-releasing factor (irCRF) release from 
cultured placental cells. Each point represents mean + SE. 


to stimulate the release of immunoreactive adrenocor- 
ticotropic hormone from cultured placental cells." 
The possible participation of interleukin-1 to the 
mechanisms of control of placental hormone produc- 
tion was recently supported by evidence that the ad- 


dition of interleukin-1 to trophoblast cultures stimu- 
lated the release of human chorionic gonadotropin." 
The presence of interleukin-1 in trophoblast and 
decidua®*’ supports a possible local source of the cyto- 
kines in modulation of placental hormone release. Hu- 
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man decidua also produces tumor necorsis factor-a, 
another cytokine, which shares several biologic prop- 
erties with interleukin-1.'"° Therefore decidual or 
placental interleukin-1 may stimulate trophoblast cells 
to release corticotropin-releasing factor and it may 
be suggested to contribute to the increase of plasma 
corticotropin-releasing factor and adrenocorticotropin 
hormone levels during labor.* Moreover, the observa- 
tion that both interleukin-1 and corticotropin-releasing 
hormone increase prostaglandin synthesis in cultured 
human decidual tissue* '® further sustains the hypoth- 
esis that an immune-endocrine interaction may play a 
role in human parturition. This hypothesis has been 
mainly supported by the observations obtained in pre- 
term labor.* '>'° However, the present and previous 
results were obtained in vitro and at and the present 
time it is speculative to hypothesize that this interaction 
occurs in vivo. 

In conclusion, the present results show that 
interleukin-18 stimulates the corticotropin-releasing 
factor, adrenocorticotropin hormone axis in a system 
of cultured placental cells involving a prostaglandin 
pathway, thus suggesting the existence of an immune- 
hormonal interaction in human placenta. 
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Hypoxic acidemia, hyperviscosity, and maternal hypertension 
do not affect the umbilical arterial velocity waveform in 


fetal sheep 


Robert J. Morrow, MD, S. Lee Adamson, PhD, Shelley B. Bull, PhD, and 


J. W. Knox Ritchie, MD 
Toronto, Ontario, Canada 


The effect of hypoxic acidemia, hyperviscosity, and maternal hypertension on the umbilical arterial velocity 
waveform was studied in 23 chronically catheterized fetal sheep. Fetal hypoxic acidemia induced by 
lowering the maternal inspired oxygen concentration (n = 7) caused no change in the ratio of 
systolic/diastolic blood velocity even when fetal arteral pH was as low as 6.8. Feta! blood hyperviscosity 
(n = 7) induced by exchange transfusion with packed maternal blood cells increased placental vascular 
resistance by =50% but had no significant effect on the systolic/diastolic ratio. Similarly, maternal 
hypertension induced by intravenous infusion of angiotensin |f to the ewe (n = 9) did not affect the 
systolic/diastolic ratio despite a 50% increase in maternal arterial blood pressure. We conclude that 
umbilical arterial velocity waveform abnormalities observed in growth-restricted human fetuses are 
probably not a direct result of fetal hypoxemia or hyperviscosity or maternal hypertension. (Am J OBSTET 


GYNECOL. 1990;163:1313-20.) 


Key words: Doppler ultrasonography, umbilical blood flow, intrauterine growth restriction, 


fetal assessment 


Doppler ultrasonography is widely used in obstetrics 
to investigate blood velocity waveforms in the umbilical 
artery of human fetuses mainly because of the obser- 
vation that the umbilical velocity waveform is often dra- 
matically altered when fetal growth restriction is pres- 
ent.’? An abnormal velocity waveform is characterized 
by low, zero, or reversed blood velocity during diastole, 
relative to that during systole. Because abnormalities 
in the umbilical velocity waveform have been associated 
with poor neonatal outcome,” ** it has been suggested 
that the observation of an abnormal waveform should 
lead to a clinical intervention ranging from increased 
surveillance® to premature delivery of the fetus.’ De- 
spite these recommendations, it is not known how ab- 
normal waveforms relate to the physiologic status of 
the fetus. 

Pregnancies with fetal intrauterine growth restriction 
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exhibit a higher incidence of hypoxia,* ° hyperviscos- 
ity,” and pregnancy-induced hypertension," and are 
more likely to have abnormal umbilical arterial velocity 
waveforms than are normally grown fetuses.* Increased 
placental vascular resistance has been shown to induce 
abnormal umbilical arterial velocity waveforms in fetal 
sheep * and there is histologic evidence to suggest 
that placental resistance may be higher than normal in 
growth-restricted human fetuses." ° Thus elevated 
placental vascular resistance appears to play an impor- 
tant role in the induction of umbilical waveform ab- 
normalities in growth-restricted fetuses. However, it is 
not known whether other factors could also cause um- 
bilical arterial velocity waveform abnormalities. Be- 
cause hypoxia, hyperviscosity, and maternal hyperten- 
sion are more common in growth-restricted fetuses, we 
investigated whether these factors could play a role in 
the production of abnormal umbilical arterial wave- 
forms. 


Material and methods 


We developed and used a chronically catheterized 
fetal sheep preparation with Doppler crystals im- 
planted on the umbilical artery for these studies. First 
we compared Doppler signals obtained with the im- 
planted crystals with those obtained with a commonly 
used clincial Doppler machine to ensure that the signals 
obtained were relevant to the clinical situation. We then 
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performed experiments on three different groups of 
animals. In the first group, maternal hypoxia was used 
to induce fetal hypoxemia that was sufficient to cause 
progressive fetal acidosis. In the second group, fetuses 
were exchange transfused with packed maternal red 
blood cells until fetal blood viscosity was increased by 
250%. In the third group, three dose levels of angio- 
tensin II were infused to the ewe over 15 minutes to 
induce maternal hypertension. 

General procedures. Anesthesia of pregnant ewes 
between 120 and 125 days’ gestation was induced with 
thiopental sodium (1 gm administered intravenously) 
and was maintained with halothane and nitrous oxide 
in oxygen. The hind part of the fetus was withdrawn 
through a uterine incision and a midline incision was 
made in the fetal abdomen below the umbilicus to ex- 
pose an umbilical artery. A Hexible silicone cuff that 
contained a Doppler crystal mounted at approximately 
45° to the direction of blood flow (20 MHz; Crystal 
Biotech, Halliston, Mass.) was sutured in place around 
one of the umbilical arteries. Vasospasm caused by ma- 
nipulation of the artery was reduced by applying a mus- 
cle relaxant to the artery during surgery (papaverine 
hydrochloride, Frosst, Kirkland, Quebec, Canada). 
Two polyviny! catheters were inserted into the femoral 
artery so that their tips lay in the aorta. They were used 
to sample blood for blood gas analysis, to withdraw 
samples containing radioactive microspheres, and to 
continuously monitor blood pressure. Another catheter 
was inserted into the inferior vena cava via the femoral 
vein and it was used to continuously monitor blood 
pressure and to infuse radioactive microspheres for 
flow measurements. Blood pressure levels were mea- 
sured relative to amniotic pressure, which was moni- 
tored by means of a catheter sutured to the fetal ab- 
domen. l 

Ewes were given an analgesic agent (Levo-Dromoran, 
levorphanol tartrate preparation, 2 mg subcutaneously) 
after surgery, and prophylactic antibiotics (Pen-di- 
Strep, Rogar, Canada) for 3 days postoperatively. Ex- 
periments were performed =5 days after surgery. Sur- 
gery and experiments were conducted in accordance 
with guidelines prescribed by the Canadian Council on 
Animal Care. 

Vascular catheters were connected to pressure trans- 
ducers (Model P23ID, Spectramed, Oxnard, Calif.) and 
the Doppler leads were connected to a Doppler fow 
meter (Model VF-1, Crystal Biotech). Blood pressure 
levels, heart rates, and umbilical arterial blood velocities 
were continuously monitored on a polygraph (Grass 
Instruments, Quincy, Mass.). Maternal and fetal arterial 
blood samples were obtained at intervals throughout 
the experiments and were measured immediately for 
blood gas and pH levels on a blood gas analyzer (Model 
170, Corning Medical, Medfield, Mass.). Maternal and 
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fetal bood gas values were temperature-corrected to 
38° C and 39° C, respectively. Arterial oxygen content 
was measured with a co-oximeter (Model 2500, Corn- 
ing Medical). 

Placental blood flow was measured with the ra- 
dioactive microsphere technique." Immediately after 
starting collection of arterial reference samples with a 
syringe pump (2 ml- min“ over 2.5 minutes), micro- 
spheres (15 um, 3M, St. Paul, Minn.) labeled with scan- 
dium 46, cerium 141, chromium 51 or niobium 95 were 
introduced into the inferior vena cava over 20 seconds. 
Radioactivity in the placenta was counted (Model 
1282 CompuGamma, LKB-Wallac, Turku, Finland) 
and flows were derived as previously described.”* Pla- 
cental vascular resistance was calculated by dividing the 
aorta to vena cava pressure gradient by the placental 
blood flow. 

In all experiments a logarithmic transformation was. 
performed on umbilical blood flow and placental vas- 
cular resistance to normalize their distributions. The 
analysis of the diastolic/systolic ratio, the inverse trans- 
formation of the systolic/diastolic ratio (S/D), gave 
identical conclusions so only the S/D ratio is presented. 
All data are presented as the mean + SEM of the un- 
transformed data. 

Series I— validation of model (n = 6). After surgery, 
while ewes were still anesthetized, the S/D ratio was 
simultaneously measured from the umbilical artery with 
two instruments: our pulsed Doppler device that uses 
implanted crystals and a transcutaneous, continuous- . 
wave Doppler instrument commonly used clinically (4 
MHz; Multigon, Mount Vernon, N.Y.). The sample vol- 
ume (1 mm’) on the pulsed Doppler instrument was 
scanned across the vessel until the maximum velocity 
was obtained; thereafter the maximum velocity signal 
was monitored on an oscilloscope. The Doppler beam 
of the transcutaneous instrument was directed toward 
the umbilical arteries, which had been located before 
closure of the uterus, and the direction was then ad- 
justed to obtain the characteristic umbilical waveform.” 
The Doppler signal from the transcutaneous device was 
continuously displayed on a video display screen. S/D 
ratios were measured from at least five cardiac cycles 
simultaneously frozen on the oscilloscope and the video 
display screen. Electronic calipers were used to measure 
the S/D ratio on the frozen video image obtained with 
transcutaneous Doppler ultrasonography. The S/D ra- 
tio from the implanted crystals was measured from a 
photograph of the oscilloscope screen. 

Blood flow to the placenta was measured with radio- 
active microspheres (as described above) after at least 
5 days’ recovery from surgery. The flow distribution to 
each umbilical artery was measured to ensure that 
blood flow through this highly vasoactive vessel was not 
altered by the presence of the cuff. Four measurements 
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of blood flow were made in each of six fetuses. At 
postmortem examination, one umbilical artery was ran- 
domly selected and cannulated. Methylene blue dye was 
infused so that the cotyledons in the distribution of that 
artery were stained blue. Those in the distribution of 
the other artery remained unstained. The cotyledons 
that were only partly stained were excluded from this 
analysis (but were not excluded from the determination 
of total placental blood flow described above). Blood 
flow through each umbilical artery was calculated and 
expressed in milliliters per minute per 100 gm coty- 
ledon wet weight. 

Differences between the two Doppler methods and 
between the two umbilical artery blood flows were as- 
sessed with graphic techniques and estimates of the 
range of values in which 95% of differences in a single 
measurement are expected to hie." 

Series II— hypoxic acidemia (ñ = 7). An additional 
catheter (5 mm outer diameter) was inserted nonocclu- 
sively into the trachea of the ewe through a small in- 
cision below the fourth cricoid cartilage. Gas mixtures 
were passed through this catheter to manipulate ma- 
ternal inspired oxygen concentration.” 

During hypoxemia, the flow rate of nitrogen into the 
maternal tracheal catheter was adjusted to induce a 
50% reduction in fetal arterial oxygen content. Carbon 
dioxide was added to the nitrogen infusion to maintain 
a constant arterial PCO». During baseline measure- 
ments, before the induction of hypoxemia, air was in- 
fused at the same flow rate (about 16 L - min`’) through 
the tracheal catheter. Fetal blood gas values and car- 
diovascular variables were measured three times at 5- 
minute intervals and blood flow was measured once 
during the baseline period. During hypoxemia, the 
gradual development of fetal acidemia was monitored 
by measurement of fetal blood gas and pH levels every 
30 minutes. When the fetal pH reached 7.2, 7.0, and 
6.8 the measurement protocol described during the 
baseline period was repeated. One fetus died between 
pH 7.2 and 7.0, two fetuses died between pH 7.0 and 
6.8, and data are missing for one fetus at pH 7.0 be- 
cause of technical reasons. 

The data for each animal were summarized by av- 
eraging the three measurements made within each of 
four periods: baseline, pH = 7.2, pH = 7.0, and pH = 
6.8. Each of the averages at pH = 7.2 and at pH = 7.0 
were compared with the baseline average with a paired 
Student ¢ test. Statistical significance was then assessed 
at the 2.5% rather than the 5% level to control for 
multiple testing. Data obtained at pH = 6.8 was not 
tested for significance because values reflected terminal 
changes and because the sample size was depleted 
(n = 2 or 4, depending on the variable). 

Series I{I—fetal hyperviscosity (n = 7). Blood was 
collected from adult donor sheep into plastic blood bags 
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(Fenwal, Division of Travenol Labs Inc., Deerfield, Ill.) 
containing citrate phosphate dextrose adenine solution 
and heparin. The bags were centrifuged and the 
plasma was removed. 

Blood viscosity was measured at 39° C as a function 
of shear rate with a cone and plate viscometer (Wells- 
Brookfield, Brookfield Engineering Laboratories Inc., 
Stoughton, Mass.). Three baseline viscosity measure- 
ments were made on heparinized fetal blood drawn at 
15-minute intervals. The packed red blood cells were 
then introduced into the inferior vena cava while 
blood was simultaneously withdrawn at the same rate 
from the fetal aorta (3 ml © min™'; Harvard Apparatus, 
South Natick, Mass.). The transfusion was continued 
until the fetal blood viscosity was increased by 250%. 
After a 1-hour equilibration period, measurements 
were repeated at the elevated viscosity. 

A paired Student é test was used to compare the av- 
erage of the three baseline measurements with the av- 
erage of the three measurements made at increased 
viscosity. 

Series IV—maternal hypertension (n = 9). An ad- 
ditional vascular catheter was implanted in the mater- 
nal femoral artery so that blood pressure could be mon- 
itored. 

Angiotensin II (Ciba Geigy, Toronto) in isotonic sa- 
line solution was infused for 15 minutes via the femoral 
vein of the ewe at doses of 5, 10, and 15 pg min™' at 
a flow rate of 15 ml- min™'. These doses were chosen 
because a dose of 11.5 pg > min™' had previously been 
shown to cause elevated maternal blood pressure and 
changes in the fetal circulation suggesting increased 
placental vascular resistance.” Isotonic saline solution 
infused at 15 ml: min“! was used as a control. Each 
15-minute infusion was followed by a 45-minute re- 
covery period before the next dose was infused. The 
order of infusions was randomized. 

Two measurements were made before each infusion 
(—10 and 0 minutes) and during each infusion (+ 10 
and +15 minutes). The two values within each time 
period were similar so they were averaged to reduce 
variability in the data. The difference between mea- 
surements obtained before and during each infusion 
was used for subsequent statistical analysis. Repeated 
measures analysis of variance was used to determine 
the effect of different dosage levels of angiotensin I] 
for animals with complete information for all infusions 
(n = 6), followed by paired Student ¢ tests that incor- 
porated all available information. 


Results 


Series I—validation of implanted crystals. The 
S/D ratios obtained from the umbilical artery with the 
internal and the external Doppler instruments were 
highly correlated (r = 0.98) and differences between 
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Fig. 1. A, Comparison of S/D ratio in umbilical artery with implanted Doppler crystal and clinical 
Doppler instrument (external). Each symbol represents individual animal. Solid line shows line of 
identity. B, Plot of differences between S/D ratio obtained with external and implanted Doppler 
techniques. That values lie close to zero throughout range of mean S/D ratio indicates there was 
no systematic difference between methods of measurement. 


the two measurements were small (Fig. 1); 95% of the 
differences would be expected to be within + 0.16. The 
overall mean difference between the two signals was 
0.02 and the size of the difference did not depend on 
the size of the ratio (r = 0.11, p = 0.84). Thus, the two 
methods of measurement were in close agreement. 
The mean blood flow to the part of the placenta 
supplied by the artery monitored by the Doppler crystal 
was 145 ml > min`! per 100 gm of placenta compared 
with 153 ml + min“ per 100 gm of placenta in the other 
artery. The correlation coefficient between flows mea- 
sured in each artery was 0.90 and, expressed as a per- 
centage difference, the overall mean difference was 
2.8% with 95% of individual differences expected to 
lie within +20%. There was no significant difference 
between the weight of placenta supplied by each artery. 
Series II—hypoxic acidemia. The mean fetal pH 
before induction of hypoxemia was 7.37 + 0.01. The 
mean pH at each of the measurement points were 
7.13 + 0.02 (pH $7.2), 6.95 + 0.02 (pH = 7.0), and 
6.75 + 0.03 (pH = 6.8). During: hypoxemia, the oxy- 
gen content was reduced from 7.8.+ 0.3 ml- dl~! to 
2.8 + 0.1 mi-di-' ‘at the first measurement point 
(pH = 7.2) and it remained at <50% of baseline for 
the duration of the hypoxic period (approximately 8 
hours). The mean Pao, was 22 + 1 mm Hg at baseline 
and it decreased to 11 + 1 mm Hg.at the first mea- 


surement point. The mean Paco, showed little change 
from the baseline value of 49 + 2 mm Hg although it 
decreased slightly during hypoxemia (Paco, at the first 
measurement point was 44 + 2 mm Hg). 

The fetal arterial blood pressure, heart rate, and pla- 
cental vascular resistance did not significantly alter with 
increasing acidosis (at pH = 7.2 and pH = 7.0). The 
systolic, diastolic, and mean umbilical velocities all 
showed small but significant decreases with progressive 
acidosis although the decrease in umbilical blood flow 
was not statistically significant (Table I). Nevertheless, 
the S/D ratio did not significantly change from the 
baseline value of 2.1 + 0.1 with progressive acidosis 
down to pH = 7.0 (Fig. 2). In all cases, however, we 
observed an increase in S/D ratio when hypotension 
and bradycardia developed in the fetus shortly before 
death. At pH = 6.8, two of the four fetuses were hy- 
potensive (arterial pressure levels were 28 mm Hg and 
17 mm Hg) and bradycardic (heart rates were 108 and 
80 min™~') and both fetuses had zero diastolic velocities. 
The remaining two fetuses at pH = 6.8 had arterial 
pressure levels of 44 and 27 mm Hg, heart rates within 
the normal range (153 and 172 min`’), and S/D ratios 
of 3.7 and 3.8, respectively. 

Series [1I—fetal hyperviscosity. Fetal hematocrit 
was 30% + 3% before exchange transfusion with 
packed maternal blood cells. After transfusion the he- 
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Fig. 2. Systolic and diastolic Doppler frequency shift (proportional to blood velocity) and S/D ratio 
are shown for both control and progressive acidemia. Only four of seven fetuses survived to pH = 6.8 
so data points are joined by dashed lines (these data were not subjected to statistical analysis). *p = 0.025 
compared with control. **p = 0.002 compared with control. 


matocrit was increased to 45% + 2%. The mean blood 
viscosity at the three shear rates tested (90, 255, and 
450 seconds~') was 2.3 + 0.2 cP before and 3.8 + 0.2 
cP after transfusion. This increase caused a significant 
50% increase in placental vascular resistance (Table II). 

Hyperviscosity did not significantly affect the um- 
bilical artery S/D ratio; however, the mean velocity and 
the diastolic velocity were both significantly reduced 
and the systolic velocity showed a decreasing trend (p = 
0.07) (Table H). The mean fetal arterial pressure in- 
creased significantly but there was no significant change 
in fetal heart rate or umbilical blood flow. Fétal Pao,, 
PacO,, oxygen content, and pH were not significantly 
altered from control values of 20 + 1 mm Hg, 50 + 2 


mm Hg, 6.1 + 0.4 ml; dl~’, and 7.36 + 0.01, respec- 


tively, by the exchange transfusion. 
Series [V—-maternal hypertension. Maternal mean 
arterial blood pressure was 91 + 8 mm Hg during 


infusion of saline solution. During infusions of 10 
and 15 pg: min~' angiotensin. I], maternal arterial 
blood pressure levels increased to 125 + 5 and 136 + 
7 mm Hg; respectively. Mean maternal heart rate, Po», 
oxygeh content, PCO, and pH were not significantly 
affected by angiotensin II infusions. 

The umbilical S/D ratio during infusion of saline 
solution was 2.4 + 0.2 and it did not significantly 
change during angiotensin If infusion at any dosage 
studied. There were no significant changes in mean 
fetal arterial blood pressure, heart rate, placental blood 
flow, placental vascular resistance, or blood gas and pH 
values during maternal infusions of angiotensin II. 


Comment . 

Continuous monitoring of the umbilical arterial ve- 
locity waveform in the conscious animal was readily 
achieved with implanted Doppler crystals. We have 
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Table I. Fetal cardiovascular changes with increasing fetal acidemia (mean 


Control 
Mean velocity (kHz) 12.4 + 1.4 
Heart rate (min™') 169 + 5 
Mean arterial pressure (mm Hg) 40 +2 
PVR (mm Hg> ml“! min : kg~’) 0.23 + 0.03 
UBF (ml - min! - kg~’) 174 + 15 
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+ SEM) 
pH 

<7.2 <7.0 <6.8 
11.0 + 1.6% 10.3 + 1.9* 6.1 + 1.7 
173 + 12 184 +9 128 + 2] 

44 + 3 37 +44 295 +6 
0.31 + 0.08 0.21 + 0.02 0.5 + 0.2 
164 + 30 150 + 30 84 + 33 


PVR, Placental vascular resistance; UBF, umbilical blood flow. Diastolic velocity, systolic velocity, and S/D ratio are shown in 


Fig. 2. 


*Statistically different from control, = 0.01 for both comparisons. 


Table II. The fetal cardiovascular parameters before and after exchange transfusion with packed 


maternal cells (mean + SEM) 


PVR (mm.Hg: ml7': min: kg™') 
Blood pressure (mm Hg) 

Mean velocity (kHz) 

Diastolic velocity (kHz) 

Systolic velocity (kHz) 

S/D ratio a 

Umbilical flow (ml + min”! - kg~') 
Heart rate (min“') 


pValue 
0.24 + 0.04 0.36 + 0.06 0.03 
41+ 1] 47 + 2 0.005 
14:5 + 1.5 12.4 + 1.5 0.04 
10:4 + 1.2 8.5 + 1.5 0.05 
203° 1.3 18.1 + 1.3 (0.07) 
2.1 Oo 26 + 0.5 (0.17) 
8k: &:22 136 + 20 (0.10) 
178 + 8 170 +9 (0.96) 


` 


PVR, Placental vascular resistance. 


demonstrated that waveforms recorded by this method 
are similar to those obtained with a transcutaneous, 
continuous-wave Doppler instrument. We have also 
shown that the presence of the cuff around the artery 
does not affect blood flow through this highly vasoac- 
tive vessel. Although the placental anatomy of the sheep 
differs from that of human beings we found that wave- 
form shapes and S/D ratios in the sheep umbilical ar- 
teries were similar to those observed in the human fetus 
near term.''? Furthermore, the umbilical arterial S/D 
ratio in fetal sheep decreases with advancing gestational 
age™ in a manner similar to that in human beings.” 
Thus the described fetal sheep preparation provides a 
suitable model for studying the cause of abnormal um- 
bilical arterial waveforms. 

We have shown that hypoxic acidosis down to a pH 
of 7.0 does not cause a significant change in the um- 
bilical arterial velocity waveform. This suggests that re- 
distribution of blood flow that occurs in response to 
hypoxic acidosis” does not affect the umbilical arterial 
waveform. However, the S/D ratio ultimately increased 
in all fetuses when the pH = 6.8. This may have been 
mediated by a decrease in myocardial contractility 
caused by acidemia.” Although the mechanism is not 
known, diastolic velocity decreased to zero in all fetuses 
when hypotension and bradycardia occurred before fe- 
tal death. Because changes tn the S/D ratio were only 
marked when the fetus was near death, the umbilical 


artery velocity waveform does not appear to provide 
an early warning of developing fetal hypoxic acidosis. 
This finding is in agreement with Weiner™ who studied 
the relationship between umbilical arterial S/D ratio 
and the umbilical venous acid-base status in human 
fetuses and concluded that an abnormal umbilical ar- 
terial S/D ratio was not a sufficiently accurate indicator 
of fetal acid-base status to form the basis for clincial 
management. 

We have increased viscosity by 60% and have ob- 
served no change in the umbilical waveform shape as 
measured by the S/D ratio. This result indicates that it 
is highly unlikely that the association between the much 
smaller elevation in blood viscosity and abnormal um- 
bilical arterial velocity waveforms observed by Giles and 
Trudinger” in human subjects was a direct cause-effect 
relationship. 

Umbilical arterial waveforms and fetal placental re- 
sistance did not change even during large increases in 
maternal arterial blood pressure induced by maternal 
angiotensin II infusion. Pressure in the maternal blood 
vessels of the sheep placenta influence fetal placental 
vascular resistance presumably by causing partial col- 
lapse of the fetal placental vessels.” Thus we hypoth- 
esized that an increase in maternal arterial blood pres- 
sure could increase fetal placental vascular resistance 
and that this effect could play a role in producing the 
umbilical arterial waveform abnormalities observed in 
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patients with pregnancy-induced hypertension. Be- 
cause no significant change in umbilical vascular re- 
sistance was observed, it 1s possible that the increase 
in central arterial pressure was not transmitted to 
the small exchange vessels of the maternal placenta. 
Whether high central pressures are transmitted to the 
placental microcirculation in hypertensive pregnant 
women is not known. The absence of a direct effect of 
maternal blood pressure on umbilical waveforms may 
explain why abnormal waveforms are often not ob- 
served in women with chronic hypertension or mild 
pregnancy-induced hypertension.” 

The absence of significant fetal cardiovascular effects 
during maternal angiotensin II infusion is consistent 
with studies that concluded that angiotensin II does not 
cross the placenta in an active form**** but contradict 
those of Perales et al.” Although we used a similar dose 
of angiotensin IT and induced a similar increase in ma- 
ternal arterial blood pressure, we were unable to re- 
produce the significant increase in fetal blood pressure 
and decrease in heart rate described by Perales et al.” 
The reason for the discrepancy in results is not 
known. 

There is growing evidence that the umbilical S/D 
ratio reflects placental vascular resistance.’* '* *° How- 
ever, we caused a substantial increase in the placental 
vascular resistance by increasing blood viscosity but the 
S/D ratio was not significantly altered. The 50% in- 
crease in resistance should have been sufficient to pro- 
duce an effect if the waveform were sensitive to viscosity 
inasmuch as a 40% increase in placental vascular resis- 
tance caused by placental embolization had a significant 
effect.” It is noteworthy that, like viscosity, an increase 
in placental vascular resistance caused by umbilical ar- 
terial vasoconstriction also has no effect on the umbil- 
ical arterial velocity waveform." Thus, the mechanism 
by which placental vascular resistance is increased is 
important in determining whether waveform shape is 
affected. 

In conclusion, we have demonstrated that hypoxic 
acidemia in the sheep fetus does not significantly affect 
the umbilical arterial velocity waveform until fetal 
death is imminent. Thus a fetus may be hypoxic and 
acidotic, but still have a normal waveform if the pla- 
cental ultrastructure is normal. Normal waveforms are 
also observed when resistance to fetal placental blood 
flow is increased either by hyperviscosity or by vaso- 
constriction of the umbilical arteries. On the other 
hand, when peripheral placental resistance is elevated 
by embolization with microspheres, the waveform ab- 
normalities observed in growth-restricted human fe- 
tuses are reproduced.’ * Thus apart from cardiovas- 
cular collapse before death, it appears that an abnormal 
umbilical arterial velocity waveform is a very specific 
indicator of elevated resistance within the small vessels 
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of the fetal placenta and should be used with caution 
as a more general indicator of fetal condition. 


We thank Dr. C. E. Musclow for her assistance in 
preparing packed blood cells and for measuring fetal 
blood viscosity. — 
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A progesterone-induced blocking factor corrects high 
resorption rates in mice treated with antiprogesterone 
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Earlier we showed that because of the presence of functional progesterone receptors, lymphocytes of 
healthy pregnant women produced an immunomodulatory protein in the presence of progesterone, 
whereas those of nonpregnant persons did not. Progesterone-treated murine pregnancy lymphocytes 
release a similar factor. The present study reveals the biologic significance of this finding. Treatment of 
BALB/c mice that were 8 days pregnant with a progesterone receptor blocker (RU 486) resulted in 100% 
resorption of the fetuses. Simultaneous administration of the supernatant from progesterone-treated murine 
pregnancy spleen cells restored the resorption rate to the original 6% observed in untreated control 
animals. These data suggest that functional lymphocytic progesterone binding sites are needed for the 
maintenance of normal pregnancy. Because of the blockage of progesterone receptors and the 
consequent inability of the lymphocytes to produce the progesterone-induced blocking factor, abortion is 
initiated by immune factors. The fact that administration of the preformed blocking factor counteracted the 
effect of antiprogesterone treatment suggests that progesterone-mediated immunosuppression is needed 
for the maintenance of normal gestation. (AM J OssteT GYNECOL 1990;163:1320-2.) 


Key words: Progesterone receptor block, abortion, progesterone-dependent 


immunomodulation 


There is now ample evidence that the maternal im- 
mune system recognizes a semiallogeneic conceptus. * 
Local mechanisms can in turn prevent potentially 
harmful antifetal immune reactions, thus assuring a 
normal outcome of pregnancy.” Progesterone is essen- 
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tial for the maintenance of mammalian gestation. In 
general, estrogens promote and progesterone inhibits 
uterine contractility, interfering in this way with the 
initiation of labor. Progesterone further affects in vitro 
lymphocyte reactivity. We have shown that human 
pregnancy lymphocytes (unlike nonpregnancy ones) 
possess specific progesterone binding sites.*® When ex- 
posed to progesterone, these lymphocytes release a 
protein’ endowed with diverse immunomodulatory 
properties.® 

This protein appears in the serum of pregnant 
women and its concentration shows a correlation with 


Volume 163 
Number 4, Part 1 


Progesterone-induced antiabortive substance 1321 


Table I. The progesterone-induced blocking factor corrects the high resorption rate induced by 
antiprogesterone treatment in BALB/c mice that were 8 days pregnant 





I Injected with 2 mg/kg RU 486 

2 Injected with 2 mg/kg RU 486 and 
0.5 ml supernatant of progesterone- 
treated pregnancy spleen cells 

3 Injected with 2 mg/kg RU 486 and 
0.5 ml supernatant of untreated 
pregnancy spleen cells 

4 Injected with 2 mg/kg RU 486 and 
0.5 ml supernatant of progesterone- 
treated spleen cells from 
virgin mice 


5 oe 


*Significantly different from RU 486-treated mice at p <0.001. 


the success of pregnancy. RU 486 mifepristone is a 
competitive antagonist of progesterone that blocks pro- 
gesterone and to a certain extent glucocorticoid binding 
sites, thus leading to abortion in the early phase of 
pregnancy.” Data obtained by testing lymphocyte func- 
tion of women treated with the progesterone receptor 
blocker ZK98734 suggests that the block of lymphocyte 
progesterone receptors correlates better with the abor- 
tive effect than the block of trophoblastic receptors." 

On the basis of these data we assume that 
progesterone-mediated immunosuppression is crucial 
for the maintenance of pregnancy. We present data that 
show a possibility to overcome receptor blocking by 
supplying in vivo the progesterone-induced immuno- 
modulatory substance lacking in RU 486—treated 
pregnant females. 


Material and methods 


Production of the progesterone-induced blocking 
factor. C3H mice that were 12 days pregnant (Institute 
de la Recherche Scientifique sur le Cancer [IRSC], Vil- 
lejuif, France) were killed and the spleens were har- 
vested. Lymphocytes were isolated in Ficoll-Paque gra- 
dient, washed three times, and treated at a cell density 
of 5 x 10° viable cells per milliliter with 10 pg/ml of 
progesterone for 3 hours. At the end of the incubation 
period, supernatants were collected and dialyzed over- 
night at 4° C against 500x volume medium to elimi- 
nate progesterone. Radioimmunologic determination 
of progesterone revealed that almost 100% of the pro- 
gesterone was depleted from the supernatants by di- 
alysis. 

Supernatants of progesterone-treated lymphocytes 
from virgin C3H mice and those of untreated preg- 
nancy spleen cells were used as controls. 

Treatment of pregnant mice with RU 486 and the 






No. | No embryos | 









ponies 
rice Mean litter size 
0 100 3 
15 T 6.2* 4 
4 0 ll 100 2.75 
4 0 13 100 3.25 
li 62 8 11 6.36 


progesterone-induced blocking factor. BALB/c mice 
were obtained from the IRSC breeding center (Cen- 
tre National de la Recherche Scientifique, Villejuif, 
France). Successful matings were checked daily by vag- 
inal plug examinations, and mated females were ran- 
domly separated into experimental and control groups. 

At 8 days’ gestation 2 mg/kg RU 486 was adminis- 
tered intraperitoneally alone or with 0.5 ml of super- 
natant of progesterone-treated pregnancy spleen cells 
or control supernatants. Experimental and control fe- 
male mice were killed on day 10 of pregnancy and living 
and resorbing embryos were counted. 

Statistical analysis. The data were analyzed by the 
x” test. 


Results 


Treatment of BALB/c mice that were 8 days preg- 
nant with a single 2 mg/kg dose of RU 486 resulted in 
100% resorption of the fetuses. Simultaneous intra- 
peritoneal administration of 0.5 ml of the superna- 
tant of progesterone-treated pregnancy spleen cells 
prevented the abortive effect of the antiprogesterone 
(i.e., it restored the resorption rate to the original 6% 
observed in untreated control animals). The superna- 
tants of untreated pregnancy spleen cells and those of 
progesterone-treated spleen cells from virgin mice were 
without effect (Table I). 


Comment 


Progesterone has been shown to exert immunologic . 
effects in vitro.* This hormone is produced in large 
quantities during pregnancy and reaches high concen- 
trations locally at the fetomaternal interface, thus it 
might be involved in local immunosuppression. Earlier 
we showed that progesterone-treated lymphocytes of 
healthy pregnant women produce a 34 kd immuno- 
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modulatory protein.’ The in vitro effects of this sub- 
stance include suppressor cell generation and inhibition 
of natural killer and natural cytotoxic activity.’ The con- 


centration of this factor was significantly higher in the ` 


sera of healthy pregnant women than that in the sera 
of nonpregnant persons or pregnant women with clin- 
ical symptoms of threatened abortion or threatened 
preterm delivery.’ 

The termination of pregnancy was found to be as- 
sociated with increased natural cytotoxic activity of the 
lymphocytes.” The serum concentration of the block- 
ing factor correlated well with the outcome of preg- 
nancy, as well as with the natural killer blocking po- 
tential of the sera.’ Therefore it seemed likely that the 
in vivo action of the protein involved blockage of nat- 
ural killer activity and that the blockade of natural killer 
activity was needed for the maintenance of normal 
pregnancy. Natural killer activity might be involved in 
fetal tissue destruction as well as the blockage of blood 
supply and the induction of smooth muscle contraction 
by some of their secreted products (e.g., tumor necrosis 
factor). This hypothesis was further supported by the 
fact that administration of the blocking factor signifi- 
cantly reduced the high resorption rate induced by the 
transfer of natural killer cells to pregnant BALB/c mice 
(unpublished observation). 

Recently we demonstrated progesterone receptors in 
lymphocytes of healthy pregnant women but not in 
those of healthy nonpregnant persons.’ Blockage of 
progesterone receptors both in human beings and an- 
imal models results in the cessation of pregnancy,” and 
the production of the blocking factor by human lym- 
phocytes is progesterone receptor dependent.” ° 

Recently we showed in a study with human beings 
that at a certain dose progesterone receptor blockers 
affected trophoblastic and lymphocytic binding sites to 
a different extent, and that the involvement of lym- 
phocytic progesterone receptors showed a higher de- 
gree of correlation with the success or failure of the 
treatment than that of the trophoblastic receptors." 

This study shows that administration of the pre- 
formed progesterone-induced blocking factor counter- 
acts the abortive effect of progesterone receptor block. 
These data support the following hypothesis: normal 
pregnancy lymphocytes express specific binding sites 
for progesterone. This allows the production of the 
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blocking factor when lymphocytes are exposed to the 
hormone. In the murine model the abortive effect of 
progesterone receptor block was overcome by the sup- 
pressive substance. The present study shows that the 
progesterone-induced immunologic blocking factor in 
addition to its in vitro immunomodulatory effects is 
able to substitute the immunologic effects of proges- 
terone, and that this alone could alter the resorption 
rate in progesterone-deprived animals. Therefore it 
seems likely that progesterone-mediated 1mmunosup- 
pression has a role in the maintenance of gestation. 


REFERENCES 


1. Smith G. In vitro susceptibility of mouse placental tro- 
phoblast to cytotoxic effector cells. J Reprod Immunol 
1983;5:39-44. 

2. Chaouat G, Kolb J-P, Wegmann TG. The murine placenta 
as an immunologic barrier between the mother and the 
fetus. Immunol Rev 1983;75:31-60. 

8. Stites DP, Pavia CS, Clemens LE, Kuhn RW, Siiteri PK. 
Immunologic regulation in pregnancy. Arthritis Rheum 
1979;22:1300-4. 

4. Stites DP, Siteri PK. Steroids as immunosuppressants in 
pregnancy. Immunol Rev 1983;75:117-38. 

5. Szekeres-Bartho J, Szekeres GY, Debre P, Autran B, 
Chaouat G. Reactivity of lymphocytes to a progesterone 
receptor-specific monoclonal antibody. Cell Immunol 
1990; 125:273-83. | 

6. Szekeres-Bartho J, Reznikoff-Etievant MF, Varga P, Varga 
Z, Chaouat G. Lymphocytic progesterone receptors in hu- 
man pregnancy. J Reprod Immunol 1989;16:239-47. 

7. Szekeres-Bartho J, Kilar F, Falkay G, Csernus V, Torok 
A, Pacsa AS. Progesterone-treated lymphocytes of healthy 
pregnant women release a factor inhibiting cytotoxicity 
and prostaglandin synthesis. Am J Reprod Immunol Mi- 
crobiol 1985;9:15-8. 

8. Szekeres-Bartho J, Autran B, Debre P, Andreu G, Denver 
L, Chaouat G. Immunoregulatory effects of suppressor 
factor from healthy pregnant women’s lymphocytes after 
progesterone induction. Cell Immunol 1989;122:281-94. 

9. Szekeres-Bartho J, Varga P, Pejtstk B. ELISA test for de- 
tecting an immunological blocking factor in human preg- 
nancy serum. J Reprod Immunol 1989;16:19-23. 

10. Philibert D, Moguilewsky M, Mary I, et al. Pharmacolog- 
ical profile of RU 486 in animals. In: Baulieu E-E, Segal 
SJ, eds. The antiprogestin steroid RU 486 and human 
fertility control. New York: Plenum Press, 1985:49-68. 

11. Szekeres-Bartho J, Szabo J, Kovacs L. Alteration of lym- 
phocyte reactivity in pregnant women treated with the 
progesterone receptor inhibitor ZK98734. Am J Reprod 
Immunol 1989;21:46-9. 

12. Szekeres-Bartho J, Varga P, Pacsa AS. Immunological fac- 
tors contributing to the initiation of labor—lymphocyte 
reactivity in term labor and threatened preterm delivery. 
AM J OBSTET GYNECOL 1986;155:108-12. 

13. Warner JSC, Libby P. Human vascular smooth muscle. 
J Immunol 1989;142:100-3. 


Effects of magnesium and.isradipine on contractile activation 
induced by the thromboxane A, analog U46619 in human 


uteroplacental arteries in term pregnancy 
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The effects of Mg** and the dihydropyridine calcium channel blocker isradipine on contractions induced by 
the thromboxane A, mimetic U46619 were studied in isolated human uteroplacental arteries. In all 

preparations investigated U46619 107" to 107° mol/L induced concentration-related contractile responses. 
In maternal vessels U46619 produced a biphasic concentration-response curve, whereas the compound in 


fetal vessels produced a sigmoid concentration-response curve parallel to that of prostaglandin Fz Mg** 
(1.0 to 6.0 mmol/L) and isradipine (10-"° to 1075 mol/L) both relaxed U46619-induced contractions by up 
to about 40%. In preparations precontracted by U46619 and exposed to isradipine 10~* mol/L, addition of 
Mg++ 6.0 mmol/L consistently produced a further small relaxation. Removal of the endothelium or 
pretreatment with indomethacin 107° mol/L or digoxin 107° mol/L did not influence the inhibition produced 
by Mg** or isradipine. In vessels pretreated in Ca**-free medium Mg** 6.0 mmol/L depressed and 
isradipine abolished responses to Ca** (0.01 to 4.0 mmol/L) after depolarization with K* 124 mmol/L. In 
maternal and fetal arteries stimulated with U46619, however, Mg** 6.0 mmol/L and isradipine 10-8 mol/L 
produced a similar, partial inhibition of responses to Ca** (0:01 to 4.0 mmol/L). Mg** seems to inhibit 
transmembrane Ca** influx, although less efficiently than the dihydropyridine calcium antagonist | 
isradipine. In addition, Mg++ may interfere with Ca++ at intracellular binding sites. Provided that 
preeclampsia comprises enhanced vascular actions of thromboxane A, the present results support the 
established use of Mg‘* in the treatment of this condition and suggest that calcium antagonists are of 


potential benefit. (AM J OBsteT GYNECOL 1990;163:1323-33.) 


Key words: Mg**, calcium channel blocker, uteroplacental vessels, preeclampsia, 


thromboxane A, 


Increased peripheral vascular resistance and blood 
pressure with impaired uteroplacental blood flow are 
main characteristics of préeclampsia.':? These changes 
have been explained by imbalance in the synthesis pat- 
tern of prostacyclin and thromboxane A, (TxA,). Al- 
though the role of prostacyclin has been questioned by 
results from infusion studies in vivo,’ placental tissues 
show increased capacity to produce TxA,,* which could 
account for the increased vascular resistance. Ana- 
logues of TxA, produce vasoconstriction in fetal pla- 
cental vessels,” but the effects on the maternal utero- 
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placental vessels and the possibilities of interference 
with such responses are not known. | 

Magnesium is currently used in the treatment of pre- 
eclampsia, and the ion produces relaxation of various 
peripheral vessels,® including the fetal umbilical and 
stem villous arteries.” 8 The mechanisms involved in 
these responses seem to include interference with trans- 
membrane Ca** influx®*® but may include enhanced 
endothelial production of prostacyclin as well.? Calcium 
channel blockers of the dihydropyridine group show 
antihypertensive effects in patients wtih preeclamp- 
sia, and these drugs produce relaxation of isolated 
uteroplacental arteries. The effects of Mg** and di- 
hydropyridine calcium channel blockers on contractile 
activation induced by TxA, do not seem to. have been 
studied in maternal and fetal uteroplacental arteries. 

In this study we have tested the effects of the stable 
TxA, analog U46619 on isolated, small human utero- 
placental arteries from term pregnant patients. The 
responses have been compared with those produced by 
norepinephrine and vasopressin in maternal vessels 
and those produced by prostaglandin F,, (PGF;,) in 


1323 


- 1324 Skajaa et al. 


fetal vessels. Moreover, we have studied the effects of 
Mg~* and isradipine on U46619-induced contractile 
activation in both types of vessel. 


Material and methods 

After informed, written consent was obtained, myo- 
metrial biopsy specimens were taken from the upper 
edge of the isthmic incision at. term cesarean section 
because of genital herpes (n = 2), previous cesarean 
section (n = 2), or breech presentation (n = 4). In ad- 
dition, macroscopically normal cotyledons were excised 
together with adjacent chorionic plate. All specimens 
were immediately placed in ice-cold Krebs solution and 
transported to the laboratory. By careful dissection un- 
der a stereomicroscope, stem villous arteries (inner di- 
ameter 300 to 400 um) were identified in the cotyle- 
dons, and intramyometrial arteries (inner diameter 300 


to 500 pm) were exposed in the myometrial biopsy - 


specimens. The vessels were prepared as vascular rings 
(length 1.0 to 1.2 mm), and the preparations were then 
mounted in 5 ml organ baths containing Krebs solution 
(37.0° + 0.5° C) bubbled with carbogen (95% oxygen 
and 5% carbon dioxide). The final pH was 7.40 + 0.05. 
The short parallel legs of two L-shaped hooks were 
carefully inserted through the lumina of the vessels."® 
One of these hooks was attached to a displacement 
device that allowed fine adjustments of tension, and the 
other was connected to a Grass Ft 03 transducer. Iso- 
metric tension was recorded and displayed on a Beck- 
mann R 611 polygraph. 

The preparations were allowed to equilibrate for 1 
hour. During this period passive tension was adjusted 
to 4 mN in the intramyometrial vessels and to 3 mN in 
the stem villous arteries. These resting tension levels 
were shown to be near optimum for contractile re- 
sponses to depolarization with K+ (124 mmol/L). After 
the equilibration period, contractions were repeatedly 


induced by K* (124 mmol/L) until reproducible (<10% - 


variation between two successive contractions). Subse- 
quent contractile responses were expressed as a percent 
of the mean of the last two of the initial K*-induced 
contractions. The integrity of the endothelium was reg- 
ularly controlled by testing the relaxant effects of sub- 
stance P 1077 mol/L in vessels precontracted. by nor- 
epinephrine 10-* mol/L (maternal vessels) or PGF,, 
10- mol/L. Only preparations showing more than 80% 
relaxation were used for further experiments. By con- 
trast, in fetal and maternal vessels that were denuded 
of endothelial lining by gently moving a hair through 
the lumen, substance P induced <15% relaxation. 
The relaxant effects of Mg** and isradipine on 
U46619-induced tension were calculated by comput- 
erized planimetry during the 10-minute period sub- 
sequent to addition of the substance and expressed as 
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a percentage of the area under the U46619-induced 
contraction 10 minutes before addition of the relaxing 
substances. Solvent-treated preparations contracted by 
U46619 served as controls. 

Concentration-response relations to U46619, nor- 
epinephrine, vasopressin, and Ca** were characterized 
by the maximum amplitude achieved (Ema in percent 
of initial K* response) and the concentration producing 
half-maximum response (ECs). ECs) values were ex- 
pressed as pD: ='— log(EC,). Mean and SE for Ena 
and pD» were determined. After homogeneity of vari- 
dance was ascertained, significance of difference was as- 
sessed by one-way analysis of variance or, if appropri- 
ate, by the two-tailed ¢ test for groups of nonpaired 
observations with a level of significance of 0.05. 

Solutions. Normal Krebs solution: sodium chlo- 
ride, 119 mmol/L; potassium chloride, 4.6 mmol/L; 
sodium bicarbonate, 15 mmol/L; calcium chloride, 1.5 
mmol/L; magnesium chloride, 1.2 mmol/L; sodium 
phosphate, 1.2 mmol/L; glucose, 11 mmol/L. High-K* 
Krebs solution: potassium chloride, 124 mmol/L; so- 
dium bicarbonate, 15 mmol/L; calcium chloride, 
1.5 mmol/L; magnesium chloride, 1.5 mmol/L; so- 
dium phosphate, 1.2 mmol/L; glucose, 11 mmol/L. 
In Ca**-free solutions calcium chloride was omitted 
and ethylene glycol-bis(B-aminoethyl ether)N,N,N’,N’- 
tetrdacetic acid (EGTA) 0.01 mmol/L was added. 

Drugs. Drugs used were as follows: U46619 [(15S)- 
hydroxy-11a,9a-(epoxymethano)prosta-5Z,13E -dien- 
oic acid (Upjohn), isradipine (Sandoz), NA [(—)- 
norepinephrine, Sigma Chemical Co.], vasopressin (ar- 
ginine vasopressin, Sigma), and PGF, (Dinoprost, 
Upjohn). 


Results 


Neither the maternal intramyometrial preparation 
nor the fetal stem villous arterial preparation exhibited 
spontaneous contractile activity. In maternal arteries 
K+ (124 mmol/L) depolarization induced an initial fast 
rise in tension that developed into a tonic contraction 
with higher amplitude. The maximum tension reached 
was 10 + 1 mN/mm (n = 8). 

In the fetal vessels the initial rapid phase continued 
into a maintained contraction with lower amplitude 
within 1 to 2 minutes. The maximum amplitude was 
10 + 2 mN/mm (n = 8). The corresponding tension 
level reached during the second phase was 90% of the 
Initial maximum amplitude. 

Effects of U46619, norepinephrine, and vasopres- 
sin. U46619 107" to 107° mol/L, norepinephrine 107° 
to 1074 mol/L, and vasopressin 107" to 107° mol/L all 
induced concentration-related contractile responses in 
the maternal intramyometrial vessels (Fig. 1). However, 
the shape of the concentration-response curves for 


Volume 163 
Number 4, Part I 


Mg** and isradipine effects on human uteroplacental vessels 1325 


A—A VP @-—® U46619 O—O NA 


140 
Z 
2 120 yam 9-6-6 
$ 400 ^ ~“ 8 
: YY pee 
| / | | l/| | 
+ 5 e? 
x ©- 
` 40 | | y | J 
= A ; 7t O 
= 94 /! eo, gl 
3 : /\ } val 
O UA / fe 
e 0 A-A t10 ’ O 


12 11 10 9 8 7 6 9 4 
AGONIST CONCENTRATION (—log M) 


Fig. 1. Maternal intramyometrial arteries. Concentration-response relations for vasopressin (VP) 
107" to 107° mol/L, U46619 107" to 107° mol/L, and NA (NA) 1078 to 107" mol/L. Each point 
represents the mean of eight experiments. Vertical bars denote SE, when this exceeded the size of 
the symbolis. The dotted line represents the linear extension of the latter part of the U46619 
concentration-response curve, which was sued for calculation of the pD, value for that part of the 
U46619 response. See text for further details. 


these agonists differed. Thus cumulative addition of 
U46619 produced a biphasic concentration-response 
curve. A plateau at about 50% of the K* response 
was achieved in the U46619 concentration range of 
3 x 107" mol/L. The first part of the concentration- 
response curve had an apparent E,,,, of about 54% of 
the K* response with a corresponding pD, value of 
9.6 + 0.2. At further addition of U46619 a final Ema 
of 116% + 6% of the K* response was reached. A pD, 
value of 8.5 + 0.6 for this part of the curve was assessed 
by extrapolation of the linear part of the concentration- 
response curve (corresponding to U46619 3 x 107° to 
3 x 10-° mol/L) (Fig. 1). By contrast norepineph- 
rine and vasopressin produced sigmoid concentration- 
response curves with a linear course corresponding 
to the EC,, value. Ema values of vasopressin- and 
norepinephrine-induced contractions were 124% + 
5% and 101% + 9% of the initial K* response, re- 
spectively. The pD values were 9.96 + 0.30 and 
6.28 + 0.25, respectively. 

In the stem villous arteries U46619 and PGF,, in- 
duced concentration-related responses (Fig. 2). In 
these vessels U46619 produced sigmoid concentration- 


response curves parallel to the concentration-response 
curve of PGF,,. Ema values for U46619 and PGF.,, re- 
sponses were 145% + 9% and 139% + 4.4% of the 
initial K* contraction, respectively. The pD, values were 
8.53 + 0.01 and 5.93 + 0.09, corresponding to EC,, 
values of 2.9 x 10°° and 1.2 x 10-° mol/L, respec- 
tively. As previously shown norepinephine and vaso- 
pressin did not induce contractile responses in the fetal 
stem villous arteries." "” 

Effects of Mg** and isradipine on U46619-induced 
contractions. Responses to U46619 1077 mol/L were 
close to maximum (Fig. 1) in intramyometrial prepa- 
rations. The responses consisted of an initial fast rise 
in tension, which continued into a maintained contrac- 
tion with minor fluctuations in tension (Fig, 3). Tension 
produced by lower concentrations of the compound 
was characterized by major fluctuations. In the stem 
villous vessels U46619 107° mol/L induced a near- 
maximum response amounting to 120% + 5% of the 
initial K* contraction (Fig. 2). 

At prolonged exposure to U46619 the tension in- 
duced was inconstant. To evaluate the effects of Mg** 
and isradipine on U46619-induced tension the prep- 
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Fig. 2. Fetal stem villous arteries. Concentration-response relations for U46619 107” to 10-5 
mol/L and PGF,, 107" to 107* mol/L. Each point represents the mean of eight experiments. Vertical 
bars denote SE, when this exceeded the size of the symbols. 


arations were exposed to Mg** 0.5 mmol/L and pre- 
contracted by U46619 1077 mol/L (maternal vessels) or 
1078 mol/L (fetal vessels). The relaxant effects of Mg** 
or isradipine were then tested by addition of single 
concentrations of these agents in separate preparations. 
In maternal preparations Mg** 1.0 to 6.0 mmol/L pro- 
duced concentration-dependent relaxation of tension 
induced by U46619 1077 mol/L by up to 43%, and 
significant relaxation as related to control preparations 
was Obtained at a Mg** concentration of 1.0 mmol/L. 
In the fetal arteries the relaxant properties of Mg** 
on U46619-induced contractions were less pronounced 
than in maternal vessels and significant relaxation ap- 
peared at a Mg** concentration of 1.5 mmol/L (Fig. 
4, A). 

Isradipine produced similar 
dependent relaxation of U46619-induced tension by 
up to 33% in both maternal and fetal vessels. Signif- 
icant relaxation as related to control preparations 
was obtained after addition of isradipine 107 '° mol/L 
(Fig. 4, B). In preparations precontracted by U46619 
1077 or 107° mol/L and exposed to isradipine 107° 
mol/L, addition of Mg** 6.0 mmol/L consistently pro- 
duced further relaxation (Fig. 3). 

Effects of endothelial disruption, indomethacin, 
and digoxin on responses to Mg** and isradipine. 
Removal of the endothelium or pretreatment with in- 


concentration- 


domethacin 10-6 mol/L or digoxin 107° mol/L did not 
influence the inhibition produced by Mg** or isradi- 
pine on tension produced by U46619 10-7 mol/L in 
maternal intramyometrial arteries or 107° mol/L in the 
fetal stem villous arteries. 

Effects of Mg** and isradipine on responses to 
Ca**, The vessels were exposed to Ca**-free medium 
(EGTA 0.01 mmol/L) for 30 minutes (repeated wash- 
ing during the initial 15 minutes), and responses to K* 
124 mmol/L or U46619 (107? mol/L in maternal vessels 
and 107® mol/L in fetal vessels) were elicited after 
preincubation for 20 minutes with Mg** 6.0 mmol/L, 
with isradipine 107° mol/L (Mg** 0.5 mmol/L) or in 
controls (Mg** 0.5 mmol/L). The development of con- 
stant tension was awaited and Ca** was then added 
cumulatively. 

Responses in Ca**-free medium. In Ca**-free me- 
dium (EGTA 0.01 mmol/L) responses to K* 124 
mmol/L were abolished in both types of vessel 
(Fig. 5, A and B). l 

Responses to U46619 (1077 mol/L) in Ca* *-free me- 

' dium in maternal vessels consisted of an initial tension 
peak, which reached 56% + 9% (n = 8) of the initial 
K* response. These continued into a lower tension level 
of about 44% + 8% (n = 8). In vessels pretreated with 
Mg** 6.0 mmol/L the response to U46619 was reduced 
to 45% and 18%, respectively. Isradipine reduced 
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Fig. 3. Maternal intramyometrial arteries (A) and fetal stem villous arteries (B): Response to U46619 
1077 mol/L (maternal vessels) and 107° mol/L (fetal vessels) and effects of isradipine (JSR) 107° 


mol/L and Mg** 6.0 mmol/L. 


the response to 40% and 16%, respectively (Fig. 6, A). 

In fetal vessels U46619 (107° mol/L) produced a fast 
rise in tension, which was maintained until the subse- 
quent Ca** addition. The response in Ca**-free me- 
dium was reduced from 140% to 35% (n = 8) of the 
initial K* response as compared with the response in 
normal Krebs solution. Pretreatment with Mg** or is- 
radipine did not cause any further reduction of the 
U46619 response (Fig. 6, B). 


Responses to Ca** after K* stimulation. The 
responses produced by addition of Ca** (0.01 to 
4.0 mmol/L) after initial stimulation with K* (124 
mmol/L) in Ca**-free medium were partially de- 
pressed by Mg** 6.0 mmol/L. In the maternal intra- 
myometrial arteries the Ema and pD; values were sig- 
nificantly reduced (Fig. 5, A). In stem villous arteries 
the pD, and Emx values could not be calculated, since 
no definite maximum was achieved at Ca** 4.0 
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Fig. 4. Maternal intramyometrial arteries and fetal stem villous arteries. Concentration-response 
relations for Mg** 1.0 to 6.0 mmol/L (A) and isradipine 107" to 107° mol/L (B) in vessels pretreated 
with U46619 1077 mol/L (maternal vessels) or 107% mol/L (fetal vessels). Single exposures of Mg** 
and isradipine in separate preparations were used for these experiments (n = 8). Vertical bars denote 
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mmol/L. However, the tension induced by Ca** 0.1 to 
0.5 mmol/L was reduced by Mg** as compared with 
the responses in the control preparation (Fig. 5, B), 
while responses to Ca** 1.0 to 4.0 mmol/L showed no 
significant decrease. 

In both maternal and fetal vessels pretreated with 
isradipine 10-° mol/L the responses to readdition of 
Ca** (0.01 to 4. mmol/L) were virtually abolished (Fig. 
5, A and B). 

Responses to Ca** after U46619 stimulation. In ma- 
ternal preparations Mg** 6.0 mmol/L produced partial 
inhibition of the response to subsequent addition of 
Ca** (0.01 to 4.0 mmol/L), as compared with prepa- 
rations exposed to Mg** 0.5 mmol/L. In vessels 
pretreated with isradipine 107° mol/L (Mg** 0.5 
mmol/L) responses to Ca** (0.01 to 4.0 mmol/L) were 
even more reduced (Fig. 6, A). However, the inhibition 
of responses to Ca** produced by isradipine 107° 
mol/L and Mg** 6.0 mmol/L did not differ signifi- 
cantly. 

In fetal stem villous arteries Mg** (6.0 mmol/L) and 
isradipine (10-78 mol/L) produced a similar inhibi- 
tion of the responses to Ca** 0.0] to 4.0 mmol/L 
(Fig. 6, B). 


Comment 


The TxA, analog U46619 is a potent vasoconstric- 
tor of umbilical and placental vessels as shown in vitro 
on human preparations’ '® "© and in animal in vivo 
experiments.* In accordance with previous studies 
the present results showed that U46619 produced 
concentration-dependent vasoconstriction in isolated 
human uteroplacental arteries. Lower levels of U46619 
were needed to produce significant contraction of ma- 
ternal arteries as compared with fetal arteries. Fur- 
thermore, the concentration-response curves showed 
different profiles in maternal and fetal vessels showing 
a biphasic course in the intramyometrial arteries. Sim- 
ilar pD, values were assessed for fetal vessels and for 
the late part of the concentration-response curve in the 
maternal vessels, while a significantly higher pD, value 
was estimated for the first part of the concentration- 
response curve in the maternal vessels. It cannot be 
excluded that these results reflect the existence of two 
subtypes of TxA, receptors in the maternal intramyo- 
metrial vessels. Further studies including specific re- 
ceptor antagonists are needed to clarify this possibility. 

In preeclampsia there seems to be an imbalance in 
the synthesis ratio between prostacyclin and TXA,, 
TXA., being produced in excess.‘ However, it has 
been shown that preeclampsia is not accompanied by 
changes in TXA, production that can be detected in 
maternal blood.’* On the other hand, an increased pro- 
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duction of TXA, was found in placentas from hyper- 
tensive pregnancies,” suggesting that a local distur- 
bance in TXA,/PGI, balance could be responsible for 
the increased resistance in the uteroplacental vascu- 
lar bed. Together with those of others, our results 
strengthen the hypothesis that TXA, is partly respon- 
sible for the vasospasm in uteroplacental vessels, which 
is a constant feature in the syndrome of preeclampsia.” 

The effects of Mg** on the uteroplacental resistance 
vessels have recently been evaluated,’ and it has been 
demonstrated that Mg** relaxes vessels, which is im- 
portant for resistance regulation in the human utero- 
placental vascular bed. In this in vitro study Mg** in 
concentrations that are readily reached during thera- 
peutic use™ effectively relaxed U46619-induced con- 
tractions as compared with responses in control prep- 
arations exposed to 0.5 mmol/L Mg**. In late preg- 
nancy the concentrations of Mg** in plasma range 
from 0.5 to 0.8 mmol/L (median about 0.65 mmol/L, 
n = 2000) (Skajaa K. Unpublished observations), with 
subsequent free extracellular Mg** of about 0.5 
mmol/L. 

Mg** seems to inhibit transmembrane calcium in- 
flux,® ® but several intracellular mechanisms involved 
in the activation of vascular contraction may be influ- 
enced by the ion.* *'* These results give further sup- 
port to the view that Mg** inhibits Ca** influx through 
voltage-operated channels, since the K*-induced con- 
tractions were reduced. Responses to U46619 and 
other prostanoids seem to be mediated by an increase 
in intracellular Ca** brought about partly by a trans- 
membrane Ca influx via receptor-operated channels 
and partly by a release of Ca from intracellular stores.” 
The response to U46619 in this study and to PGF», as 
shown previously? were partly inhibited by Mg**, as 
were the responses to Ca** after stimulation with 
U46619 in calcium-free medium. Thus Mg** may in- 
terfere with Ca** entry through receptor-operated 
channels, as well as with Ca** release from intracellular 
stores.” However, the exact mechanisms by which 
Mg** exerts its inhibitory effects are still unclear. 

Calcium antagonists of the dihydropyridine type 
have a common action to inhibit Ca** influx into 
smooth muscle cells and subsequent contraction. 
The dihydropyridine receptor is a component of the 
voltage-dependent calcium channels, °° which ex- 
plains the effective blockade of Ca** entry through 
these channels by the dihydropyridine calcium antag- 
onists. Although this is the primary site of action of 
calcium antagonist, some other sites of action cannot 
be excluded. In this study it clearly emerged that is- 
radipine very effectively hindered the Ca** influx 
through voltage-operated Ca channels as the response 
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Fig. 5. Maternal intramyomietrial arteries (A) and fetal stem villous arteries (B) preincubated in 
Ca**-free medium. Concentration-response relations for Ca** 0.1 to 4.0 mmol/L in vessels exposed 
to isradipine (ISR). 107° mol/L or Mg** 6.0 mmol/L after initial depolarization with Kt 124 
mmol/L. Each point represents the mean of eight experiments. Vertical bars denote SE, when this 


exceeded the size of the symbols. 


to high K* concentration was completely abolished. 
However, the fact that the U46619 response in Ca**- 
free medium was reduced by isradipine suggests other 
actions of isradipine as well. 

In this study.the effects of Mg** and isradipine were 
similar although isradipine was more effective with re- 
spect to inhibition of Ca** influx as reflected by-effects 


on K*-induced contractile activation. However, Mg** 
induced a further relaxation in preparations precon- 
tracted with U46619 and then exposed to isradipine 
10-6 mol/L, i.e., producing maximum (maternal ves- 
sels) or near-maximum (fetal vessels) inhibition. This 
could reflect that Mg** interfered with membrane 
and/or other cellular mechanisms” that are unaf- 
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fected by dihydropyridine calcium antagonists such as If treatment of preeclampsia is required, improve- 
isradipine. However, other explanations are possible. ment of uterine and placental blood How is crucial, 
Thus isradipine may have changed the calcium channel particularly as the systemic hypertension may be con- 


sensitivity to Mg**. sidered a consequence rather than the cause of the 
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disease.” The relation between fetal and maternal 
uteroplacental vascular effects of Mg** is therefore of 
considerable clinical interest. Apparently, the effects of 
Increasing concentrations of Mg** include relaxation 
of both fetal and maternal utercplacental arteries, but 
the effects were more pronounced in the maternal ves- 
sels. In addition Mg** produces relaxation of the myo- 
metrium,” ** and, together with the preference of the 
maternal vasculature, this could be of advantage in the 
treatment of preeclampsia. However, the hemody- 
namic effects of such treatment depend on the overall 
systemic response. In the pregnant rabbit Mg** infu- 
sion increased uterine blood flow.” Similar studies on 
uteroplacental blood flow in human pregnancies are 
sparse, but Mg** infusion in human volunteers has 
been shown to reduce the systemic:blood pressure con- 
comitant with a significant Increase in renal blood flow 
and in excretion of prostacyclin metabolites.*° More- 
over, Mg** in therapeutic concentrations mediates en- 
hanced production of prostacyclin by cultured human 
umbilical vein endothelial cells.? Thus it seems that 
Mg** in vivo may alleviate the action of TxA, in several 
respects. However, enhanced prostacyclin production 
does not seem of importance for the relaxant responses 
to Mg** in isolated human uteroplacental arteries since 
no effects of indomethacin or of endothelial removal 
were found. The relaxant effects of Mg** did not 
seem to be mediated by a stimulation of the sodium- 
potassium-adenosine triphosphatase, since pretreat- 
ment with digoxin, which inhibits this enzyme, did not 
influence the action of Mg** on U46619-induced con- 
tractions. | 

In conclusion, our results show that Mg** and the 
calcium antagonist isradipine inhibit contraction pro- 
duced by TxA, in uteroplacental resistance vessels, If 
preeclampsia-eclampsia involves increased vascular ac- 
tions of TxAg, these data give support to the established 
use of magnesium sulfate in the treatment of these 
conditions and suggest that calcium antagonists may be 
of potential benefit. 


We thank Ms. Kirsten Aggerholm for skilled tech- 
nical assistance. 
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The use of in situ hybridization to show human papillomavirus 


deoxyribonucleic acid in metastatic cancer cells within 


lymph nodes 


George Lewandowski, MD, Gregorio Delgado, MD, Robert W. Holloway, MD, 
Michael Farrell, PhD, A. Bennett Jenson, MD, and Wayne D. Lancaster, PhD 


Washington, D.C. 


Southern blot hybridization has been used to identify human papillomavirus types in both primary tumors 
and lymph node metastases. However, this technique requires fresh-frozen tissue and is incapable of 
localizing deoxyribonucleic acid sequences to specific cell types in the tumor sample. In contrast, in situ 
hybridization precisely locates viral sequences within tumor cells while preserving cellular architecture. 
Further, in situ hybridization requires only small samples of formalin-fixed, paraffin-embedded tissues. Five 
lymph nodes (from four patients) containing metastatic cervical squamous tumor cells (identified with 
hematoxylin and eosinophil staining) were analyzed with in situ hybridization techniques with hurnan 
papillomavirus type 16 deoxyribonucleic acid probes labeled with sulfur 35. The primary cervical cancer 
from all four patients had been shown to contain human papillomavirus type 16 sequences by Southern 
biot. Three specimens from two patients clearly showed the presence of human papillomavirus type 16 
sequences within the nuclei of metastatic tumor cells, whereas two specimens were nondiagnostic most 
likely as a result of the smal! volume of cancer relative to the size of the lymph node. This information 
indicates that it is the tumor cells themselves that contain viral deoxyribonucleic acid and provides 
additional evidence linking human papillomavirus with cervical carcinogenesis. (AM J OBSTET GYNECOL 


1990:163:1333-7.) 


Key words: Human papillomavirus infection, metastatic cervical cancer, in situ hybridization 


Preinvasive and invasive lower genital neoplasms 
have been broadly linked to a sexually transmissable 
agent with a number of etiologic factors presented by 
LaVecchia et al.' Early work by Meisels et al.” showed 
koilocytic atypia, which is pathognomonic for human 
papillomavirus (HPV) infection, in 70% of patients with 
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cervical dysplasia. Kurman et al., Syrjanen,* Walker 
et al, and others used the immunoperoxidase tech- 
nique to show specific papillomavirus antigens in cer- 
vical and vulvar lesions, but found that lesions which 
were less well differentiated did not retain the capability 
to synthesize capsid proteins into virions and therefore 
were not detectable by this technique. An additional 
drawback to our understanding of the relationship be- 
tween HPV infection and oncogenesis has been the 
inability to grow HPV in cell culture. Asa result, further 
definition of the role of HPV infection in carcinogenesis 
has relied on refinements in the techniques of molec- 
ular biology. 

Southern blot hybridization’ tissue typing of fresh or 
frozen tissue has been the “gold standard” method of 
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HPV detection, and has been used in the majority of 
reports dealing with HPV-related disease. A number 
of prospective studies” showed that HPV types 6 and 
11 carry a low risk for progression to dysplasia and 
neoplasia, whereas HPV types 16, 18, 31, 33, and 35 
are associated with many invasive lesions and seem to 
constitute a higher risk group. 

Lancaster et al.’* and Fuchs et al.'° provided novel 
evidence in support of this association with the dem- 
onstration of the same HPV type in both primary tu- 
mors and their lymph node metastases, thus further 
implicating HPV in carcinogenesis. However, because 
this work was performed with the Southern blot hy- 
bridization technique, it was impossible to show with 
certainty whether the HPV deoxyribonucleic acid 
(DNA) was within actual tumor cells, or whether it 
merely existed within adjacent lymphocytes or lym- 
phatic stroma. 

To address this issue, in situ hybridization was de- 
veloped to provide HPV typing information while pre- 
serving cellular architecture. The specific goal of this 
work was to show the presence of HPV type 16 DNA 
sequences in tumor cells within metastatic lymph nodes. 


Material and methods 


Source and handling of tissue. Tissues obtained 
from lymph node specimens of patients undergoing 
surgery for cervical malignancies at Georgetown Uni- 
versity Hospital were analyzed with the use of frozen 
section. If tumor involvement was shown, a segment of 
the lymph node was obtained, frozen on dry ice, and 
stored at — 70° C. The corresponding paraffin blocks 
that contained tumor-bearing lymphatic tissue were ob- 
tained from the Department of Pathology in each case 
in which frozen tissue was secured. , 

Southern blot hybridization. The frozen specimens 
described above were analyzed for the presence of HPV 
types 6/11, 16, and 18 by Southern blot hybridization.’ 
HPV DNA probes radiolabeled with phosphorus 32 
were prepared by. nick translation with Escherichia coli 
DNA ‘polymerase J. Blot transfer and hybridization 
were performed under moderately stringent conditions 
detailed elsewhere." 

In situ hybridization. Histologic analysis was done 
to confirm the presence of tumor in the paraffin- 
embedded lymph node section obtained. Adjacent se- 
rial sections 4 to 6 um thick were mounted on slides 
that had been acid-cleaned and treated with poly-L- 
lysine solution. 

HPV 6 and HPV 16 genomes were isolated from 
molecular clones described previously.“ Viral DNA was 
released from the pBR822 vector by digestion with Bam 
HI and isolated by agarose gel electrophoresis and elec- 
troelution. 

The. HPV types 6 and 16 DNA fragments obtained 
T 
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were radiolabeled with *S deoxyadenosine triphos- 
phate (New England Nuclear, Boston) with the “oli- 
golabeling” technique of Feinberg and Vogelstein.” 
The specific activity of the probes determined with scin- 
tillation counting was found to range from 1.8 to 
2.1 X 10’ counts per minute per microgram of DNA. 
Radioactive probe fragments were separated from un- 
incorporated nucleotide with a commercially available 
exchange resin (Nensorb, New England Nuclear) and 
concentrated with ethanol precipitation. 

In situ hybridization analyses were performed on the 
tumor metastases as described by Brahic and Haase‘ 
and Gupta et al.” with the following modifications. Af- 
ter removal of paraffin and the initial dehydration, the 
tissue sections were incubated in | pg/ml proteinase K 
in phosphate-buffered saline solution for 20 minutes. 
With 25 to 30 wl of. hybridization mixture (50% de- 
ionized formamide, 10% dextran sulfate, 0.6 mol/L 
sodium chloride, 0.01 mol/L Tris hydrochloride 
(pH 7.4), 0.5 mmol/L ethylenediaminetetraacetic acid, 
1 mg/ml bovine serum albumin, 0.02% Ficoll, 0.02% 
polyvinylpyrrolidone, 0.2 mg/ml salmon sperm DNA, 
0.5 mM dithiothreitol and 0.2 pg/ml of HPV type 6 or 
16 DNA probes labeled with *#S, hybridizations were 
carried out for 50 to 60 hours at 37° C. After the hy- 


bridizations, slides were washed and dehydrated by the 


method, described by Gupta et al.” 

Autoradiography. After air drying, the slides were 
dipped in photographic emulsion (nuclear tract NTB- 
3, Kodak, Rochester, N.Y.) which had been melted and 
maintained at 45° C. Exposure was performed in des- 
iccated, light-free containers for 5 to 7 days at 4° C. 
The emulsion was developed following manufacturer’s 
recommendations, and slides were stained with he- 
matoxylin before the coverslips were positioned. 


Results 


Five different lymph nodes containing metastatic cer- 
vical squamous cancer from four patients were ana- 
lyzed. Two separate nodal specimens were studied 
from one patient, representing metastases from para- 
aortic and scalene lymph node biopsy specimens ob- 
tained 9 months apart. The primary tumor from each 
of the four patients had been found to contain HPV 
type 16 with the use of Southern blot hybridization. 
The Southern blot demonstration of HPV type 16 in- 
volvement in these cases has already been reported." 

Three nodal samples from two patients showed the 
presence of HPV type 16 DNA within nests of tumor 
cells in the lymph nodes. In no instance did the control 
HPV type 6 DNA hybridize to the samples. Fig. 1, A 
and 1, B, show low- and high-power magnifications of 
one of these specimens. The darkened areas of silver 
granule deposition indicate probe hybridization within 
the tumor metastases but not in the surrounding lym- 
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preserves cellular architecture. This allowed us to show 
that the viral genomes were within the tumor cells and 
not in the surrounding lymphocytes. Further, this ev- 
idence of the virus was found at sites distant from and 
noncontiguous to the primary lesion, the presumed site 
of viral entry into the system. This information answers 
an objection to our earlier use of Southern blot hy- 
bridization that showed HPV types in metastatic lymph 
nodes. It further pinpoints the HPV DNA to the tumor 
cells themselves. 

Walboomers et al.® reported a single case in which 
in situ hybridization was used to indicate the presence 
of HPV type 16 in a fresh-frozen pelvic tumor metas- 
tasis from an endocervical adenocarcinoma. They 
found that the in situ hybridization positivity was 
roughly correlated to the copy number of the DNA 
within the metastasis. Nuovo and Richart’? corroborate 
this information in their comparison of slot blot, South- 
ern blot, and in situ hybridization, and added that cases 
with weak hybridization signals generally reflected less 
dysplastic lesions. Our demonstration of strong signals 
in hybridizations from separate lymph node tumor me- 
tastases suggests a possible clinical role for in situ hy- 
bridization that may ultimately offer a clue as to HPV- 
related tumor biology and prognosis. . 

In situ hybridization offers an additional advantage 
of using formalin-fixed, paraffin-embedded tissues for 
analysis. Duplicate examinations are therefore possible, 
which will allow for further testing should assay 
modifications or new HPV types be discovered. Only a 
single report has used Southern blotting on paraffin- 
embedded tissue,” and the technique requires special 
tissue handling that may not be applicable to standard 
surgical pathologic procedures. 

However, in situ hybridization is not without draw- 
backs. We found in situ hybridization to be technically 
more difficult and as a result potentially less sensitive 
than Southern blotting. Individual assays may take 
from 2 weeks to several months depending on the spe- 
cific activity of the probe and the condition and amount 
of viral DNA within the specimen. Caussey*! found a 
30% detection rate with in situ hybridization compared 
with rates between 70% and 89% for cervical cancers 
with the use of blot technology. Further investigation 
into HPV-related carcinogenesis will depend on infor- 
mation from both in situ and Southern blot hybridi- 
zation techniques as well as the development and ap- 
plication of newer techniques including the polymerase 


chain reaction. 
In conclusion, with the use of in situ hybridization 


to show HPV type 16 DNA in tumor metastases within 
lymph nodes we have provided additional evidence that 
implicates HPV infection with lower genital carcino- 
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genesis. In situ hybridization offers the advantages of 
repeated assay along with its use of formalin-fixed, 
paraffin-embedded tissues, but seems to suffer from 
assay sensitivity. Both in situ hybridization and South- 
ern blotting may provide important information on the 
HPV-related molecular biology of invasive and prein- 
vasive lesions in the lower genital tract. 
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Vasodilatory effects of nifedipine, methoxyverapamil, and 
sodium nitroprusside on contractile responses of the ewe 


uterine artery at term pregnancy 


Miguel Isla, DVM, PhD, and Donald C. Dyer, PhD 


Ames, lowa 


The differential inhibitory effect of the vasodilators on contractile responses to norepinephrine, serotonin, 
and potassium on isolated uterine artery ring segments from pregnant ewes within 2 weeks of term was 
quantified and correlated with the source of Ca** for the vasoconstrictors producing the smooth muscle 
contraction. The contraction evoked by the vasoconstrictors was dependent on extracellular Ca++ and in 
agonist-induced contractions also on an intracellular pool of Ca**. Nifedipine effectively inhibited 
K*-induced (90 mmol/L) contractions (antagonist concentration to reduce the maximum contractile effect 
to the agonist to 50%, 1.95 + 0.9 x 107° mol/L), whereas it was relatively ineffective in blocking 
norepinephrine-induced (10-° mol/L) or serotonin-induced (10-78 mol/L) vasoconstriction (antagonist 
concentration to reduce the maximum contractile effect to the agonist to 50%, 1.38 + 0.4 x 10-74 mol/L 
and 2.04 + 0.4 x 107 mol/L, respectively). Methoxyverapamil (D-600) strongly inhibited 
serotonin-induced contractions (antagonist concentration to reduce the maximum contractile effect to the 
agonist to 50%, 3.3 + 0.3 x 10°’ mol/L). The phasic rather than the tonic components of the 

serotonin- and norepinephrine-induced contractions were more effectively inhibited by D-600 (p < 

0.05). Sodium nitroprusside preferentially blocked (p < 0.05) the sustained tonic components of 
norepinephrine- and serotonin-induced vasoconstrictions (antagonist concentration to reduce the maximum 
contractile effect to the agonist to 50%, 7.1 + 0.4 x 107’ mol/L and 8.2 + 0.6 x 107? mol/L, 
respectively). On the basis of these findings it is concluded that D-600 and sodium nitroprusside are more 
effective than nifedipine in blocking contractile responses due to receptor stimulation, and therefore might 
be more effective in the treatment of hypertensive emergencies in which these amines might be 


implicated. (Am J Osstet Gyneco. 1990;163:1337-44.) 


Key words: Nifedipine, methoxyverapamil, sodium nitroprusside, uterine artery 
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Nifedipine, methoxyverapamil (D-600, A. G. Knoll 
Pharmaceutical Laboratories, Ludwigshafen, West Ger- 
many), and sodium nitroprusside have been used in 
human beings to counteract pregnancy-induced hy- 
pertension." ** The mechanisms responsible for the 
vasodilation effects of these agents are not clearly es- 
tablished. Nifedipine is a dihydropiridine Ca** antag- 
onist that has marked selectivity for potential depen- 
dent Ca** channels in vascular smooth muscle.* D-600 
has approximately equiactive effects in blocking poten- 


1337 


1338 Isla and Dyer 


tial dependent Ca** channels in cardiac muscle and 
vascular smooth muscle,* and has been recently shown 
to interact with certain neurotransmitter receptors, spe- 
cifically serotonin receptors.** On the other hand, ni- 
trovasodilators such as sodium nitroprusside interfere 
with contractile responses due to receptor stimulation, 
which putatively increases myoplasmic free Ca** either 
by releasing intracellularly stored Ca** or by acting 
directly on Ca** channels linked to the receptor.® 

The pregnant ewe is widely used as an experimental 
animal in the study of maternal-fetal physiology- 
pharmacology. We recently showed in the late pregnant 
ewe isolated uterine artery that norepinephrine and 
serotonin induce long-lasting, strong vasoconstrictor 
responses through the stimulation of a,-adrenergic and 
SHT, (serotonergic) receptors, respectively.’ '' A pro- 
nounced vasoconstriction in the uterine circulation in- 
duced by these agonists could have a detrimental effect 
on the proper functioning of reproductive organs and 
perfusion of the fetus as in pregnancy-induced hyper- 
tension. 

In this study we compare the effects of nifedipine, 
D-600, and sodium nitroprusside on contractions in- 
duced by norepinephrine, serotonin, and K* depolar- 
ization with the aim of providing additional informa- 
tion for the clarification of the vasoinhibitory action of 
these agents. Particular attention is given to the deter- 
mination of the Ca** source for the agonist producing 
the smooth muscle contraction, inasmuch as the final 
determinant of vasoconstriction appears to be an in- 
crease in intracellular free Ca**. 


Material and methods 


Specimens of uterine arteries were obtained from 
pregnant ewes within 2 weeks of term (131 to 145 days’ 
gestation). Animals were killed by intravenous injection 
of pentobarbital and exsanguination. Immediately af- 
ter exsanguination, sections of the mesometrium and 
uterus that contain the uterine arteries were placed in 
ice-cold oxygenated modified Krebs-Henseleit solution 
and taken to the laboratory. The Krebs-Henseleit 
solution had the following composition (mmol/L): 
sodium chloride 115.21, sodium bicarbonate 22.14, 
potassium chloride 4.7, magnesium sulfate 1.16, po- 
tassium dihydrogen phosphate 1.2, ethylenediamine- 
tetraacetic acid (2H,O) 0.003, dextrose 7.88, and cal- 
cium chloride 1.8. ‘The uterine arteries were dissected 


. from the adhering tissues and isolated arterial rings’ 


were prepared as described previously.” In brief, rings 
with an outer diameter of 3 to 4 mm and a width of 
about 3 mm were obtained from the main uterine artery 
before the first bifurcation. Preparations were mounted 
between. two stainless-steel hooks in 10 ml organ baths 
containing Krebs-Henseleit solution at 37° C and oxy- 
genated with a mixture of 5% carbon dioxide and 95% 
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oxygen. Changes in isometric force were monitored by 
transducers (Grass FTO3C, Grass Instrument Co., 
Quincy, Mass.) and recorded on a polygraph (Grass 
model 79D) or a Beckman recorder. 

The preparations were allowed to equilibrate during 
a period of 90 minutes. During this time the tissues 
were washed every 10 to 15 minutes and basal tension 
was repeatedly adjusted until the resting tension be- 
came stable at 1 g. A contraction to K* 90 mmol/L was 
obtained after the 90 minutes of equilibration and 
served as a control for the reproducibility of the con- 
tractions and as an internal standard for each vessel 


segment.” 


Cumulative dose-response curves to norepineph- 
rine (10°° to 3 X:10-° mol/L), serotonin (107° to 
3 x 107 mol/L), and K* (9 to 150 mmol/L) were ob- 
tained. Single concentrations of the vasoconstrictors 
(norepinephrine, 10~® mol/L, serotonin, 10~* mol/L, 
K* 90 mmol/L) were used in studies with vasoinhibitors 
because the responses to these vasoconstrictors were 
reproducible during’ the course of the experiment. 

The effect of calctum removal on the contractions 
induced by norepinephrine (107° mol/L), serotonin 
(10-° mol/L), and K* (90 mmol/L) was ascertained by 
omitting calcium chloride from the Krebs-Henseleit 
solution. Tissues were incubated for 30 minutes in 
the Ca**-free Krebs solution containing 0.1 mmol/L 
ethyleneglycol - bis - (B - aminoethylether) - N,N,N’,N’- 


‘tetraacetic acid (EGTA) (rinsed every 10 minutes) be- 
‘fore the application of a vasoconstrictor. This proce- 


dure. was repeated until the residual response to the 
vasoconstrictor was completely abolished. Then in the 
presence of a vasoconstrictor, Ca** was added to 
the bath in a dose-dependent fashion (0.25 to 2.5 
mmol/L) to restore contractile activity of the tissue. 

_. Two different procedures were used to examine the 
effects of nifedipine, D-600, and sodium nitroprusside 
on the contractile responses to norepinephrine, sero- 
tonin, and K*. In one group of experiments, after con- 
tractile control-responses to the vasoconstrictors were 
obtained, the tissues were treated with the vasoinhibi- 
tors for 30 minutes and then stimulated with the same 
agent. The tissues were washed extensively for 45 
minutes and the next higher concentration of the 
same vasoinhibitor was added. This procedure was 
repeated until the vasoinhibitor dose-response curves 
were completed. In the other procedure, when the 
contractile responses to norepinephrine or serotonin 
had stabilized, a vasoinhibitor was added to the bath 
in increasing concentrations to ascertain its effect 
on the precontracted arteries. To reduce sites of loss 
(neuronal uptake and metabolism by catechol-O- 
methyltransferase) of the amine agonists from the re- 
ceptor sites in the arteries, cocaine (10~*° mol/L) and 
tropolone (10~* mol/L) were added to the bath 20 min- 
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Fig. 1. Recordings to illustrate different responses to vasoconstrictors. Note decay of sustained 
contraction to K* 90 mmol/L (a) compared with norepinephrine. 107° mol/L (b) and serotonin 107° 
mol/L (c). Tension and minute markers apply for three vasoconstrictors. 


utes before adding the agonist. In the experiments in 
which serotonin was used as an agonist, prazosin hy- 
drochloride (1077 mol/L) was present in the organ bath 
to block a-adrenoceptors because serotonin has been 
shown to activate a-adrenoceptors in some tissues." 

The relative response of the agonists is expressed as 
a percentage of the maximal contraction to K* in that 
experiment. The drug concentration eliciting half- 
maximum contraction (EDs) was determined graphi- 
cally for each curve by linear interpolation.” 

The antagonist concentration to reduce the maxi- 
mum contractile effect to the agonist to 50% (IDso) was 
determined graphically for each curve by linear inter- 
polation. The relative potency of the antagonists was 
determined by the method of the 2-and-2 dose assay.’® 

Values are expressed as mean + SE, and statistical 
analyses were performed by the Student ż test. The level 
of statistically significant difference was considered to 
be p < 0.05. | 

The following drugs were used: cocaine hydrochlo- 
ride, serotonin creatine sulfate, sodium nitroprusside 
(Sigma Chemical Co., St. Louis), D-600 (A. G. Knoll 
Pharmaceutical Laboratories, Ludwigshafen, West Ger- 
many), l-norepinephrine bitartrate (Calbiochem Behr- 


ing Corp., La Jolla, Calif.), nifedipine hydrochloride, 
phentolamine methane sulfate (Ciba Pharmaceuticals, 
Summit, N.Y.) prazosin hydrochloride (Pfizer Inc., 
Brooklyn, N.Y.), and tropolone (Aldrich Chemical Co., 
Milwaukee, Wis.). 


Results 


Contractile responses. The addition of increasing 
concentrations of K* elicited strong concentration- 
dependent contractions of the uterine artery that were 
not affected by phentolamine (1077 mol/L). The half- 
maximum contractile response was reached at 51 + 5 
mmol/L Kt (n = 8). The maximum contractile re- 
sponse to K* was 7.2 + 0.5 mN (n = 8), and remained 
stable for 1 to 15 minutes. Conversely, the addition of 
a single concentration of K* (90 mmol/L) tnduced a 
contraction that was quick in onset, reached a maxi- 
mum, and in 62% of the tissues there was a progressive 
decrease in tension reaching the base line after 15 min- 
utes (Fig. 1, a). 

Norepinephrine (3 x 107? —3 x 107* mol/L) in- 
duced dose-dependent contractions with a maximal 
contractile response of 12.4 + 0.8 mN (173.4% + 
10.8% of K* maximum; n = 10). The concentration of 
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Stimulations in Ca2t+free 
+ EGTA (0.1mM) 
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Fig. 2. Effect of replacement of Krebs-Henseleit solution (1.8 mmol/L Ca**) with calcium-free 
solution containing EGTA (0.1 mmol/L) on the contractions induced by norepinephrine (NE) 
10~° mol/L, serotonin (5-HT) 107* mol/L, and K* 90 mmol/L. Tissues were stimulated every 30 
minutes in calcium-free solution until responses were completely abolished. In presence of stimu- 
lating agents, calcium was then added to bath in dose-dependent fashion (0.25 to 2.5 mmol/L). Each 
point is mean + SE of seven experiments. Asterisks indicate significant difference between corre- 


sponding points (p < 0.05). 


norepinephrine required to produce 50% of the max- 
imal response (ED;») was 1.8 + 0.3 x 107° mol/L. The 
addition of a single, submaximal concentration of nor- 
epinephrine (107° mol/L) to the tissue bath induced 
a fast and stable contraction of the uterine artery 
(160.0% + 6.2% of K* 90 mmol/L; n = 10). The con- 
traction to norepinephrine (1075 mol/L) remained sta- 
ble for more than 15 minutes (Fig. 1, b). 

Serotonin (1077 — 107* mol/L) induced concentra- 
tion-dependent contractions. The concentration of se- 
rotonin required to produce 50% of its maximal re- 
sponse (11.3 + 0.7 mN; n= 10) was 4.4 + 0.4 x 
107?” mol/L and the maximal response to that of the 
K* maximum was 156.3% + 9.1%, = 10. A submax- 
imal concentration of serotonin (107° mol/L) induced 
a contraction that was fast in onset and maintained a 
stable level of tension (143.3% + 5.1% of K* 90 
mmol/L, n = 10) for >15 minutes (Fig. 1, c). 

Calcium sources. Calcium removal from the Krebs- 
Henseleit solution and the addition of EGTA (0.1 
mmol/L) progressively reduced the response to the va- 


soconstrictors. After the second stimulation with K+ (90- 


mmol/L) or the fourth stimulation with norepineph- 
rine (10-> mol/L) or serotonin (107> mol/L), the con- 
tractile response to each of the respective vasoconstric- 
tors was completely abolished (Fig. 2). The subsequent 
administration of Ca** back to the Krebs-Henseleit 
solution caused the tissue to regain activity to the va- 
soconstrictors, even to small concentrations of Ca** 
(0.25 mmol/L). This recovery was more marked 
(p < 0.05) when norepinephrine or serotonin were the 


agonists than when the tissues were depolarized with 
potassium (Fig. 2). | 

Effect of pretreatment with nifedipine, D-600, and 
sodium nitroprusside. The effect of pretreatment of 
the tissues with the vasodilators against the contractile 
responses of norepinephrine (107° mol/L), serotonin 
(10~° mol/L), and K* (90 mmol/L) is represented in 
Figs. 3, A, 4, A, and 5, respectively. The collected IDs 
values and relative potencies are presented in Table I. 

Nifedipine was more active (p < 0.05) in inhibiting 
K* than norepinephrine, and serotonin induced va- 
soconstriction. D-600 more. effectively inhibited (p < 
0.05) Kt- and serotonin-induced contractions than 
norepinephrine-induced vasoconstricuons, whereas 
sodium nitroprusside was equieffective against the 
three agonists. 

Effect of nifedipine, D-600, and sodium nitroprus- 
side on precontracted arteries. The vasodilators in a 
concentration-dependent manner relaxed arteries pre- 
contracted with either norepinephrine (107° mol/L) or 
serotonin (10~* mol/L). The potency order for inhib- 
iting either norepinephrine or serotonin precontracted 
rings was the same:-sodium nitroprusside, D-600, ni- 
fedipine (Figs. 3, B, and 4, B). The ID» values, the 
relative potency of the vasodilators, and the maximum 
inhibitory effect are presented in Table II. 

_ A comparison of the inhibitory effects of the vaso- 
dilators on pretreated versus precontracted arteries in- 
dicated that D-600 was more active (p < 0.05) in in- 
hibiting norepinephrine and serotonin vasoconstric- 
tions when preincubated with the tissues than when 
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Fig. 3. Inhibitory effect of nifedipine (Nif), methoxyverapamil (D-600), and sodium nitroprusside 
(SNP) on isolated ring segments of late pregnant ovine uterine arteries contracted by 107 mol/L 
norepinephrine. A, Vasodilators were incubated for 30 minutes before re-adding norepinephrine 
(open symbols). B, Vasodilators were administered in increasing concentrations to norepinephrime- 
precontracted arteries (filled symbols). Vertical bars represent SE of five to seven experiments. 
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Fig. 4. Inhibitory effect of nifedipine (Nif), methoxyverapamil (D-600), and sodium nitroprusside 
(SNP) on isolated ring segments of late pregnant ovine uterine arteries contracted by 10-> mol/L 
serotonin. A, Vasodilators were incubated 30 minutes before re-adding serotonin (open symbols). B, 
Vasodilators were administered in increasing concentrations to serotonin-precontracted arteries (filled 
symbols). Vertical bars represent SE of five to seven experiments. 


administered to the precontracted arteries, whereas so- 
dium nitroprusside when administered to the norepi- 


nephrine- and serotonin-precontracted arteries was 


significantly more effective (p < 0.05) (Figs. 3 and 4). 


Comment 


The results in the present study illustrate the differ- 
ential inhibitory effect of mifedipine, D-600, and so- 
dium nitroprusside on contractile responses to nor- 
epinephrine, serotonin, and potassium. Potassium- 
induced (90 mmol/L) contractions were completely 


abolished after the second stimulation in the Ca* *-free 
medium. The contraction gradually recovered when 
Ca** was readded to the solution, indicating a com- 
plete dependency on extracellular Ca** of the con- 
traction to K*. Nifedipine was very active in antago- 
nizing the K*-depolarized response of uterine blood 
vessels. Because nifedipine has a marked selectivity for 
potential dependent Ca* channels in vascular smooth 
muscle,* it could’ be suggested that in the uterine artery 
Ca** influx through these channels is essential for the 
contraction of K* depolarization. The lack of effect of 
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Fig. 5. Inhibitory effect of nifedipine (Nif), methoxyverapamil (D-600), and sodium nitroprusside 
(SNP) on isolated ring segments of late pregnant ovine uterine arteries contracted by 90 mmol/L 
potassium chloride. Tissues were equilibrated with the vasodilators for 30 minutes before addition 
of potassium chloride. Vertical bars represent SE of five experiments. 


phentolamine (10~’ mol/L) on the K*-induced con- 
traction suggests that K* does not release norepineph- 
rine from adrenergic nerve terminals in the ovine uter- 
ine artery at term as was found by Fallgren and 
Edvinsson” in the guinea pig uterine artery, and might, 
in part, explain the decay of the tonic contraction to 
K+ (90 mmol/L) depolarization. 

On the other hand, norepinephrine- and s serotonin- 
induced contractions were much more resistant to Ca** 
removal. The addition of minimal quantities of 
Ca** (0.25 mmol/L) produced an almost complete re- 
covery of the maximal contractile effect to norepi- 
nephrine and serotonin. This suggests a high calcium 
sensitivity of the contractile system in the arterial 
smooth muscle of the ovine uterine artery from preg- 
nancy. As has been shown in the human and guinea 
pig uterine artery” vasoconstriction relies mainly on 
the presence of extracellular calcium and in the case of 
drug-induced contractile peaponics also on an intra- 
cellular pool of calcium. 

` Nifedipine was the least active of the three vasodi- 
lators in inhibiting the contractions induced by nor- 
epinephrine or serotonin. Neither pretreatment of 
the tissues with the highest concentrations of ni- 
fedipine (10-* mol/L) nor administration of nifedi- 
pine (10-® to 107‘ mol/L) to the precontracted arteries 
completely abolished, norepinephrine- and serotonin- 
induced vasoconstriction. These results are consistent 
with the findings that norepinephrine and serotonin 
activate respectively a,-adrenergic and 5HT, (seroto- 
nergic) receptors’ "' and presumably Ca** influx oc- 
curs through receptor operated nifedipine insensitive 
Ca** channels. It ‘might be suggested that the use of 
nifedipine for the treatment of pregnancy-induced hy- 


pertension requires further study because even though 
it might decrease maternal blood pressure it does not 
block the vasoconstrictor response to norepinephrine 
and serotonin and therefore would not be expected to 
cause vasodilatation in the uterine vasculature if these 
amines were involved in the hypertension. This obser- 
vation is in agreement with the results obtained by Veille 
and coworkers"? with pregnant animal models in which 
nifedipine did not alter the uterine How appreciably 
and did not cause excessive hypotension. However, as 
a second-line antihypertensive drug in pregnancy in a 
slow release preparation, nifedipine has been found 
to’ be an, effective antihypertensive: in human pa- 
tients." 

In this study when D-600 was incubated with the 
uterine arteries, the contractile responses to’serotonin 
and K* were more effectively inhibited than those to 
norepinephrine. D-600, when preequilibrated with the 
tissue, was 30 times more active than nifedipine 
and sodium nitroprusside in inhibiting the serotonin- 
induced vasoconstriction, whereas it was 10 times less 
active than nifedipine i in inhibiting the contraction to 
K* depolarization. These results taken together suggest 


that D-600 is very active in blocking serotonin-induced 


vasoconstrictions. These results are in agreement with 
those of Auguet and.colleagues”® in studies on isolated 
rabbit aorta in which they found that D-600 and ver- 
apamil in addition to blocking potential dependent cal- 
cium channels can also interact with certain’ neurotrans- 
mitter receptors and are very potent competitive an- 
tagonists of serotonin-induced vasoconstrictions. In the 
uterine artery, D-600 seems to be somewhat more se- 
lective in blocking serotonin receptors and therefore it 
might be best characterized as a Ca**-serotonin an- 
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Table I. Inhibitory effect of nifedipine, sodium nitroprusside, and D-600 on the contractile responses to 
norepinephrine (107° mol/L), serotonin (1075 mol/L), and high extracellular potassium (90 mol/L) in the 
late pregnant ovine uterine artery 












Norepinephrine (10~’ mol/L) Serotonin (10°? mol/L) K* (90 mmol/L) 





Relative potency 


IDo (mol/L) Relative potency IDs, (mol! L) Relative potency ID se (mol/L) 
Nifedipine 1.38 + 0.4 x 107% OTI 2.04 + 0.4 x 107° 0.036 1.95 + 0.9 x 107°* 11.64 
Sodium 2.05 + 0.5 x 107° 0.59 7.80 + 0.5 x 107° 0.031 8.40 + 0.7 x 107° 0.09 
nitroprusside 
D-600 4.98 + 0.6 x 10° 1.00 3.30 + 0.3 x 1077 1.000 2.15 + 0.4 x 1077 1.00 


The vasodilators were allowed to equilibrate with the tissues 30 minutes before a subsequent stimulation was obtained. The 
concentration of vasodilator reducing the maximum contractile effect to 50% (IDs9) was determined graphically by linear inter- 
polation. Relative potency of the vasodilators was determined by the method of the 2-and-2 dose assay" by assigning D-600 a 
potency of 1. Values are mean + SE of five to seven different animals. 


*Significant differences of a vasodilator between vasoconstrictors (p < 0.05). 


Table II. Inhibitory effect of nifedipine, sodium nitroprusside, and D-600 on the contractile responses to 
norepinephrine and (10~* mol/L) and serotonin (107* mol/L) in the late pregnant ovine uterine artery 


Norepinephrine 
ID sg (mol/L) Imax (%) Relative potency ID yy (mol/L) Imax (%) Relative potency 


Serotonin 


Nifedipine 96+0.3 x 1076 54.8 + 3.9 0.98 + 0.4 x 10° 37.0 + 4.1 0.44 

Sodium 71+04x 107" 93.1 + 2.5 11.02 oe + 0.6 x 107? 83.8 + 5.4 1.47 
nitroprusside 

D-600 6.9 + 0.5 x 107 63.6 + 4.0 1.00 4.7 £ 0.9 x 10° 91.3 + 2.9 1.00 


The vasodilators were administered at increasing concentrations to the precontracted arteries. The concentration of vasodilator 
relaxing the precontracted artery to the 50% (IDso) level was determined graphically by linear interpolation. Imax refers to the 
greatest inhibition observed to that vasodilator. Relative potency of the vasodilators was determined by the method of the 2-and- 
2 dose assay,” by assigning D-600 a potency of 1. 


*Significart difference between the same treatment for the two vasoconstrictors (p < 0.05). 


tagonist rather than as a pure Ca** entry blocker. Ac- 
cordingly, tne significantly higher inhibitory effect of 
D-600 on the phasic rather than on the sustained com- 
ponent of the serotonin-induced contraction could be 
explained by its competitive antagonism on the sero- 
tonin receptor. The combined Ca**-serotonin an- 
tagonism might be of interest in the treatment of 
pregnancy-induced hypertension. In this sense Serafini 
and collaborators’ reported that D-600 administered 
intravenously to patients decreased the maternal blood 
pressure without compromising the fetus. 

On the other hand, the sustained rather than the 
phasic component of the serotonin- or norepinephrine- 
induced contraction was more effectively blocked 
(p < 0.05) by sodium nitroprusside. This differential 
inhibitory effect of sodium nitroprusside might indicate 
that several Ca** pathways can be activated by these 
agonists during the course of the contraction. In this 
sense it has been suggested in vascular smooth muscle 
that contractile responses to vasoactive agonists such as 
norepinephrine and serotonin are initiated by intra- 
cellular Ca** release and maintained by an influx of 
extracellular Cat*.'* °° Hence, in the uterine artery, 
sodium nitroprusside, seems to be blocking the influx 


of extracellular Ca** rather than affecting the intra- 
cellular Ca** pools. It is of particular interest to note 
that sodium nitroprusside can effectively inhibit the 
sustained contractions to norepinephrine and seroto- 
nin in the isolated ovine uterine artery, whereas a sus- 
tained contraction of the uterine vasculature in vivo 
might compromise the fetus. 

Contradictory results have been obtained when so- 
dium nitroprusside was administered to reverse hy- 
pertension in chronically instrumented pregnant ewes. 
Some animals required high rates of infusion of 
sodium nitroprusside (25 wg/kg/min)?" *; whereas for 
others, low rates of infusion (<1 to 3 pg/kg/min) were 
enough to maintain the desired 20% decrease in mean 
maternal pressure.*** In the former no change or de- 
creased uterine blood flow was reported and fetal death 
occurred within 30 minutes of cessation of sodium ni- 
troprusside infusion because of cyanide toxicity. How- 
ever, in the latter the safety of this therapy for both 
mother and fetus was shown. Whereas caution must be ` 
taken in the extrapolation of data from in vitro studies, 
our results with sodium nitroprusside in isolated late 
pregnant ovine uterine artery confirm the results ob- 
tained by Nelson and Suresh™ in pregnant and non- 
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pregnant human uterine arteries and provide a ratio- 
nale for the use of sodium nitroprusside in hyperten- 
sive emergencies in pregnant patients if standard ther- 
apy has failed. 

In conclusion, the results of this study show that ni- 
fedipine, D-600, and sodium nitroprusside induce di- 
latation of uterine arteries from near-term pregnany 
ewes: (1) nifedipine effectively inhibits K*-induced 
contractions but is relatively ineffective in blocking 
norepinephrine- and serotonin-induced contractions; 
(2) D-600 is more effective on the phasic than on the 
tonic component of the contractions to norepinephrine 
and serotonin and is specifically active in inhibiting 
serotonin-induced contractions, being best character- 
ized in this tissue as a Ca**-serotonin antagonist rather 
than as a pure Ca** entry blocker; and (3) sodium 
nitroprusside preferentially inhibits the sustained tonic 
component of norepinephrine- and serotonin-induced 
vasoconstrictions. 
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Fetal and maternal response to intravenous infusion of a 
thromboxane synthetase inhibitor 


John P. Cardin, Jr., MD, Michael G. Ross, MPH, MD, M. Gore Ervin, PhD, 
A. Victoria Schaffer, MD,” Frank L. Douglas, PhD, MD,” and John P. Simke” 


Torrance, California, and Summit, New Jersey 


Pharmacologic inhibition of thromboxane synthetase activity has reversed the clinical manifestations of 
toxemia in the ovine model. To investigate placental transfer and fetal effects of a selective thromboxane 
synthetase inhibitor, CGS13080 (Ciba-Geigy, Summit, N.J.) was intravenously infused into eight 
singleton- or twin-bearing ewes near term. During CGS 13080 infustion (0.1 mg/kg/hr), maternal 
steady-state CGS 13080 levels of 102 + 18 ng/ml were achieved within 30 minutes and maternal serum 
thromboxane generation decreased significantly (13 + 3 to 4 + 1 ng/ml). However, fetal serum levels of 
CGS 13080 were only 4% of peak maternal concentrations and fetal serum thromboxane generation did 
not change. Thers was no evidence of change in uterine blood flow, maternal or fetal blood pressure, 
heart rate, blood gas values, or fetal or maternal metabolites of.prostacyclin or prostaglandin E, during the 
study. We speculate that CGS 13080 may be efficacious in the treatment of human pregnancy-induced 


hypertension. (Am J Osstet Gynecot 1990;163:1345-9,) 


Key words: Pregnancy-induced hypertension, thromboxane synthetase inhibitor, pregnancy, 


CGS 13080, sheep 


Pregnancy-induced hypertension is a leading cause 
of maternal and perinatal morbidity and mortality and 
occurs in approximately 6% of all pregnancies.’ Al- 
though the precise cause of pregnancy-induced hyper- 
tension is unknown, alterations in prostaglandin me- 
tabolite production are believed to be central to the 
pathophysiology. Several investigators have suggested 
that a prostacyclin deficiency occurs in both maternal 
and fetal circulations.*’ This may result in an imbalance 
in the prostacyclin-to-thromboxane ratio and account 
for the many clinical manifestations of pregnancy- 
induced hypertension. Recent evidence indicates that 
selective thromboxane synthetase inhibitors may be 
efficacious in the treatment of pregnancy-induced 
hypertension. In several case reports women with 
pregnancy-induced hypertension showed clinical im- 
provement in response to infusion of a thromboxane 
synthetase inhibitor.* ° In an ovine toxemia. model 
(starvation-induced) Keith et al.'° demonstrated com- 
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plete reversal of the pathophysiologic changes and a 
significant increase in plasma prostacyclin levels after 
intravenous thromboxane synthetase inhibitor admin- 
istration. Although a thromboxane synthetase inhibitor 
may have clinical efficacy, there is limited knowledge 
of the effects of maternal infusion on the fetus. 

The purpose of this study was to quantitate the pla- 
cental transfer of the thromboxane synthetase inhibitor 
CGS 13080 (Ciba-Geigy, Summit, N.J.) when infused 
to the maternal ewe and to determine the effects of 
CGS 13080 on both ovine maternal and fetal prosta- 
glandin levels during maternal drug infusions. 


Material and methods 


Eight Western mixed-breed ewes with both singlet 
(n = 5) and twin (n = 3) fetuses were studied at a 
mean (+ SEM) gestation of 132 + 2 days. Guidelines 
for the care and use of animals approved by Harbor— 
University of California at Los Angeles Medical Center 
were followed. The animals were housed indoors in 
individual steel cages and were acclimated to surround- 
ings for at least 4 days before operation. All animals 
were operated on between 124 and 130 days’ gestation 
and allowed 4 to 5 days of recovery before study. 

At operation, anesthesia was induced by an intra- 
muscular injection of ketamine hydrochloride (750 mg) 
followed by continuous intravenous infusion of keta- 
mine (600 mg/hr) and locally applied lidocaine (1%). 
After sterile preparation and draping, a midline inci- 
sion exposed both uterine horns. After the position of 
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the fetus was determined, a single hind leg was exposed 
through a small hysterotomy. Polyethylene catheters 
(inside diameter, 1.0 mm; outside diameter, 1.8 mm) 
were inserted in the dorsal hind limb vein and artery 
and threaded to the inferior vena cava and abdominal 
aorta, respectively. Before hysterotomy closure, a plas- 
tic catheter (Corometrics Medical System, Inc., Wall- 
ingford, Conn.) was sutured to the fetal hind limb. If 
twins were present, the above procedure was repeated 
for the second fetus. In four animals the left uterine 
artery was isolated and an electromagnetic flow probe 
(Dienco, Los Angeles) was sutured in place. All cath- 
eters were exteriorized to the maternal flank and placed 
in a cloth pouch sewn to the ewe’s flank. The maternal 
artery and vein were.'catheterized at the femoral tri- 
angle and threaded to the descending aorta and infe- 
rior vena cava, respectively. To maintain catheter pa- 
tency, the fetal vascular catheters were filled with 1000 
U/ml of sodium heparin and maternal catheters with 
10 U/ml of sodium heparin. Catheters were sealed with 
sterile caps and flushed daily. Ewes were administered 
intravenous gentamicin 80 mg, chloromycetin 600 mg, 
and oxacillin 500 mg before operation and twice daily 
for 3 days after operation. © | 

Experimental protocol. Experiments were per- 
formed on unanesthetized animals after a minimum 
of 5 days of recovery. Animals were studied in the 
same individual cages in which they were maintained. 
All animals were weighed before drug infusion. 
The thromboxane synthetase inhibitor imidazo-(1,5-2)- 
pyridine-5-hexanoic acid (CGS_ 13080) obtained in a 
powdered form was dissolved in water to achieve a final 
concentration of 0.67 mg/ml. To effectively dissolve 
CGS 13080 into solution, the pH was adjusted to 7.4 
with 50 mmol/L Tris base and the temperature raised 
to 40° to 45° C. 

The study design included a 30-minute control pe- 
riod (—30 to 0 minutes), a 3-hour infusion (0 to 180 
minutes) of CGS 13080 (0.1 mg/kg/hr) into the ma- 
ternal venous catheter and a recovery phase (180 to 
360 minutes). Fetal and maternal arterial blood samples 
(2.5 ml) were obtained at — 30, 0, 30, 60, 120, 180, 240, 
300, and 360 minutes. In two of the three pairs of twins 
both fetuses were sampled and monitored. An arterial 
blood sample (1 ml) was collected at each time interval 
and allowed to clot at 37° C for 1 hour before centrif- 
ugation. Serum was stored at — 20° C until assayed for 
the serum prostaglandin metabolites prostaglandin E, 
(PGE,), 6-keto-prostaglandin Fa (6-keto-PGF,,), and 
thromboxane B, (TXB.). In addition, 1 ml of blood was 
collected in 10 wl of 0.1mol/L lithium heparin, and an 
aliquot was taken to measure the hematocrit before 
centrifugation. The plasma was stored at — 20° C until 
assayed for CGS 13080. Finally, 0.5 ml of blood was 
collected in a heparinized tuberculin syringe for im- 
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mediate measurement. of pH, Po, and Pco,. Blood 
gases and pH were determined at 39° C with a Bm 33 
MK2-PHM 72 MKS acid-base analyzer system (Radi- 
ometer Co., Copenhagen). After each sample, the fetal 
blood’ was replaced with an identical volume of mater- 
nal heparinized blood withdrawn before the study. Ma- 
ternal samples were replaced with saline solution. Fetal 
and maternal arterial blood pressure, heart rate, and 
amniotic pressures were continuously monitored with 
an R-612 physiologic recorder (Beckman, Palo Alto). 
Fetal pressures were corrected for amniotic fluid pres- 
sures. 3 

Determination of plasma CGS 13080 concentration. 
CGS 13080 concentrations were determined by high- 
performance liquid chromatography analysis." Briefly, 
plasma samples (100 wl) were added with standard CGS 
13080 (100 ng in 25 pl) and diluted with distilled water 
(1 ml). The mixture was loaded onto a 1 ml Bond Elut 
SCX minicolumn (Analytichem, Harbor City, Calif.} 
previously washed with distilled water (3 ml). CGS 
13080 was then eluted with 2 ml of 4% ammonium 
hydroxide in methanol. The eluent was evaporated to 
dryness under nitrogen and reconstituted in 250 pl 
before high-performance liquid chromatography anal- 
ysis. An aliquot (50 wl) of the extract was injected onto - 
a Beckman Ultrasphere C18 analytical- column. The 
flow rate was 1.5 ml/min and the eluent was monitored 
for fluorescence with a model 980 detector (The An- 
spec Co., Ann Arbor) equipped with a 418 nm filter. 
Calibration was performed with authentic CGS 13080 
in blank human plasma samples. The limit of detection 
of CGS 13080 was 5 ng/ml. Standard curves were linear 
over the entire range of detection from 5 ng/ml to 
3 pg/ml. The interassay variation was 3%. Chroma- 
tograms for controls (blank) plasma samples did not 
contain any peaks at the retention time for CGS 13080. 
Because of the limit of sensitivity, measurable back- 
ground interference was noted in blank plasma sam- 
ples. Background. values obtained during the control 


- period were subtracted from each value obtained dur- 


ing the infusion and recovery periods. 

Eicosanoid assays. Measurements of serum TBX,, 
6-keto-PGF,,, and PGE, were performed by radioim- 
munoassay. Prostanoid metabolite standards were ob- 
tained from The Upjohn Company, Kalamazoo, and 
stock solutions of 1 mg/ml in 10% (v/v) acetonitrile in 
water were prepared, diluted to 100 ng/ml, and stored 
at 4° C. Dilutions of standard compounds ranging from 
0.072 to 18 ng/ml or of unknown samples were made 
in 0.05 mol/L Tris hydrochloride (pH 6.8) containing 
0.9% (sodium chloride, 0.3% bovine serum albumin, 
0.05% sodium azide, and 0.01 mol/L ethylenediamine 


tetraacetic acid to construct a standard curve. The 50% 


binding level of the standard curve was 1.5 ng/ml. 
Iodine 125 methyl esters of TXB,, 6-keto-PGF,, and 
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PGE., all at 2200 Ci/mmol, were obtained from Ad- 
vanced Magnetics, Inc., Cambridge, Mass. as were rab- 
bit antisera to TXB», 6-keto-PGF,,, and PGE». Samples 
were assayed in duplicate. Standards or samples were 
mixed with 'I-tracer (12,000 cpm), and the appro- 
priate rabbit antiserum (all reagents at predetermined 
optimal levels) was added. The mixture was incubated 
for 16 hours at 4° C-in 25 X 75 mm tubes, and then 
an excess of goat antirabbit antibody bound to para- 
magnetic particles was added. The magnetic complexes 
were separated by attraction to the tube wall by means 
of a magnetic rack. The bound radioactivity was de- 
termined with a Laboratory Technologies 25-well y- 
counter. Sample dilutions were adjusted to give results 


falling between 20% and 80% of maximum binding; 


under these conditions the lowest quantifiable value was 
0.3 ng/ml. Intraassay variation between replicates was 
5% and total interassay variance was 12%. 

Calculations and statistics. The steady-state mater- 
nal plasma CGS 13080 clearance rate was calculated as: 
Infusion rate of CGS 13080/(CGS 13080 concentra- 
tion at steady state). Mean residence time was calculated 
as: Plasma volume/Plasma clearance rate, where the 
plasma volume was calculated on the basis of an as- 
sumed blood volume of 56 ml/kg for the adult ewe.” 

All values are reported as mean + SEM. Differences 
over time were assessed by one-way analysis of variance. 
If a significant F test was present, Dunnett’s test was 
applied to compare control means to each group 
mean. 


Results 


In response to intravenous infusion of CGS 13080, 
the maternal plasma CGS 13080 levels increased to 
102 + 18 ng/nl. A steady-state concentration was 
achieved by 30 minutes of infusion. After discontin- 
uation of the infusion, maternal plasma CGS 13080 
decreased linearly toa nadir of 10 + 6ng/mlat3 hours 
of recovery (Fig. 1). Fetal plasma CGS 13080 became 
detectable during maternal infusion (4.2 + 0.5 ng/ml, 
p < 0.05) at levels approximately 4% of peak maternal 
values. However, fetal plasma CGS 13080 was nonde- 
tectable by the end of the 3-hour recovery period. 

As expected, maternal serum TXB, decreased sig- 
nificantly (13.2 + 2.9 to 3.6 + 0.9 ng/ml, p < 0.05) 
during CGS 13080 infusion and the levels returned to 
near normal at the completion of the recovery phase. 
However, fetal serum TXB, did not change significantly 
(p > 0.05) during the study (Fig. 1). Maternal and fetal 
6-keto-PGF,, and PGE, levels did not change during 
the study (Fig. 1). 

The steady-state plasma clearance was 16.3 
ml/min/kg and the mean residence time was 2.80 
minutes. 

Maternal or fetal heart rate, mean arterial pressure, 
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Fig. 1. Maternal and fetal plasma CGS 13080, TXB», 6-keto- 
PGF,,, and PGE, concentrations before, during, and after in- 
fusion of CGS 13080 to pregnant ewes. Asterisk, p < 0.05 ver- 
sus mean basal value. 


arterial blood gas, hematocrit, uterine blood flow, and 
amniotic fluid pressures did not change (Table I). 


Comment 


During normal pregnancy the production of pros- 
tacyclin increases by fivefold.'* Available evidence sup- 
ports the view that this increase contributes to the over- 
all physiologic vasodilatation and decreased vascular 
resistance characteristics of early gestation. However, 
for unknow}: reasons a prostacyclin-deficiency state 
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Table I. Maternal and fetal arterial values (mean + SEM) before, during, and after infusion of CGS 


13080 to the maternal ewe 


Maternal (n = 8) 
‘Hematocrit (%) 98.0 + 0.5 28.0 +'0.7 97.8 £ 0.4 
pH } 7.47 + 0.01 7.47 + 0.02 7.49 + 0.01 
Heart rate (beats/min) 118 +5 113 + 3 1144+ 5 
Mean arterial pressure (mm Hg) 18 = 3 79 +2 83 + 3 
Uterine blood flow (ml/min) 304 + 14 297 + 10 312 + 10 
Fetal ín = 10) 
Hematocrit (%) l 34.6 + 1.1 34.7 + 0.7 34.5 + 0.8 
pH 7.35 + 0.02 7.35 +.0.01 7.38 + 0.02 
Heart rate (beats/min) 166 + 5 162 + 3 161 + 4 
Mean arterial pressure (mm Hg) 53 41 5il 52 + 
Amniotic fluid pressure (mm Hg) 5.9 + 1.2 62:2 1:2 -© FO+13 


may develop in pregnancies predestined to have pre- 
eclampsia.*’ There is increasing evidence that patients 
with mild to severe pregnancy-induced hypertension 
show enhanced platelet activation and consumption” 
while placentas of patients with pregnancy-induced hy- 
pertension exhibit increased generation of thrombox- 
ane in vitro. This results in an imbalance of throm- 
boxane (vasoconstrictor) and prostacyclin (vasodilator). 
If the role of this imbalance is central to the patho- 
physiologic features of preeclampsia, then the use of 
selective inhibitors of thromboxane synthetase may be 
beneficial. Clinical studies with selective thromboxane 
synthetase inhibitors in pregnancy-induced hyperten- 
sion are limited. An orally active thromboxane synthe- 
tase inhibitor (UK-37,248 or Dazoxiben, Pfizer Central 
Research, London) administered to 13 severely toxemic 
patients remote from term*°® was shown to yield ap- 
parent clinical improvement. Six cases resulted in peri- 
natal death attributed to prematurity and severe 
growth retardation, and seven resulted in live births. 
The majority of research relative to the use of selec- 
tive thromboxane synthetase inhibitors in pregnancy 
has used the ovine toxemia model as described by 
Thatcher and Keith.” Twin-bearing ewes starved for 
72 hours develop many of the clinical manifestations 
of human toxemia. The clinical manifestations of hy- 
pertension, altered renal function and serum chemis- 
try, and enhanced platelet aggregation can be reversed 
by use of selective thromboxane synthetase inhibitors 
(U-63,557A, The Upjohn Co., and CGS 13080).'***° 
CGS 13080 is a potent, selective inhibitor of throm- 
boxane synthetase with an immediate onset of action 
and ‘rapid clearance.” The in vitro potency of CGS 
13080 as a thromboxane synthetase inhibitor is fivefold 
to sixfold greater than toward the other enzymes in- 
volved in arachidonic acid metabolism. Therefore the 
other prostaglandin endoperoxidase pathways are pre- 
served. Although controversial, infusion of CGS 13080 
to healthy humans does not result in a change from 
basal prostacyclin levels.'*°° This is in accordance with 


our study, which demonstrated no significant change 
in maternal 6-keto-PGF,,. or PGE, during CGS 13080 
infusion. However, an endoperoxide shunt may pos- 
sibly occur in response to thromboxane synthetase in- 
hibitors during pathologic conditions. 

Steady state was obtained within 30 minutes, with 
>75% inhibition of maternal serum thromboxane gen- 
eration. Serum levels of thromboxane were reported 
because platelet aggregation ex vivo represents the 
most sensitive indicator of thromboxane generation.” 
As illustrated during the recovery phase, the admin- 
istration of CGS 13080 resulted in a time- and dose- 
related inhibition of arachidonic acid—induced platelet 
aggregation ex vivo. The rapid clearance of CGS 13080 
is consistent with data from nonpregnant human vol- 
untéers.'” The drug is known to be metabolized to an 
inactive form in the liver, which is later excreted by the 
kidney.” Clinically, because of rapid plasma clearance, 
there is potential for titration during intravenous in- 
fusion. 3 

This study demonstrated no effect on maternal or 
fetal blood pressure, heart rate, or uterine blood flow 
during the infusion. The absence of hypotension is in 
agreement with human studies that imply that throm- 
boxane generation contributes little to the maintenance 
of systemic blood pressure during normotension. Un- 
like administration of a thromboxane synthetase inhib- 
itor to the ovine toxemia model, which produced a rise 
in uterine blood flow, our results suggest that uterine 
blood flow in the normotensive ewe may be indepen: 
dent of platelet thromboxane generation. 

Significant CGS 13080 levels were found in fetal 
plasma during maternal infusions. However, these rep- 
resented only 4% of peak maternal levels. CGS 13089 
is known to be 96% protein-bound in plasma and poorly 
lipid-soluble,” factors that may account for the low fetal 
plasma levels. More important, these low fetal CGS 
13080 levels were not associated with any significant 
changes in thromboxane generation from fetal plate- 
lets. These pharmacokinetics are limited to the ovine 
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model as there are significant placental structural dif- 
ferences in comparison with humans.” 

We speculate that CGS 13080 may be potentially use- 
ful in treating and/or preventing pregnancy-induced 
hypertension. Preliminary reports suggest that pro- 
phylactic low-dose aspirin may be efficacious in the pre- 
vention of pregnancy-induced hypertension.™ ** Low- 
dose aspirin suppresses platelet thromboxane biosyn- 
thesis through inhibition of cyclooxygenase, which also 
could potentially affect the prostacyclin pathway.” The 
prostacyclin pathway is preserved during infusion of 
CGS 13080 under physiologic conditions.’* Further- 
more, the possibility exists that under pathologic con- 
ditions CGS 13080 may result in increased prostacyclin 
production as a result of an endoperoxide shunt. 
The armamentarium for the treatment of pregnancy- 
induced hypertension may include low-dose aspirin, 
thromboxane receptor inhibitors, or thromboxane syn- 
thetase inhibitors such as CGS 13080. 


Special acknowledgement for their assistance in the 
preparation of this manuscript goes to Dr. Allan Wong 
and Ms. Barbara Barna-Andrusko for the plasma CGS 
13080 measurements. 
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Long-term maternal-fetal exposure to high-low insulin 
concentrations alter liver but not brain insulin receptors 


S. Devaskar, MD, K. C McNerney, MD, L. Holtzclaw, BS, and F. i MD 


St. Louis, Missouri 


We investigated the effects of long-term (5 to 6 days) in vivo exposure to hyperinsulinemia and 
hypoinsulinemia on maternal and fetal rat (18 to 20 days’ gestation; term ~ 21 days) brain and liver insulin ~ 
receptors. Further we studied the in vitro effects of long-term insulin exposure on cultured rabbit neuronal 
cell insulin receptors. Long-term glucose infusions to maternal rats resulted in maternal and fetal 
hyperglycemia and mild hyperinsulinemia, which decreased the liver insulin receptor abundance of the 
mother but increased that of the fetus. Streptozotocin-induced maternal diabetes resulted in maternal and 
fetal hyperglycemia with hypoinsulinemia (or near-normal insulin levels) and: increased maternal and fetal 
liver insulin receptors. The maternal and fetal brain insulin receptor abundance failed to change at high or 
low insulin concentrations. Similarly long-term insulin (5 ug/ml) exposure failed to alter cultured neuronal 
cell insulin receptors as well. We conclude that perturbations in maternal and fetal circulating insulin 
concentrations fail to affect the brain insulin receptors. This protective phenomenon may be critical in 
maintaining the normal neuronal energy balance and functioning during certain disease states such as 
diabetes mellitus and hyperinsulinism. (AM J OBsteT GYNECOL 1990;163:1350-6.) 


Key words: Brain, insulin, receptor, fetal, down-regulation 


Diabetes in pregnancy results in various metabolic 
changes that adversely affect both the mother and the 
fetus. Type I diabetes results in low insulin concentra- 
tions with concomitant hyperglycemia,’ while type II 
diabetes is an insulin-resistant state associated with high 
insulin concentrations and hyperglycemia.’ In both 
types maternal hyperglycemia is reflected in the fetus, 
causing hyperinsulinemia, a state that is responsible for 
potentiating fetal growth in the third trimester and 
causing macrosomia and: organomegaly.? To support 
the fact, that insuliri is a fetal growth promoter, there 
are states of fetal hypoinsulinemia such as pancreatic 
agenesis or transient diabetes of the newborn, which 
cause hyperglycemia and intrauterine growth retar- 
dation.’ Recent evidence in various animal species,” ° 
including adult man,® demonstrates that circulating in- 
sulin crosses the blood-brain barrier and gains access 
to the brain via the cerebrospinal fluid. In vitro insulin 
has been demonstrated to potentiate the growth of both 
neurons’ and glial cells,® raising the question of whether 
a similar biologic (hormonal) action occurs in vivo. 
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- Insulin receptors mediate insulin action within a cell.’ 
Down- or up-regulation of insulin receptors is associ- 
ated with concomitant metabolic changes.’ Long-term 
exposure of various adult tissues to high or low insulin 
concentrations results in either down- or up-regulation 
of the insulin receptors along with altered metabo- 
lismi.'*" Fetal insulin, receptors, on the other hand, are 
resistant and have been demonstrated to up regulate 
in response to high insulin concentrations,’ ® causing 
a blunting effect of the hormone on fetal metabolism.** 

Despite the demonstration of circulating insulin gain- 
ing access to the cerebrospinal fluid in various. an- 
imal models,*® the non-pregnant adult brain insulin 
receptor has expressed unique resistance to pertur- 
bations in the circulating insulin concentrations.’ '® 
Short-term administration of insulin both systemically 
and intracranially failed to down regulate the fetal rab- 
bit brain insulin receptor." However, in vitro, long- 
term rather than short-term exposure to insulin re- 
sulted in a down-regulation of chick embryo neuronal 
insulin receptors. If a similar phenomenon occurred 
in the in vivo situation, long-term exposure of the ma- 
ternal and fetal brain to high insulin concentrations 
would result in insulin receptor changes, which in turn 
could alter brain metabolism and growth. This is of 
concern, especially during the fetal stages of develop- 
ment, when neurogenesis is actively taking place.'? We 
therefore undertook a study to investigate this possi- 
bility in the in vivo situation i the rat as an 
animal model. 
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We produced two models: (1) a model in which both 
the mother and the fetus were chronically exposed to 
hyperinsulinemia and (2) a model in which both of 
them were exposed to hypoinsulinemia, and then the 
effects on the maternal and fetal brain and liver cross- 
linked insulin receptor abundance were studied. 


Methods 


Animals, The guidelines for the care and use of all 
animals as approved by St. Louis University were fol- 
lowed. 

In vivo experiments. Timed pregnant Sprague-Dawley 
rats (term ~21 days) were used for these studies. Ma- 
ternal and fetal hyperinsulinemia, together with high 
glucose concentrations, was produced in vivo by infus- 


ing glucose (n = 5) (controls, n = 4, received sterile 


distilled water infusions) into the mothers (for 5 days; 
24% of gestation). Low insulin concentrations with 
hyperglycemia were produced by streptozotocin treat- 
ment (n = 4) (controls, n = 5, received saline so- 
lution injections), resulting in 6 days of hypergly- 
cemia (28% of gestation), as described previously.” 
Briefly 13-day-pregnant rats were administered pen- 
tobarbital for anesthesia and underwent cannulation of 
the external jugular vein. At 24 hours after the surgical 
procedure, maternal and fetal hyperglycemia with hy- 
perinsulinemia was produced in some rats by admin- 
istration of a 30% glucose-in-water infusion at a rate of 
17 mg/kg/min. The controls, on the other hand, re- 
ceived a sterile distilled water infusion at a similar rate 
until 18 to 20 days of gestation. Maternal diabetes was 
induced in 12-day-pregnant rats by intraperitoneal in- 
jections of streptozotocin (60 mg/kg), while the controls 
received saline solution injections alone. Maternal tail 
vein glucose values were monitored by Chemstrip bG 
(Boehringer-Mannheim, Indianapolis), 48 hours (14 to 
15 days’ gestation) after the initiation of the infusions 
or the streptozotocin treatment. Before removal of the 
maternal and fetal organs, plasma was obtained from 
mothers and fetuses (at 18 to 20 days’ gestation). The 
glucose concentrations were determined by the glucose 
oxidase method of Yellow Springs Instrument Co., Yel- 
low Springs, Ohio,” and the insulin concentrations 
were measured by a radioimmunoassay.” Statistical dif- 
ferences between the two groups (treatment versus re- 
spective control) were determined by Student’s ¢ test. 
Maternal and fetal brains and livers were obtained at 
18 to 20 days’ gestation and crude membranes were 
prepared by differential centrifugation.” Membrane 
protein content was determined by the Bio-Rad assay 
(Bio-Rad Laboratories, Richmond, Calif.).* 

Brain cell preparation. Neuron-enriched cultures” 
were prepared from fetal-neonatal rabbits and char- 
acterized as previously described.” The rabbit was 
chosen for in vitro studies as the cellular yield is higher 
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and we have extensively characterized the rabbit neu- 
ronal cells by immunocytochemistry.” The purity of the 
neuronal cultures was determined to be ~85% by pos- 
itive staining of cells for the neuron-specific enolase 
enzyme,” while glial contamination was determined by 
the presence of glial fibrillary acidic protein staining of 
cells. The neuron-enriched cultures were maintained 
in 10 ml of a serum-free defined medium, which con- 
tained a high p-glucose concentration’? (3 mg/ml) ei- 
ther with or without porcine insulin (Eli Lilly & Co., 
Indianapolis) (5 pg/ml) for a period of 5 days. The 
cells were then washed extensively and scraped with a 
rubber policeman before homogenization and centrif- 
ugation.™ Protein content in the membrane pellet was 
determined by the Bio-Rad dye-binding assay.” 

Iodine 125—insulin—binding assay. Porcine insulin 
(Eli Lilly & Co.) was iodinated to a specific activity of 
100 to 150 pCi and used as a ligand.” A '*I-insulin— 
binding assay with 0.5 mg of membrane protein was 
carried out as previously described by us.” Briefly, '°*I- 
insulin was incubated at 4° C in the presence (nonspe- 
cific) or absence of 1 x 107° mol/L native insulin along 
with the membrane and 1% bovine serum albumin in 
a final volume of 0.5 ml of Hepes buffer, pH 7.8. The 
bound fraction was separated from the free fraction by 
centrifugation. The '*I-insulin~bound receptor was 
cross-linked with 0.1 mmol/L disuccinimidy! suberate 
for 16 minutes at 4° C.” The cross-linked ’*I-insulin— 
receptor complex was solubulized in Laemmli’s buffer 
before the samples were subjected to sodium dodecyl 
sulfate—polyacrylamide gel electrophoresis.” Protein 
separation was accomplished by use of a discontinuous 
5% sodium dodecyl sulfate—polyacrylamide gel system 
at a constant current of 30 mA per gel. The protein 
bands were then stained with Coomassie blue, dried, 
and subjected to autoradiography for at least 48 
hours.” The autoradiographs were scanned with a Bio- 
Rad densitometer and the density-area of the band was 
calculated. The band density-area changes were taken 
to represent the changes in receptor abundance alone, 
as a change in receptor affinity has previously not been 
observed by Scatchard analysis in response to insulin 
perturbations.’*"” 


Results 


A quick screening of maternal glucose concentrations 
by the Chemstrip bG method at 14 to 15 days’ gestation 
revealed that the maternal glucose infusions (mean + 
SEM, 117.5 + 10.48 vs control of 71.88 + 4.30 mg/dl; 
p < 0.01) and streptozotocin treatment (190 + 32 vs a 
control of 105 + 5 mg/dl; p < 0.05) caused maternal 
hyperglycemia by 48 hours. The discrepancy between 
the glucose values of the two control groups is second- 
ary to a relative dilution of the glucose concentrations 
in the former group by the sterile water infusions. 
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Fig. 1. Plasma glucose and insulin concentrations. Mean increase or decrease in maternal and fetal 
plasma glucose and insulin concentrations over the corresponding control that was standardized to 


a value of 1 is shown. 


These infusions led to relatively lower control glucose 
values when compared with those of the control rats, 
which merely received intraperitoneal injections of nor- 
mal saline solution. 

Fig. 1 demonstrates the mean increase or decrease 
of plasma glucose and insulin concentrations (at 18 to 
20 days’ gestation) over a corresponding control that 
was standardized to 1 for comparison purposes. This 
standardization was necessary as again the two control 
values for glucose and insulin were different from each 
other. Glucose infusions produced a twofold to three- 
fold increase in the maternal (369 + 79 mg/dl vs a 
control of 187 + 7 mg/dl; p < 0.05) and a 3.6-fold 
increase in the fetal (155 + 25 vs a control of 43 + 3 
mg/dl; p < 0.01) plasma glucose levels, respectively. 
This increase in the plasma glucose level was associated 
with a 1.5-fold increase in maternal and fetal plasma 
insulin concentrations. Streptozotocin treatment, on 
the other hand, while increasing the maternal (317 + 
11 mg/dl; p< 0.01) and fetal (214 + 6 mg/dl; p< 
0.01) plasma glucose concentrations threefold and 3.6- 
fold over control (maternal, 109 + 3- mg/dl; fetal, 
60 + 12 mg/dl), decreased the maternal insulin con- 
centrations to half and the fetal levels to 0.85 of control. 

Figs. 2 and 3 represent autoradiographs of the 
glucose-infused and streptozotocin treatment experi- 
ments. Maternal and fetal liver insulin receptor a- 
‘subunit (the subunit that binds the hormone) dem- 
onstrates a molecular mass of ~135,000, while the ma- 


ternal and fetal brain receptor is only ~125,000 as 
observed previously by us.” The insulin receptor 
capacity as determined by the band density-area is de- 
creased in the maternal liver and increased in the fe- 
tal liver in response to high circulating insulin concen- 
trations (glucose-infused), while the brain insulin re- 
ceptor band density-area remained unchanged. In the 
streptozocin treatment studies hypoinsulinemia in the 
mother resulted in an increase in the maternal liver 
insulin receptor band density-area, yet low but normal 
fetal insulin levels increased the fetal liver insulin re- 
ceptor band density-area. Again the brain insulin re- 
ceptor density remained unchanged. 

Fig. 4 demonstrates the neuronal insulin receptor. 
As reported previously, the neuronal insulin recep- 
tor, similar to the whole brain, has a molecular mass 
of ~125,000.® The neuronal insulin receptor band 
density-area akin to that of the whole brain did not 
change as a secondary result of insulin exposure. 


Comment 


We have presented evidence to support the fact that 
long-term maternal and fetal exposure to insulin both 
in vivo and in vitro, while altering the insulin recep- 
tor density-capacity in the liver, fails to do so in the 
brain, specifically in the neurons. This observation is 
similar to previously reported results in the adult 
nonpregnant rat'® '© and rabbit fetus in association 
with acute episodes of hyperinsulinemia.” Although a 
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Fig. 2. Insulin receptor (a-subunit) in glucose infusion studies. Top panel demonstrates autoradio- 
graphs with insulin receptor bands. A, Maternal and fetal liver insulin receptors in glucose-infused 
(GI) and control (C) groups are seen. B, Maternal and fetal brain insulin receptors in the two groups 
are seen. Bottom panel depicts corresponding densitometric assessment of band area. Control is 


standardized to 1. 


down-regulation of neuronal insulin receptors was ob- 
served in avian embryonic neurons in culture,’® our 
studies demonstrate that this insulin responsiveness of 
the brain insulin receptor does not persist but disap- 
pears during late mammalian fetal life. This may be 
secondary to species differences but more important 
may be due to the difference in the stages of matura- 
tion. The chick embryo represents a rather early stage 
of development while in the rat and rabbit a later stage, 


i.e., the third-trimester fetus, was specifically studied. 
We chose this developmental phase because the growth- 
promoting effect of insulin has been reported mainly 
during this period in mammalian tissues including the 
brain.” *. However, the presence of insulin-induced 
down-regulation of the early embryonic neuronal in- 
sulin receptor may alter the process of neurogenesis 
and partly mediate the development of neural defects 
observed in fetuses of diabetic pregnancies.’ 
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Fig. 3. Insulin receptor (a-subunit) in streptozotocin-treatment studies. Top panel demonstrates 
autoradiographs with insulin receptor bands. A, Maternal and fetal liver insulin receptors in strep- 
tozotocin (stz)—treated and control (C) groups are seen. B, Maternal and fetal brain insulin receptors 
in the two groups are seen. Bottom panel depicts corresponding densitometric assessment of band 


area. Control is standardized to 1. 


As previously described, the maternal liver insulin 
receptor was down regulated in response to high insulin 
concentrations and up regulated as a result of low in- 
sulin concentrations.’ The fetal liver insulin receptor 
number, on the other hand, was up regulated in both 
states, i.e., the hyperinsulinemic situation’? * and in 
association with streptozotocin-induced maternal dia- 
betes. This phenomenon may be due to decreased 
fluidity of the fetal liver membranes as a result of ma- 
ternal diabetes,” thus resulting in an inability to down 


regulate surface receptors. There may be other expla- 
nations for this phenomenon that have not so far been 
described, whereby the fetal liver insulin receptor is 
resistant to insulin-induced down regulation. However, 
the explanation does not lie in a difference in either 
the glycosylation® or the autophosphorylation” of fetal 
insulin receptors when compared with that of the adult 
counterpart. 

Circulating insulin has been demonstrated to gain 
access to the cerebrospinal fluid in the adult rat.* Al- 
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Fig. 4. Neuronal insulin receptors. Top panel depicts neuronal insulin receptor band in presence (+) 
and absence (—) of insulin (total of 50 ug). Bottom panel demonstrates corresponding densitometric 
assessment of band area. Control {—) is standardized to 1. 


though short-term perturbations in plasma insulin con- 
centrations are not reflected in the cerebrospinal fluid, 
long-term changes in the circulating levels of the hor- 
mone are reflected in the cerebrospinal fluid in an in- 
tegrated fashion.* Additionally, in the newborn rabbit, 
labeled insulin injected into the carotid artery gained 
access to the brain parenchyma.” Thus in both our 
models with hyperinsulinemia and hypoinsulinemia a 
period of 5 to 6 days is more than adequate to attain 
parallel changes within the cerebrospinal fluid (and 
possibly brain parenchyma). Yet long-term exposure of 
the brain to changes in insulin concentrations failed to 
alter (down regulate) both maternal and fetal brain 
insulin receptors. More interesting, however, 1S the fact 
that the neuronal cell insulin receptor exposed directly 
to insulin is resistant as well. 3 
These findings are consistent with the functional sig- 
nificance of these receptors; the liver insulin receptor 
mediates the traditional effects of insulin such as en- 
hancing the conversion of glucose to glycogen and 
thereby influencing the glucose homeostasis.'! The 
neuronal insulin receptor, on the other hand, mediates 


unconventional insulin effects such as augmentation of 
neurite growth,’ neuronal differentiation,” and mod- 
ulation of neurotransmission® while playing no role in 
neuronal glucose metabolism.” An inability of the neu- 
ronal insulin receptor to down regulate in response to 
insulin suggests a protective. phenomenon by the cell 
against perturbations in cerebrospinal fluid insulin con- 
centrations. Recently, we demonstrated that the neu- 
ronal cell synthesizes insulin ‘(or an insulin-like sub- 
stance) as an extrapanicreatic source of the hormone. 
Whether endogenous production of the hormone 
causes a cellular resistance that restilts in the inability 
of the exogenous hormone to down regulate its PR 
receptor remains unknown. 

The physiologic significance of our observation, how- 
ever, is that in chronically hyperinsulinemic or hypoin- 
sulinemic third-trimester fetuses, while the liver me- 
tabolism may be (adversely) altered because of down 
regulation or up regulation of the insulin receptor, the 
neuronal cell metabolism is relatively protected, thus 
allowing neuronal energy balance and functioning to 
proceed. Whether neuronal growth and differentiation 
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continue normally in the face of altered circulating in- 
sulin concentrations during the first and second trimes- 
ters is an issue that requires further investigation in the 
in vivo mammalian model. 
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Venous and hepatic vascular responses to indomethacin and 
prostaglandin E, in the fetal lamb | 


René P. Paulick, MD, Rebecka L. Meyers, MD,” Colin D. Rudolph, MD, PhD, and 


Abraham M. Rudolph, MD* 


San Francisco, California 


Evidence is accumulating that prostaglandins affect the tone of the ductus venosus. Therefore 
prostaglandins might alter the distribution of umbilical venous return between the ductus venosus and liver. 
We have examined the effect of indomethacin and prostaglandin E, on the vascular resistance of the 
umbilical-placental circulation, ductus venosus, and liver in 14 chronically instrumented fetal lambs. We 
found that indomethacin caused a nearly twofold increase in the vascular resistance of both the ductus 
venosus and liver. Prostaglandin E,, administered 70 minutes after indomethacin at a dose of 0.41 + 0.09 
(SEM) g/min per kilogram of fetal weight, decreased umbilical-placental blood flow, increased the _ 
vascular resistance of the umbilical arteries and placenta, and reversed the elevation of the vascular 
resistances of the ductus venosus and liver. Because both indomethacin and prostaglandin E, affected the 
resistances of the ductus venosus and liver to the same extent, it is unlikely that prostaglandins of the 

E series mediate the change in distribution of umbilical venous return between the ductus venosus and 


liver during fetal stress. (Am J Osster GynecoL 1990;163:1357-63.) 


Key words: Blood flow, blood pressure, radioactive microspheres, prostaglandins, 


indomethacin 


During fetal development about 40% of the com- 
bined ventricular output is distributed to the placenta. 
Blood returns to the fetus through the umbilical veins 
to the portal sinus; it may then pass through the he- 
patic microcirculation or bypass the liver through the 
ductus venosus. Normally, about half the umbilical ve- 
nous return passes through the ductus venosus and half 
through the liver.’ These proportions change during 
fetal stress, particularly when umbilical blood flow falls, 
with a greater proportion of umbilical venous return 
passing through the ductus venosus.’* The factors that 
determine the distribution of blood flow between the 
ductus venosus and liver have not been defined but 
may involve constriction or relaxation of the ductus 
venosus. 

Evidence is accumulating that prostaglandins affect 
the tone of the ductus venosus. With the use of rings 
of ductus venosus, Adeagbo et al.®7 showed constriction 
with indomethacin, a prostaglandin synthesis inhibitor, 
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and relaxation with prostaglandin E, (PGE,) and pros- 
tacyclin (PGI,). A preliminary report of an in vivo study 
in fetal lambs supported these results.’ In addition, 
prostaglandin E, (PGE,), a synthetic analog of PGE,, 
has been shown to reopen the closed ductus venosus 
in newborn lambs.” However, none of these studies has 
measured the actual changes in vascular resistance 
across the ductus venosus and liver in response to in- 
domethacin and PGE,. 

To determine the influence of indomethacin and 
PGE, on the vascular resistance of the ductus venosus, 
liver, umbilical veins, umbilical arteries, and placenta 
in fetal lambs, we measured blood pressure in the fetal 
descending aorta, extraabdominal umbilical vein, por- 
tal sinus, hepatic vein, and inferior vena cava; we also 
measured blood flow with the microsphere technique. 
From these data we calculated changes in the vascular 
resistance of each component of the umbilical-placental 
circulation. 


Material and methods 


Surgery and experiments were performed according 
to the guidelines for the care and use of animals ap- 
proved by the Committee on Animal Research, Univer- 
sity of California, San Francisco. Fourteen mixed-breed 
Western ewes with time-dated gestation of 122 to 137 
days at the time of study (term, 145 days) were fasted 
24 to 48 hours before spinal anesthesia was induced 
with 2 to 4 ml of 1% tetracaine hydrochloride (Ponto-. 
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caine, Winthrop Labs., New York) and they were placed 
supine on the operating table. Polyvinyl catheters (in- 
ner diameter, 0.05 inches) were inserted into pedal 
branches of a maternal femoral artery and vein and ad- 
vanced to the descending aorta and inferior vena cava. 
An intravenous infusion of 0.9% sodium chloride (500 
to 1000 ml) was administered to the ewe throughout 
the procedure. Ketamine hydrochloride, 50 to 100 mg, 
was injected intravenously as necessary to maintain se- 
dation. With the use of strictly aseptic techniques, the 
ewe’s abdomen was opened in the midline. Anesthesia 
for the placement of all fetal catheters was induced 
locally with 0.5% lidocaine hydrochloride and system- 
ically with 15 to 20 mg of intramuscular ketamine. The 
fetal hind limbs were exposed through a small uterine 
incision, and polyvinyl catheters (inner diameter, 0.03 
inches) inserted in each leg via pedal branches into the 
infrarenal descending aorta. Through a pedal branch 
of the femoral vein, a 3.5 F multiple side-hole catheter 
was advanced centrally so that the tip was at the level 
of the diaphragm where the ductus venosus and hepatic 
veins enter the inferior vena cava. Two 3.5 F multiple 
side-hole catheters were inserted via cotyledonary trib- 
utaries into the extraabdominal umbilical vein. The.tips 
of the umbilical vein catheters used for pressure mea- 
surements were on average 27 cm distal to the umbilical 
ring. An amniotic catheter (inner diameter, 0.05 inches) 
was inserted to lie adjacent to the fetal trunk, and the 
uterine incision was closed. 

A catheter was placed in the portal sinus in eight fe- 
tuses. Through a separate uterine incision, the fetal ab- 
domen was exposed and opened and a loop of small in- 
testine isolated. A 3.5 F multiple side-hole catheter was 
inserted into a mesenteric venous tributary and ad- 
vanced toward the hilum of the liver until blood with- 
drawn from the catheter showed increased oxygena- 
tion, indicating mixture with umbilical venous blood. 
When the oxygen saturation of the blood in this catheter 
matched that of blood in the umbilical vein, the catheter 
was drawn back slowly until a sharp drop in oxygen 
saturation occurred. From this point the catheter was 
then advanced proximally 1 cm. With this approach the 
catheter tip was reliably located in the portal sinus. 

In six fetuses a catheter was placed in either the left 
(n = 4) or right (n = 2) hepatic vein. The method has 
been previously described in detail.” Briefly, through 
a right thoracotomy, the inferior vena cava was punc- 
tured through a purse-string suture and a 3.5 F mul- 
tiple side-hole catheter was advanced ~3 cm inferiorly 
into a hepatic vein. Catheter placement in the hepatic 
vein was confirmed by comparing the oxygen satura- 
tion of blood withdrawn from this catheter with that of 
bleod in the umbilical vein and inferior vena cava. 

The fetal and uterine incisions were closed, and am- 
niotic fluid lost during surgery was replaced with warm 
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0.9% sodium chloride. All catheters were filled with 
heparin (1000 IU/ml) and plugged. The catheters were 
then brought subcutaneously to the ewe’s flank where 
they were exteriorized and stored in a vinyl pouch. On 
the day of surgery and each day afterward, the ewe 
received 2 million IU of penicillin G and 100 mg of 
gentamicin, half intravenously and half into the am- 
niotic cavity. Vascular catheters were flushed daily with 
heparin. The position of all catheters was confirmed at 
dissection. 

Fourteen studies, one of each fetus, were performed 
2 to 6 days after surgery. Fetal descending aortic, am- 
niotic, and venous pressure levels (extraabdominal um- 
bilical vein, portal sinus, hepatic vein, and inferior 
vena cava) were measured with carefully calibrated 
pressure transducers (Statham P23Db, Statham Instru- 
ments, Oxnard, Calif.). Pressure levels were recorded 
continuously on a direct writing recorder (Beckman 
R612, Beckman Instruments, Palo Alto). Baseline pres- 
sure levels were recorded for 2 to 3 hours to obtain 
steady state conditions, minimize zero drifts, and make 
calibration adjustments. To eliminate errors as a result 
of possible zero drift in different transducers, all venous 
pressure levels were recorded with the same transducer 
with a ramp of Luer-Lok stopcocks (Vygon, Ecouen, 
France). Each “set” of venous pressures was obtained 
within a period of 45 to 60 seconds, and pressure levels 
were accepted as valid only when amniotic and arte- 
rial pressures remained constant during this time. 
Throughout the experiment, zero levels were checked 
every 10 to 15 minutes and did not vary >1 mm Hg. 
Fetal heart rate was measured with a cardiotachometer 
triggered by the arterial pulse pressure. Amniotic pres- 
sure was used as the zero pressure reference. 

Control blood samples were withdrawn from the fetal 
descending aorta. Blood gas and pH levels were mea- 
sured with a blood gas analyzer (Corning 175, Medfield, 
Mass.). Hemoglobin concentrations and blood oxygen 
saturation were measured photometrically in duplicate 
(Hemoximeter OSM 2, Radiometer, Copenhagen, Den- 
mark). A bolus of approximately 2 million (15.0 + 0.3 
SD) m microspheres labeled with different isotopes 
randomly selected from cobalt 57, chromium 51, gad- 
olinium 153, indium 114, manganese 54, niobium 95, 
tin 113, strontium 85, and zinc 65 (3M Company, 
St. Paul, and New England Nuclear, Boston) was then 
injected into the umbilical vein. A reference arterial 
blood sample was withdrawn from the descending aorta 
at ~3.6 ml/min, beginning 10 to 15 seconds before the 
microsphere injection and lasting 75 to 90 seconds. The 
volume of blood withdrawn was replaced with an equal 
volume of fetal donor blood or, if this was not available, 
with maternal blood. A dose of 0.33 + 0.07 (mean + 
SEM) mg/kg fetal weight indomethacin (Merck, Sharp 
& Dohme, West Point, Pa.) was then injected into 
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the umbilical vein. Sixty minutes later, venous pressure 
levels and blood samples from the descending aorta 
were obtained and microspheres labeled with different 
radionuclides were injected into the umbilical vein. Af- 
ter 10 minutes (i.e., 70 minutes after the injection of 
indomethacin) PGE, (Upjohn, Kalamazoo, Mich.) was 
infused diluted in 0.9% sodium chloride with a Harvard 
pump at a dose of 0.41 + 0.09 (SEM) g/min per ki- 
logram of fetal weight into the umbilical vein for 20 
minutes; 15 minutes after beginning the PGE, infusion, 
venous pressure levels and blood samples were ob- 
tained and a third set of randomly chosen microspheres 
was injected into the umbilical vein. 

At the end of the study the ewe was killed with an 
overdose of pentobarbital sodium. The uterus and in- 
dividual fetal organs were dissected and weighed. All 
organs were placed in formalin, incinerated at 350° C, 
ground into a coarse powder, and placed into plastic 
vials to a uniform height of 3 cm." The vials were 
counted in a well-type y-scintillation counter and an- 
alyzed with a multichannel (1024) pulse height analyzer 
(Norland, Ford Atkinson, Wis.). The activity of each 
isotope in each organ was determined from an analysis 
method of least squares described previously.” 

Microspheres injected into an umbilical vein are ei- 
ther trapped in the liver or passed through the ductus 
venosus to the inferior vena cava. Thus the proportion 
of umbilical venous return distributed to the liver can 
be calculated from the counts in the liver divided by 
the total counts recovered from the fetus and placenta.' 
Subtraction of this proportion from 1 yields the pro- 
portion of umbilical venous return that passes through 
the ductus venosus. Adequate mixing of microspheres 
in umbilical venous blood has been shown in a previous 
study in which microspheres labeled with different ra- 
dionuclides were simultaneously injected into different 
branches of the umbilical veins.? These studies show 
that the distribution of microspheres injected into one 
branch of the umbilical vein represents the pattern of 
distribution of all the umbilical venous blood. 

Except for the liver, blood flows to the lower body 
organs and placenta were calculated from the counts 
in the organ, divided by the-counts in the reference 
. sample, and miltiplied by the reference sample blood 
flow. Umbilical vein-derived blood flow to the left 
and right lobes of the liver and through the ductus 
venosus was calculated by multiplying the umbilical- 
placental blood flow by the proportion of umbilical ve- 
nous return distributed to each lobe and through the 
ductus venosus, respectively. Blood flow to the right 
lobe of the liver was then calculated by adding portal 
venous blood flow to the umbilical venous flow distrib- 
uted to the right liver. Finally, total liver blood flow was 
calculated by adding that of the left and right lobe. 

These calculations are made on the basis of previous 
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studies that have shown that the right lobe of the liver 
receives almost all the portal venous blood and a con- 
tribution of umbilical venous blood.' The left lobe of 
the liver and the ductus venosus receive primarily um- 
bilical venous blood. The hepatic arteries contribute 
<10% of total liver blood flow in the fetus! *; this was 
considered negligible. Portal blood flow was calculated 
as the sum of flows to the spleen, pancreas, and gut. 
Blood flows are expressed as milliliter per minute per 
kilogram of fetal weight. 

Total resistance to umbilical-placental blood flow was 
calculated from umbilical-placental blood flow and the 
pressure difference between the descending aorta and 
inferior vena cava. With the use of the pressure levels 
measured in the umbilical vein and portal sinus, this 
total vascular resistance was subdivided as follows: (1) 
resistance to umbilical-placental blood flow between the 
descending aorta and umbilical vein, representing the 
resistance of the umbilical arteries and placental mi- 
crovasculature; (2) resistance between the umbilical 
vein and portal sinus, representing the resistance of the 
umbilical veins; and (3) resistance between the portal 
sinus and inferior vena cava, representing the com- 
bined resistance of the ductus venosus and liver. In- 
dividual resistances of the ductus venosus and the liver 
were then calculated by dividing the pressure differ- 
ence between the portal sinus and inferior vena cava 
by the appropriate blood flow levels. In the six fe- 
tuses with a hepatic vein catheter, pressure levels mea- 
sured simultaneously in the hepatic vein and inferior 
vena cava were not significantly different through- 
out the experiments. Therefore we used the inferior 
vena caval pressure level for the above resistance cal- 
culations. Values for vascular resistance are expressed 
as millimeters of mercury per milliliter per minute per 
kilogram of fetal weight. 

Data analysis was performed with a computerized 
Statistical program (Statview II, Abacus Concepts, 
Berkeley, Calif.). When a normal distribution was pres- 
ent, data are expressed as mean + SEM. Comparison 
between the three experimental periods was made by 
one-way analysis of variance for repeated measure- 
ments. Multiple comparison testing was performed 
only if the analysis of variance first rejected a multi- 
sample hypothesis of equal means with p < 0.05. Dif- 
ferences between groups were then analyzed with the 
Scheffé multiple comparison F test. For the abdominal 
inferior vena caval blood flow and the resistance of the 
liver, a skewed distribution was shown by box plots. In 
these two cases, results are expressed as mean + SEM 
after eliminating one extreme outlying value; for mul- 
tiple comparison testing, we used the Friedman test and 
analyzed differences between groups with the Wilcoxon 
test with the Bonferroni adjustment. For all tests, 
p < 0.05 was considered statistically significant. 
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Table I. Fetal pH, blood gas levels, and hemoglobin concentrations during the control period, 60 minutes 
after injection of indomethacin, and during a PGE, infusion* 


Descending aorta 


pH 7,36 + 0.01 
PCO, (mm Hg) 53.8 + 1.8 
Po, (mm Hg) 23.9 + 1.7 
Hemoglobin (gm/dl) 96 +04 
Oxygen saturation (%) 45.0 + 3.) 


Data are mean + SEM in 14 fetal lambs. 


PGE, infusion* 


7.32 + 0.02 7.30 + 0.01t 
55.2 + 2.3 56.8 + 2.] 
23:90 Œ h6 21.3 + 1.3f 
9.8 + 0.4 9.4 + 0.4 
42.0 + 3.3 33.3 st 3.24 


*PGE, infusion was started 70 minutes after injection of indomethacin; measurements were made 15 minutes after beginning 


the PGE, infusion. 
tp < 0.05. 


tp < 0.001 control vs PGE,; p < 0.01 indomethacin vs PGE). 


Table II. Blood pressure levels and pressure differences during the control period, 60 minutes after 


injection of indomethacin, and during a PGE, infusion* 


Mean pressure (mm Hg) 


“ 


PGE, infusion* 


Descending aorta 45.7 + 0.8 48.3 + 1.2+ 45.4 + 1.84 

Extraabdominal umbilical vein§ 9.5 + 0.6 12.3 + 1.0] 10.0 + 0.74 

Portal sinus{ 4.2 + 0.5 5.7 = 0.6] 4.9 + 0.6 

Hepatic vein# 3.4 + 0.2 3.6 + 0.8 3.2 + 0.4 

Inferior vena cava 2.6 + 0.3 2.9 + 0.5 3.1 + 0.4 

Pressure difference between (mm Hg) 

Descending aorta and extra- 36.2 21.0 36.4.2 4.1 35.4 + 1.4 
abdominal umbilical vein 

Extraabdominal umbilical vein and 5.5 + 0.9 6.6 + 1.1 5.3 + 0.9 
portal sinus 

Portal sinus and inferior vena cava{ L702 3.0 + 0.4] 1.6 + 0.2** 


Data are mean + SEM in 14 fetal lambs. 


*PGE, infusion was started 70 minutes after injection of indomethacin; measurements were made 15 minutes after beginning 


the PGE, infusion. 
tp < 0.05. 
tp < 0.05. 
§Mean distance 27 cm from umbilical ring. 
lp < 0.01 control vs indomethacin. 
fin = 8. 
#n = 6. 
t* < 0.001 indomethacin vs PGE). 


Results 


Fetal weight was 3.3 + 0.2 kg. During the control 
period, fetal pH, blood gas levels, and hemoglobin con- 
centrations in the descending aorta were within the 
normal range of values measured in our laboratory 
(Table 1). Indomethacin injection caused no significant 
changes in these variables. During the PGE, infusion, 
Po,, oxygen saturation, and pH decreased. 

Fetal heart rate was 186 + 6 beats/min at control, 
902 + 9 beats/min ] hour after indomethacin, and 
184 + 10 beats/min during the subsequent PGE, in- 
fusion; these changes were not significant. Indometh- 
acin significantly increased pressures in the descending 
aorta, extraabdominal umbilical vein (catheter tip on 
average 27 cm distal to the umbilical ring), and portal 
sinus, whereas inferior vena caval pressure was not 


changed (Table II). All pressures returned to control 
values during the PGE, infusion. In the six experiments 
in which pressures were measured simultaneously in 
the inferior vena cava and a hepatic vein, there was a 
small but insignificant pressure difference between 
these two sites (0.5 + 0.2 mm Hg) during all experi- 
mental periods. l 
During the control period the difference in pressure 
between the descending aorta and extraabdominal um- 
bilical vein, which represents the pressure drop across 
the umbilical arteries and placenta, was 36.2 + 1.0 
mm Hg (Table I). The difference in pressure between 
the extraabdominal umbilical vein and the portal sinus, 
which represents the pressure drop along the umbilical 
veins, averaged 5.5 + 0.9 mm Hg, and that between 
the portal sinus and inferior vena cava, which repre- 
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Table III. Fetal blood flows during the control period, 60 minutes after injection of indomethacin, and 


during a PGE, infusion* 


Blood flow (ml/min/kg) PGE, infuston* 


Umbilical-placental 216.8 + 14.7 230.3 + 25.3 182.6 + 20.37 
Ductus venosus 103.1 + 11.1 102.8 + 12.1 89.4+ 7.9 
Liver 162.2 + 19.5 165.7 + 29.4 149.3 + 21.5 
Abdominal inferior vena cava 127.9 + 14.8 125.9 + 20.7 146.2 + 16.5 


Data are mean + SEM in 14 fetal lambs. 


*PGE, infusion was started 70 minutes after injection of indomethacin; measurements were made 15 minutes after beginning 
the PGE, infusion. 


tp < 0.01 indomethacin vs PGE.. 
Includes the contribution of the portal vein and umbilical vein. 
§Represents blood flow to the lower carcass, kidneys, and adrenals. 


Table IV. Vascular resistance to umbilical-placental blood flow during the control period, 60 minutes after 
injection of indomethacin, and during a PGE, infusion* 


Vascular resistance PGE, infusion* 


Total 0.239 + 0.026 0.249 + 0.034 0.291 + 0.039% 
Umbilical arteries and placenta 0.200 + 0.02] 0.195 + 0.025 0.243 + 0.0344,§ 
Umbilical veins 0.029 + 0.006 0.038 + 0.009 0.036 + 0.008 
Ductus venosus and liver 0.010 + 0.002 0.017 + 0.004|| 0.011 + 0.002 
Ductus venosus 0.020 + 0.003 0,035 + 0.006] 0.023 + 0.004 
Liver 0.013 + 0.003 0.021 + 0.005] 0.015 + 0.004 


Data are mean + SEM in the 8 fetal lambs in which portal sinus pressure was measured. 
*PGE, infusion was started 70 minutes after injection of indomethacin; measurements were made 15 minutes after beginning 


the PGE, infusion. 
tmm Hg/ml/min/kg. 
tp < 0.05 control vs PGE). 
$p < 0.01 indomethacin vs PGE). 
lp < 0.05 control vs indomethacin. 


sents the pressure drop across the ductus venosus and 
liver, was 1.7 + 0.2 mm Hg. Indomethacin increased 
the pressure difference between the portal sinus and 
inferior vena cava significantly by 76%. During the 
PGE, infusion all pressure differences had returned to 
control values. 

Compared with the control period, indomethacin did 
not change umbilical-placental, hepatic, ductus veno- 
sus, or abdominal inferior vena caval blood flow (Table 
III). Compared with the flows measured after indo- 
methacin, the PGE, infusion decreased umbilical- 
placental blood flow significantly. Neither indometha- 
cin nor PGE, changed the proportion of umbilical ven- 
ous return that passed through the ductus venosus or 
the left or right lobe of the liver. 

During the control period total vascular resistance to 
umbilical-placental blood flow averaged 0.239 mm 
Hg/ml per minute per kilogram of fetal weight. Of this 
total resistance, the umbilical arteries and placenta ac- 
counted for 84%, the umbilical veins 12%, and the duc- 
tus venosus and liver 4%. Indomethacin increased the 
combined vascular resistance of the ductus venosus and 


liver almost twofold (Table IV). The individual resis- 


tance of the ductus venosus increased 75% and that of 
the liver increased 65%. Furthermore, the vascular re- 
sistance of the right and left lobes of the liver increased 
to the same extent. Infusion of PGE, completely re- 
versed this indomethacin effect of the vascular resis- 
tance of the ductus venosus and liver. However, total 
resistance to umbilical-placental blood flow increased 
as a result of an increase in the resistance of the um- 
bilical arteries and placenta. 


Comment 


The distribution of the umbilical venous return be- 
tween the ductus venosus and liver is altered during 
fetal stress; the proportion of umbilical venous blood 
that passes through the ductus venosus increases, 
whereas that to the liver decreases.2> However, the 
mechanism responsible for this change in distribution 
of umbilical venous return is not known. Adeagbo 
et al.®7 showed in vitro that indomethacin, a prosta- 
glandin synthesis inhibitor, constricted the ductus ven- 
osus, whereas both PGE, and PGI, resulted in relaxa- 
tion. Blood concentrations of PGE were found to be 
elevated during chronic fetal hypoxemia.“ Thus pros- 
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taglandins could be important in the regulation of the 
tone of the ductus venosus during fetal development. 
To examine this hypothesis we studied the effect of 
indomethacin and PGE,, a synthetic analog of PGE,, 
on the vascular resistance of the ductus venosus and 
liver in chronically prepared fetal lambs. 

Indomethacin did not change umbilical-placental 
blood flow’* ' or the proportion of umbilical venous 
return distributed to the ductus venosus and liver. Thus 
ductus venosus and liver blood flows were unchanged. 
These results conflict with those in a preliminary re- 
port that suggested that indomethacin decreases ductus 
venosus blood flow in fetal lambs, but no data on 
umbilical-placental or ductus venosus blood flows were 
provided.’ 

Indomethacin had no effect on the vascular resis- 
tance of the umbilical arteries, placental vasculature, or 
umbilical veins. Indomethacin increased the vascular 
resistance of the ductus venosus almost twofold; this 
effect was reversed by PGE,. Thus the ductus venosus 
sphincter appears to be under the control of a relaxing 
prostaglandin in the fetus. According to Coceani,” this 
relaxing prostaglandin is PGE, or PGI,. However, this 
effect is not specific for the ductus venosus because 
hepatic vascular resistance increased to about the same 
extent as that of the ductus venosus after indomethacin. 
The site of the increase in hepatic vascular resistance 
has not been delineated. On the basis of anatomic stud- 
ies, sphincters have been described presinusoidally at 
the portal venous-sinusoidal junction and postsinu- 
‘soidally at the sinusoidal-central vein junction and in 
the hepatic veins.’* ° On the basis of physiologic studies, 
Lautt et al.*°*! proposed that the major site of portal 
vascular resistance resides in small hepatic veins, be- 
yond the sinusoidal-central vein connection. We were 
not able to detect any constriction in the large hepatic 
veins, but constriction may occur in small hepatic veins 
with a diameter of 1 to 2 mm. 

The fact that the vascular resistance of both the duc- 
tus venosus and liver increases with indomethacin and 
decreases with PGE, indicates that, in the fetus, pros- 
taglandins are important in maintaining a low resis- 
tance to umbilical venous and portal venous return. 
This effect appears to be similar to that of PGE, on the 
ductus arterious.'? However, because indomethacin and 
PGE, had no differential effect on the ductus venosus 
and liver, it is evident that prostaglandins of the E series 
do not mediate the change in distribution of umbilical 
venous return between the ductus venosus and liver 
during fetal stress. 

The effect of indomethacin on the ductus venosus 
was not dramatic and ductus venosus blood flow was 
well maintained. This observation does not support the 
proposal that the postnatal decrease in PGE blood 
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concentrations” would play a significant role in closing 
the ductus venosus after birth.” 

McLaughlin et al., on the basis of physiologic stud- 
ies, reported that indomethacin results in vasoconstric- 
tion of the umbilical-placental circulation. However, 
this vasoconstrictive effect was observed immediately 
after indomethacin injection and was sustained for only 
10 minutes. Our results show no change in the vascular 
resistance of the umbilical arteries, placental vascula- 
ture, or umbilical veins 60 minutes after indomethacin 
injection. As was shown by Naden et al.,” blood con- 
centrations of PGE, do not decrease immediately after 
indomethacin. The same authors suggested that in- 
domethacin has immediate vasoconstrictive properties 
that are independent of the inhibition of prostaglandin 
synthesis. In support of this, our group found that 
indomethacin produced an immediate rise in arterial 
blood pressure in fetal lambs pretreated with meclo- 
fenamate, a prostaglandin synthesis inhibitor (M. Hey- 
mann, personal communication). 

As has been observed previously, PGE, decreased 
umbilical-placental blood flow.** This fall in blood 
flow was a result of an increase in the vascular resistance 
of the umbilical-placental circulation. The site of this 
increased resistance has not been determined. It was 
not in the major umbilical veins, and thus must have 
been either in the umbilical arteries or the placental 
microvasculature. On the basis of in vitro studies, PGE, 
may cause constriction of the umbilical arteries.”® *’ 

In conclusion, we showed that prostaglandins main- 
tain a modest degree of relaxation of the ductus ven- 
osus and hepatic microcirculation during fetal devel- 
opment but are not responsible for the redistribution 
of umbilical venous return between the ductus venosus 
and liver during fetal stress. 


We gratefully acknowledge the skillful technical as- 
sistance of Christine Roman, Roger Chang, Bruce 
Payne, and Carl McWatters that made the completion 
of this project possible. We also acknowledge the edi- 
torial assistance of Paul Sagan. 
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LETTERS TO THE EDITORS 





Definition of fetal asphyxia 


To the Editors: I enjoyed reading the article on umbilical 
blood acid-base studies in the March 1990 issue (John- 


son JWC, Richards DS, Wagaman RA. The case for 


routine umbilical blood acid-base studies at delivery. 
AM J OBSTET GYNECOL 1990; 152:621-5). I concur with 
their opinions. I do have one question: How do they 
define “fetal asphyxia”? They point out that acid-base 
measurements are superior to Apgar score, fetal heart 
rate monitoring, neurologic development, and meco- 
nium staining in diagnosing asphyxia, but how low does 
the pH have to be? Below 7.20? Below 7.00? Is a buffer 
base of <34 mmol/L sufficient? On page 622 they’state 
that fetal asphyxia is “hypoxia and acidosis.” I agree. 
How low does the Po, have to be? <22 mm Hg? Is an 
infant with a Po, of 0 automatically suffering from 
asphyxia? They state that “umbilical blood acid-base 
studies are the only scientific, objective measure of fetal 
asphyxia...” What is the scientific, objective acid-base 
definition of asphyxia? 

Richard B. Clark, MD 


Departments of Anesthesiology and Obstetrics/ Gynecology, University 
of Arkansas for Medical Sciences, 4301 West Markham, Mail Slot 
515, Little Rock, AR 72205-7199 


Reply 
To the Editors: We appreciate Dr. Clark’s interest. in 
our article. His questions of how one defines “fetal as- 
phyxia” and “what is the scientific, objective acid-base 
definition of asphyxia” are important ones. But they 
are not easily answered. There is no official consensus 
as to the definition of asphyxia. Derland’s Illustrated Med- 
` ical Dictionary, twenty-sixth edition, 1985, indicates that 
the Greek derivation of asphyxia means “a stopping of 
.the pulse.” Asphyxia is defined.as “a condition due to 
lack of oxygen in respired.air, resulting in impending 
or actual cessation of apparent life.” Stedman’s Medical 
Dictionary, twenty-fifth edition; 1990, offers a less severe 
interpretation of asphyxia. This dictionary defines as- 
phyxia as “impaired or absent exchange of oxygen and 
carbon dioxide on a ventilatory basis; combined hy- 
percapnia and hypoxia or anoxia.” These contempo- 
` rary medical dictionaries provide two very different 
definitions. Considering the ambiguities of the term 
“asphyxia,” it’s not surprising that there are no uni- 
versally accepted-pH, Po,, or base deficit cutoff values 
defining its presence. Such cutoffs by necessity would 
be arbitrary, similar to defining anemia on the basis of 
‘packed red blood cell-volume. One solution is the uti- 
lization of a degree of acidosis and hypoxia represented 
by 2 SDs below the mean or below the fifth percentile. 
(On the basis of elective cesarean sections at our insti- 
tution the mean — 2 SDs for umbilical artery values are: 
pH 7.21, base deficit —4 mEq/L, and oxygen tension 
8.0 mm Hg). Another possible definition, as suggested 
by Dr. Clark, would be a buffer base of <34 mmol/L, 
cited by Low as the degree of acidosis associated with 
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an increased risk of aeircloue abnormality.’ This 
would be our preference for present-day usage. 
But there are very few other studies available con- 


cerning the clinical significance of birth acidosis and 


hypoxia. Ideal end-points for defining “severe acidosis” 


` or “severe hypoxia” will be those that help to distinguish 


neonates who have a high risk of long-term compli- 
cations from those with a favorable outlook. As cord 
blood acid-base analysis becomes more widely used, we 
are confident that clinically useful ene points will be 
established. 

John W. C. Johnson, MD, and Douglas S. Richards, MD 


` University of Florida College of Medicine, Department of Obstetrics 


and Gynecology, FHMHC, Box J-294, Gainesville, FL 32610-0294 
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Cocaine effects on. fetal behavioral state 


To the Editors: We read with great interest the article by 
Hume et al. (Hume RF Jr., O’Donnell KJ, Stanger CL, 
Killam AP, Gingras JL. In utero cocaine exposure: Ob- - 
servations of fetal behavioral state may predict neonatal 
outcome. AM ] OBSTET GYNECOL 1989;161:685-90). 
We agree in theory with their hypothesis that abnormal 
neonatal behavioral state organization may be caused 
by in utero cocaine effects and that the neonatal ab- 
normalities may be predated, and possibly predicted, 
by fetal behavioral state abnormalities. We have diffi- 
culty, however, in how their conclusions are reached. 
They describe their “fetal neurobehavioral profile,” a 
rather elegant and painstaking examination that per- 


- mits assessment and recording of the components of 


fetal behavior (fetal heart rate variability, breathing, 
gross body movement, and eye, chin, and mouth move- 
ment). Their assessment includes undisturbed orga- 
nization and regulation as well as fetal self-regulation 
after acoustic stimulation. They define organization 
and regulation as “the coordination of related com- 
ponents of fetal behavior in a stable yet responsive 
state” and describe two such states, active sleep (rapid 
eye movements, chin motion, breathing, and reactive 
heart pattern) and quiet sleep (no eye movements, chin 
motion, or breathing with a nonreactive heart rate pat- 
tern). These states appear similar to, if not synonymous 
with; fetal states 2F and 1F, respectively, as described 
by Nijhuis et al. The investigators then report fetal 
state disorganization, defined in the discussion as a lack 
of coincidence of the behavioral state components or 
delay in their integration, in 13 of the 20 fetuses serially 
evaluated in utero. 

We have several questions regarding their definition 
of disorganization. Does it require total dissociation of 
the components of either or both of the fetal states 
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described during the entire examination, failure to 
maintain the stable association for a minimal portion 
of the examination, or failure to reorganize after the 
acoustic stimulation? Did meeting this definition during 
one of the serial evaluations place the fetus in the “dis- 
organized fetal state” category, or did this require dis- 
organization during all the examinations? How many 
examinations were performed, and over what range of 
gestation? How long were the examinations? By what 
gestation was regulation considered delayed? 

In addition, there is some question as to what is nor- 
mal, since a normal drug-free group was not evaluated 
with the neurobehavioral profile. In Nijhuis et al.’s orig- 
inal work,’ before 38 weeks, coincidence, or simulta- 
neous occurrence, of IF and 2F state parameters oc- 


curred only 55% to 65% of the entire observation time, » 


with the observation period lasting 112 minutes on the 
average. They suggested that these periods of coinci- 
dence occurred by chance and did not represent or- 
ganized behavioral states because of the lack of simul- 
taneous change of the state variables. Only with the 
synchronization of these changes, which developed 
around 36 to 38 weeks, could true behavioral states be 
defined. One can see how a preterm fetus, without 
periods of coincidence of parameters a considerable 
portion of the time, might be at risk for being classified 
as “disorganized.” This is especially true if the fetus is 
delivered preterm, as were 25% of the fetuses in the 
study of Hume et al. 

Further clarification of the definitions of “organized” 
and “disorganized” fetal states, as well as comparison 
with the fetal neurobehavioral profiles and neonatal 
outcomes of drug-free controls, would greatly enhance 
this investigation of the effects of cocaine on the de- 
veloping central nervous system. 

Bannie L. Tabor, MD, and Alex Sofficit, MD 


Division of Maternal-Fetal Medicine, Department of Obstetrics and 
Gynecology, Harbor-UCLA Medical Center, 1000 W. Carson St., 
Torrance, CA 90509 


REFERENCE 


1. Nijhuis JG, Prechtl HFR, Martin CB, Bots RSGM. Are 
there behavioral states in the human fetus? Early Hum Dev 
1982;6:177-95. 


Reply 


To the Editors: The questions raised by Drs. Tabor and - 
Soffici are insightful criticisms of our work. The issues ` 


addressed point out the potential for confusion con- 
cerning the terminology used to define the abnormal 
fetal behavior observed in our cocaine-exposed sub- 
jects. The pioneering work by Prechtl, Nijhuis, and 
Arduini and their colleagues (references 8, 9, 12, 14, 
and 15 of our article) were used in the formulation of 


our tool. The classification of fetal behavioral states 
follows that of Nijhuis, as stated. Our study design. 


involved serial ultrasonographic observations (four to 
eight per subject) of at least 30 minutes’ duration dur- 
ing the course of prenatal care. We scored the behavior 
observed from 28 weeks on to term. The fetal behavior 
observed included the acquisition and coordination of 


Letters 1365 


components of behavior into the defined states, as de- 
scribed by Nijhuis, and the ability and character of fetal 
reaction to acoustic stimulus, as well as atypical behavior 
not observed in normal subjects or described by others. 
Delay of state organization was scored as abnormal if 
stable state regulation failed to be appreciated by term 
(>38 weeks). 

The confusion of terminology is significant, and Drs. 
Tabor and Soffici are entitled to a clarification of our 
use of “organized” and “disorganized.” Normally or- 
ganized and regulated fetal behavior follows the syn- 
chronization of components into stable states by 36 to 


' 38 weeks of gestation. The “disorganized” classification 


applied to fetuses who had delay of organization, bi- 
zarre or atypical behavior, or disrupted behavior in 
response to stimulation. Three fetuses exhibited sus- 
tained hyperpnea plus lack of stable state organization, 
three fetuses exhibited recurrent yawning and abnor- 


mal response to stimulation, and three fetuses were 


hypertonic and hyperirritable, while four were never 
observed to attain organized state behavior by term 
gestation. The atypical fetal behaviors were present in 
those infants scored as being more severely affected as 
neonates. 

The fetal response to stimuli mimics the “all-or-none” 
or “wired” neonate born with active cocaine intoxica- 
tion. These neonates are very difficult to arouse, but 
once so they are very difficult to console. Bradycardia, 
ballistic fetal activity, and lack of habituation in re- 
sponse to acoustic stimulation were the fetal anteced- 
ents to such abnormal neonatal neurobehavior. We 
have shown our video recordings to many observers of 
various levels of ultrasonographic or neurobehavior 
sophistication and all agree in scoring the abnormal 
cases—the behavior really looks unusual. The need for 
a prospective study with normal control subjects is ap- 
parent and is under way. The use of video recording 
to score the fetal behavior affords a blinded evaluation 
to address the criticism of the subjective nature of this 
interpretation. The results of a larger-prospective lon- 
gitudinal cohort study are needed to validate the fetal 

seurobehavioral profile’s usefulness and reliability in a 
nical setting. 

I appreciate the interest in our work. 

Roderick F. Hume, Jr., MD, MAJ, MC, USA 


Department of Obstetrics and Gynecology, Walter Reed Army Medical 
Center, Washington, DC 20307-5001 


Preeclampsia—An endothelial cell disorder plus 
“something else”? 


To the Editors: We enjoyed the article by Roberts et al. 
(Roberts JM, Taylor RN, Musci TJ, et al. Preeclampsia: 
An endothelial cell disorder. AM J OBSTET GYNECOL 
1989;161:1200-4). This work brings up to date the 
ideas of Page’ (he also worked in San Francisco) and 
Beker.’ Their concept was one of uteroplacental isch- 
emia as the underlying pathophysiologic characteristic 
of preeclampsia. We agree with the idea that the clinical 
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syndrome of preeclampsia arises when placental per- 
fusion is poor. In some instances there may be under- 
lying vascular or autoimmune disease.” * We suggest 
that in many primigravid women the poor placental 
perfusion resulting from a failure of secondary tro- 
phoblast invasion seems to be related to a genetic,” ° or 
possibly immunogenetic,’ susceptibility. Roberts et al. 
do not offer any explanation either for the fact that 
preeclampsia is commonest in primigravid patients or 
for the protective effect of a first pregnancy.® Does this 
not suggest an involvement of the immune system,’ and 
if so, how? 
W. A. Liston 
Simpson Memorial Maternity Pavilion, Lauriston Place, E dinburgh, 
Scotland EH3 9EF 
D. C. Kilpatrick, BSc, PhD 


Blood Transfusion Department, Royal Infirmary of ee 
Edinburgh, Scotland EH3 9EF 
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Reply 
To the Editors: Drs. Liston and Kilpatrick correctly point 
out that.our hypothesis extends the role of reduced 
placental perfusion in the.development of the multi- 
systemic syndrome of preeclampsia, a concept origi- 
nally proposed by the late Professor E. W. Page of this 
department. Our proposal provides a rationale for the 
communication of this abnormality in the intervillous 
space to the many organ systems involved in the syn- 
drome. As pointed out, we feel that endothelial cell 
injury-activation by an agent(s) produced by poorly 
perfused trophoblast could explain the systemic ab- 
normalities observed in preeclampsia. Our hypothesis 
does not differentiate the several. causes of reduced 
perfusion but predicts that they converge to a common 
pathway, resulting in the production of this bioactive 
agent(s). 

It was not our purpose to explain how this reduced 
perfusion is initiated in first-pregnancy preeclampsia. 
We, as others, unfortunately have no direct information 
to identify the inciting pathogenetic event in this enig- 
matic disease. As Drs. Liston and Kilpatrick have dem- 
onstrated, there is good evidence that the “something 
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else” described in their letter involves a combination of 
genetic and immunologic factors. 

We feel strongly that any candidate as the intiating 
cause(s) of preeclampsia must account for reduced tro- 
phoblastic invasion, genetic predisposition to the dis- 
order, and the protective effect of exposure to paternal 
antigens, usually by a previous pregnancy. These phe- 
nomena may derive sequentially from the same pri- 
mary process. For example, the immunogenetic dissim- 
ilarity of mother and father, or mitigation of maternal 
immune “aggression” by previous exposure to paternal 
antigens, could influence the production of factors 
(e.g., blocking antibodies, activators of suppressor cells, 
etc.) that immunologically protect the trophoblast. If 
these factors are not present in a requisite amount, 
trophoblastic invasion may be retarded as part of an 
allogeneic rejection phenomenon. Alternatively, it is 
possible that independent mechanisms interact to pro- 
duce preeclampsia. In this scenario a genetically de- 
termined abnormality of trophoblast function reducing 
placental invasiveness might lead to preeclampsia only 
in the first pregnancy because it compounds a subtle 
form of the immunologic compromise proposed above. 
There are obviously numerous other combinations of 
independent factors (including preexistent microvas- 
cular disease) that could ae to generate the syn- 
drome. 

Recent advances in our TERETE of the fetal- 
maternal interface, such as the recognition of unique 
placental major histocompatibility antigens’ and the 
characterization of enzymes involved in trophoblastic 
invasion,” should accelerate our understanding of the 
complexities of normal and abnormal placentation and 
ultimately will allow the precise identification of “some- 
thing else.” 

James M. Roberts, MD, and Robert N: Taylor, MD, PhD 


Department of Obstetrics, Gynecology, and Reproductive Sciences, 
University of California, San Francisco, Room M-1489, 
San Francisco, CA 94143 
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Possible therapeutic applications of cordocentesis 


To the Editors: We read with interest the journal articles 
by Drs. Economides and Nicolaides et al. concerning 
antenatal detection of different metabolic disturbances 
in small-for-gestational-age (SGA) fetuses in samples 
obtained by cordocentesis.'* The data provided by 
these authors suggest reduced glucose supply as a 
reason for reduced growth,’ and show lower fetal in- 
sulin/glucose ratio,® and elevated fetal glycine/valine 
ratio,” in SGA fetuses. Most recently they showed that 
fetal hypertriglyceridemia may be used as a marker for 
hypoxemia in SGA fetuses." 

Intrauterine growth retardation is. second only, to 
prematurity in its association with perinatal morbidity 
and mortality. It may well be time to rekindle interest 
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in potential clinical application of cordocentesis— 
namely hyperalimentation as alluded to briefly by Wei- 
ner.” Because of its invasiveness and concern for infec- 
tion and possible bleeding, this procedure may be of 
importance in the management of only a limited group 
of very premature SGA fetuses caused by uteroplacen- 
tal insufficiency. Inasmuch as these fetuses often have 
reduced fetal movements, the ease of this procedure 
might be enhanced. 

Yet to be defined, aii with animal models, are 
the frequency and specific nutrients that would benefit 
these fetuses. Thought might be given to a chronic 
indwelling silastic catheter for continuous nutrition ac- 
cess similar to the Hickman catheter widely used for 
total parenteral nutrition. 

Another therapeutic potential of cordocentesis could 
be direct administration of steroids to enhance fetal 
pulmonary maturation. This would bypass the pla- 
centa, thus possibly shortening the 12 to 14 hour period 
that current maternal intramuscular treatment requires 
before beneficial changes are noted. We would be very 
interested to learn the above authors’ views on these 
potential clinical therapeutic applications that may 
widen the current therapeutic uses of cordocentesis. 

David M. Sherer, MD, and Jacques S. Abramowicz, MD 
Department of Obstetrics and Gynecology, Division of Maternal-Fetal 
Medicine, Box 668, Strong Memorial Hospital, University of 


Rochester School of Medicine and Dentistry, 601 Elmwood Ave., 
Rochester, NY 14642 
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Response declined 


Serum levels of interleukin-2 and tumor necrosis 
factor-a in women with recurrent abortion 


To the Editors: From an immunologic point of view a 
certain part of recurrent abortions must be considered 


Letters 1367. 


as a host-versus-graft reaction of the mother against 
the fetus. Inasmuch as elevated interleukin-2 levels 
were found during pregnancy' and elevated tumor ne- 
crosis factor-a levels were found during acute rejection 
crisis of allotransplants,” we determined levels of 
interleukin-2 and tumor necrosis factor-a in women 
with recurrent abortions. During weeks 6 and 14 of 
pregnancy in 92 women with at least three abortions, 
42 pregnant women without any complications, and 28 
healthy nonpregnant controls, serum samples were 
taken and analyzed by a radioimmunoassay (IRE Med- 
genix, Belgium), allowing the detection of 0.1 ng/ml 
tumor necrosis factor-a and 0.5 unit interleukin-2 per 
milliliter. Statistical analysis was performed with the 
Student ¢ test. 

We found an increase in tumor necrosis factor-a se- 
rum levels (p < 0.05) and a decrease in interleukin-2 
serum levels (p < 0.05) in women with recurrent abor- 
tion compared with women with normal pregnancies 
(Table I). In 52% of women with recurrent abortion 
but in only 24% of normal pregnant women no inter- 
leukin-2 serum levels could be detected. As far as it 
could be considered by our study, no differences con- 
cerning age or number of pregnancies could be ob- 
served. 

In accordance with these results one can presume 
that disturbances of maternal immune tolerance of the 
fetus in the meaning of rejection could be observed by 
increased tumor necrosis factor-a serum levels. Low 
serum levels of interleukin-2 in women with recurrent 
abortion could be associated with a lack of T and B cell 
growth, promoting effects that probably lead to insuf- 
ficient induction of a pregnancy, protecting maternal 
immune response. 

Peter Mallmann, Andreas Werner, and Dieter Krebs 


Department of Gynecology and Obstetrics, University of Bonn, Bonn, 
West Germany 53000 
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What is birth asphyxia? 

To the Editors: We read the article by Thorp et al. (Thorp 
JA, Sampson JE, Parisi VM, Creasy RK. Routine um- 
bilical cord blood gas determinations? AM J OBSTET 
GYNECOL 1989;161:600-5.) with interest. This has long 
been a concern of ours.’ We believe intensive investi- 
gation of cord-blood acid-base findings will substan- 


Table I. Tumor necrosis factor-« and interleukin-2 serum levels in women with recurrent abortions 





Control 28 0.88 + 6.2 

Normal 42 5.3 + 3.8 
pregnancy 

Recurrent 92 0.5 + 0.74 


abortion 


Interleukin-2 (U/ml) Tumor necrosis factor-a 
No. (mean + SD) (ng/ml) (mean + SD) 





0.98 + 7.2 — 
0.94 + 5.6 0.05 
15.8 + 14.2 0.05 
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tially assist in unraveling the mysteries of neonatal phys- 
iology and will also assist in the legal arena by eluci- 


dating cause and effect of subsequent infant neurologic 


outcome and by clarifying the result of actions by the 
medical practitioner. 

We were somewhat disturbed by the use of the term 
birth asphyxia. What is birth asphyxia? The authors did 
not define it, yet make statements such as “. . acidemia 
is the most sensitive indicator of birth asphyxia at the 
time of delivery” and “. . .umbilical cord pH is also use- 
ful in ruling out the diagnosis of birth asphyxia in the 

_depressed newborn.” Can it be diagnosed only with a 
pH? How can one rule out a diagnosis if it is not de- 
fined? 

Asphyxia literally means “a stopping of the pulse.” 
In common usage it imphes suffocation, a lack of oxy- 
gen, and probably an increase in carbon dioxide ten- 
sion. That definition was sufficient until blood gas mon- 
itoring became available, but is it good enough now? 
Can asphyxia be present without hypercarbia? Is an 
anoxic infant necessarily acidemic? The definition of 
asphyxia that we prefer is “acidesis, hypoxia and hy- 
percarbia.”* Granted, there are rare instances in which 
hypoxia could be present without hypercarbia. Ac- 
tually, all infants are asphyxiated at birth (acidotic, hyp- 
oxic, hypercarbic)! The question is what degree of phys- 
iologic derangement must be present to cause depres- 
sion (Apgar score <7)? The authors defined a normal 
umbilical artery pH as the mean minus 2 SD (the lower 
limit of normal would then be 7.10). A pH of 7.10 
would seem to be a very low finding indeed, and yet 
be considered normal. 

The fact that a majority of the depressed infants had 
a normal pH (77.8%) and 2.1% of the vigorous infants 
exhibited umbilical artery acidemia supports the no- 
tion that the Apgar score should be used as it was 
intended—to identify the neonate that needs resusci- 
tation; it should and must never be used as an objective 
evidence of asphyxia. Again, the finding that the ma- 
jority of the depressed infants had a normal pH makes 
one wonder about the sensitivity of pH as a test. 

Birth asphyxia is a term that we believe should be dis- 
carded. Thorp et al. probably did not define it for good 
reason—it is probably impossible and undesirable to 
define in these days of greater precision. In the past, 
whenever an infant was born in a depressed state, the 
child was said to be experiencing birth asphyxia. No 
more. Drs. Silverman* and Yeomans’ do not even use 
the term birth asphyxia (except in their references), and 
Dr. Page® used it sparingly. 

We urge Drs. Thorp et al. to either define the term 
(can pH alone be used?) or abandon it (except in a 
historical sense). 

Richard B. Clark, MD, and J. Gerald Quirk, MD, PhD 


Departments of Anesthesiology and Obstetrics! Gynecology, University 
of Arkansas, 4301 W. Markham, Mail Slot 515, Little Rock, AK 
72205-7199 
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Reply 
To the Editors: We appreciate the authors’ interest in our 
research, It seems rather naive to hope that the term 
birth asphyxia will disappear. Birth asphyxia is variously 
defined by numerous authors as you point out. It may 
be defined as acidemia, hypercarbia, and hypoxia.' On 
the other extreme, birth asphyxia may be more rigidly 
defined to include biochemical criteria (hypoxia, hy- 
percarbia, acidemia) and clinical criteria (birth depres- 
sion and end-organ evidence of hypoxic damage in the 
newborn period e.g., early neonatal seizure, renal or 
cardiac dysfunction).* Birth asphyxia, by anyone’s def- 
inition, at the very least must include acidemia. A pH 
=2 SD below the mean for a population is a satisfactory 
definition for acidemia. Then, an umbilical cord arte- 
rial Ph of =7.10 is a reasonable cut-off according to 
the larger studies” * and certainly is consistent with the 
observation that the typical neonatal sequelae of birth 
asphyxia rarely occur at a pH above this value.’ ` 

The following statement: “the finding that thé ma- 
jority of the depressed infants had a normal pH makes 
one wonder about the sensitivity of the pH as a tesz,” 
suggests that the authors have missed a very important 
point. If the pH is testing for neonatal depression then 
certainly it is insensitive. However, the pH is not testing 
for neonatal depression. The pH is testing for birth 
asphyxia, and it is extremely sensitive because it has no 
false-negative results (1.e., birth asphyxia does not occur 
in the presence of a normal pH). Umbilical cord blood 
pH is not specific because it has a very high false- 
positive rate (i.e., the majority of babies born with cord 
blood acidemia develop normally).° The finding that 
the majority of depressed infants had a normal pH 
should not make one wonder about the sensitivity of 
pH as a test; rather, it underscores the important fact 
that there are many causes of neonatal depression other 
than birth asphyxia (e.g., drugs, trauma, aspiration of 
pharyngeal secretions, neonatal manipulation, con- 
genital anomalies, antepartum fetal insults, and pre- 
maturity). 

James A. Thorp, MD 

St. Lukes Hosptial, 4400 Wornall Road, Kansas City, MO 64111 
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Embryo migration responsible for 

ectopic pregnancies 

To the Editors: We read with interest the case reported 
by Weyerman and colleagues (Weyerman PC, Ver- 
hoeven AThM, Alberda ATh. Cervical pregnancy after 
in vitro fertilization and embryo transfer. AM J] OBSTET 
GYNECOL 1989;161:1145-6.). The authors suggest that 
manipulation of the cervical canal, as in embryo trans- 
fer, is important in the etiology of cervical pregnancy af- 
ter in vitro fertilization. We believe that embryo migra- 
tion, rather than cervical manipulation, is responsible 
for the different forms of ectopic and heterotopic preg- 
nancies in patients at high risk for ectopic implantation. 

We have reported a case of cervical pregnancy after 
gamete intrafallopian transfer,’ which involves no cer- 
vical manipulation. With regard to management of the 
cervical pregnancy, the confirmation of the diagnosis 
was made late in the pregnancy, thereby making its 
termination more difficult and hazardous. Therefore 
the authors allowed the pregnancy to continue, a sit- 
uation that finally caused hysterectomy to become nec- 
essary with loss of reproductive function. 

We believe that ultrasonography, particularly trans- 
vaginal, will enable early diagnosis of cervical preg- 
nancy after in vitro fertilization or gamete intrafallo- 
pian transfer. Once the diagnosis is confirmed, termi- 
nation of the pregnancy surgically, as in our case,' or 
with methotrexate? should be offered to the patient 
because the risk of hemorrhage is much higher after 8 
weeks’ gestation. 

Botros Rizk, MB, BCh, and Peter Brinsden, MB, BS 


The Hallam Medical Centre, 112 Harley St., London, England 
WIN IAF 
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Response declined 


Responsibility expands to extended 
family members 


To the Editors: Neonatal alloimmune thrombocytopenia, 
the platelet equivalent of hemolytic disease of the new- 
born, is a result of maternal antiplatelet antibodies 
formed against incompatible fetal platelet antigens.'” 
At least 80% of cases are a result of a lack of the 
PL-A1 antigen on maternal platelets, which is present 
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on the paternal and affected infant platelets.* ° Al- 
though much about this entity is not well understood, 
it occurs in 1 of 2000 to 1 of 5000 live births, with high 
rates of morbidity and mortality from the intracranial 
hemorrhage that occurs in 10% to 40% of the affected 
infants.” Because 25% to 50% of the often severe in- 
tracranial hemorrhages may occur antenatally,*™ cur- 
rent efforts have been expanded to include in utero 
treatment as well as postnatal intervention." **° The 
extremely high risk (>85%) of subsequent pregnancies 
also being affected underlines the importance of cor- 
rect diagnosis of the infant, with appropriate family 
counseling and education." ? 

An inquiry from the mother of one of our recent 


neonatal intensive care unit graduates diagnosed with 


neonatal alloimmune thrombocytopenia has high- 
lighted our responsibility to obtain a complete family 
pedigree and offer genetic counseling and appropriate 
platelet screening to extended family members of such 
infants. In this case, the pregnant maternal aunt of the 
affected infant requested information regarding the 
chances of her unborn child being affected with neo- 
natal alloimmune thrombocytopenia. Information re- 
garding the disease manifestations and risks to future 
pregnancies had been discussed with the parents of the 
index case at the time of diagnosis. However, formal- 
ized genetic counseling had not been offered to ex- 
tended family members. 

Some sources recommend obtaining a family pedi- 
gree to identify possible PL-Al antigen-negative plate- 
let donors for future affected infants.? The few ref- 
erences that recommend family pedigree and complete 
platelet testing of all female relatives of the affected 
infant’s mother to identify more women at risk of de- 
livery of an infant with neonatal allormmune throm- 
bocytopenia are found mainly in the hematologic lit- 
erature. Because this literature is not generally read 
by obstetricians, perinatologists, and neonatologists, it 
was deemed pertinent to alert these medical care pro- 
viders to the need for family pedigree-targeted platelet 
antigen testing and genetic counseling in families of 
infants with neonatal allo1mmune thrombocytopenia. 

Current research on neonatal  alloimmune 
thrombocytopenia—its cause, clinical course, and an- 
tenatal and postnatal treatment—indicates that both 
antenatal and immediate postnatal treatment may con- 
siderably lessen the morbidity and mortality rates of 
this disorder.'*:* 7° For this reason, we who have direct 
contact with families of such infants should make extra 
efforts to identify all females at risk of the delivery of 
an affected infant. 

Kay L. Saving, MD, Redney A. McLaren, MD, 
Tim C. Miller, MD, and Mary O'Connor, MSSW 


Departments of Pediatrics and Obstetrics and Gynecology, Untuerstty 
of Illinois, One Illini Dr., Box 1649, Peoria, IL 61656 
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Does prophylactic amnioinfusion make 
a difference? 


To the Editors: I read the recent article by Strong 
et al. (Strong TH, Hetzler G, Paul RH. Amniotic fluid 
volume increase after amnioinfusion of a fixed volume. 
Am J OBSTET GYNECOL 1990;162:746-8) with great in- 
terest. 

I do have some questions about the article. First, why 
did they feel the need to warm the normal saline so- 
lution to 37° C? Miyazaki and Taylor’ noted that the 
blood warmer “proved to be unnecessary as long as 
the infusion rate was limited to 10 to 15 ml per 
minute.” 

Second, the authors state, “the mean change in am- 
niotic fluid index for those with preinfusion amniotic 
fluid index values of >5.0 cm (n = 15) was 4.0 + 0.8 
cm.” Why would they amnioinfuse patients who do not 
meet the criteria of oligohydramnios’? Moreover, both 
Rutherford et al.* and Sarno et al.* showed adverse 
intrapartum outcome among patients with amniotic 
fluid index values =5.0 cm, not =5.0 cm. 

Third, and most important, does prophylactic saline 
solution amnioinfusion among patients with amniotic 
fluid index values <5.0 cm decrease the incidence of 
recurrent severe variable fetal heart rate decelerations 
and the associated morbidity of cesarean section for 
fetal distress? 

Suneet P. Chauhan, MD 
USNH Naples, Italy, Box 19, FPO New York, NY 09521-0700 
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Reply 
To the Editors: We appreciate the attention and com- 
ments directed to our manuscript by Dr. Chauhan. 

During our study the infusion rate approached 20 
ml/min, thus exceeding Miyazaki and Taylor’s maxi- 
mum recommended rate for infusion of room tem- 
perature saline solution. When the amnioinfusate bottle 
is held 3 to 4 feet above the infusion catheter tip, as it 
is during most amnioinfusion procedures, the rate of 
infusion will be 20 ml per minute.’ Therefore it can be 
expected that a significant number of women who re- ` 
ceive gravity-flow amnioinfusion will exceed the “15 ml] 
rule” and thereby be at increased risk if room temper- 
ature: saline solution issued. Whereas slower infusion 
rates can be used, the initial bolus of fluid should be 
infused relatively rapidly to be effective. If the am- 
nioinfusate bag is held <3 feet above the catheter tip, 
the rate of amnioinfusion may be too slow to have clin- 
ical utility, especially in the setting of severe variable 
fetal heart rate decelerations or bradycardia. Moreover, 
reversal of How through the infusion catheter can occur 
if the saline solution bag is held so low that intrauterine 
pressure exceeds that of the incoming saline solution. 

To answer the second question, our study protocol 
for prophylactic amnioinfusion stipulated that each 
subject was to receive infusion until an amniotic fluid 
index of at least 8 cm was obtained. Rutherford and 
associates* showed that intraobserver and interobserver 
error in determining the amniotic fluid index can be 
as large as 2 cm. An amniotic fluid index =8 cm was 
chosen as a goal because it was above the 5 cm “at risk” 
level and well outside the range of measurement error. 
As amnioinfusion appears to be a relatively safe pro- 
cedure, augmenting the amniotic fluid index to 8 cm 
likely does no harm and provides an extra margin of 
safety against intrapartum leakage. Despite this, an am- 
niotic fluid index of 8 cm falls well below the mean for 
third-trimester gestations.* * 

Does prophylactic amnioinfusion make a difference? 
Clearly. In a randomized clinical trial of 60 laboring 
women with amniotic fluid index values <5 cm, the 
amnioinfused group had significantly lower rates of 
meconium passage, severe variable decelerations, end- 
stage bradycardias, and operative intervention for fetal 
distress.° In addition, significantly higher umbilical ar- 
terial pH values were noted in the infusion group. 

As Dr. Chauhan points out, Sarno and associates*” 
have suggested that the laboring gravida with an am- 
niotic fluid index =5 cm is at significantly increased 
risks of adverse fetal outcome. Combination of early 
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intrapartum amniotic fluid index assessment with pro- 
phylactic amnioinfusion might favorably impact the 
outcome of oligohydramnic fetuses. Rather than using 
severe variable decelerations or bradycardia to trigger 
amnioinfusion, Sarno’s “fetal admission test” may iden- 
tify early in labor those in whom ominous patterns are 
likely to develop at a time when amnioinfusion can be 
done under more controlled, relaxed conditions. 
Therefore, we propose that detection and correction 
of oligohydramnios early in labor has more utility than 
a protocol that waits for the appearance of ominous 
patterns before reacting. With the knowledge that 250 
ml of normal saline solution will increase the amniotic 
fluid index by roughly 4 cm, the practitioner can use 
amnioinfusion more effectively by titrating the infusion 
to an appropriate amniotic fluid index. 

Thomas H. Strong, Jr., MD 


Phoenix Perinatal Associates, 1300 N. 12th, #320, Phoenix, AZ 
85006 


Gretchen Hetzler, MD, and Richard H. Paul, MD 


Department of Obstetrics and Gynecology, Los Angeles 
County/Untverstty of Southern California Women’s Hospital, 
1240 N. Mission Road, Room 5K40, Los Angeles, CA 90033 
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Cordocentesis and immune 
thrombocytopenia— Continued 


To the Editors: I thank Dr. Daffos for his response’ to 
my letter of inquiry’ requesting references to support 
his conclusion that fetal blood sampling should be used 
in the evaluation of pregnancies complicated by au- 
toimmune thrombocytopenia. My specific request was 
stimulated by his statement that “The occurrence of 
fetal bleeding accidents during pregnancy is more fre- 
quent in this condition (i.e., autoimmune thrombocy- 
topenia) than in cases of alloimmunization, so it is im- 
portant to know the fetal platelet count as early as pos- 
sible to attempt to treat the fetus via maternal therapy.” 
In response to my query, Dr. Daffos offered seven ref- 
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erences to support this statement. I have reviewed each 
and find them lacking. 

The first reference was a commentary in the British 
Journal of Obstetrics and Gynaecology concerning both au- 
toimmune thrombocytopenia and alloimmune throm- 
bocytopenia.* No where in the Discussion section do 
the authors suggest or report evidence of fetal hem- 
orrhage as a result of autoimmune thrombocytopenia. 
They do reference several publications (some of which 
Dr. Daffos included). None of these publications doc- 
uments a single instance of a fetal hemorrhage from 
autoimmune thrombocytopenia. All the untoward com- 
plications of autoimmune thrombocytopenia occurred 
in the neonatal period. 

‘lhe second reference also appeared in the British 
Journal of Obstetrics and Gynaecology.’ It reviews 51 preg- 
nancies complicated by autoimmune thrombocyto- 
penia. It includes six neonates delivered vaginally 
whose platelet counts were <50,000. As summarized 
on page 681 of that article, all bleeding complications 
occurred in the neonatal period. 


The third reference offered® was a review article in 
Annals of Internal Medicine. Dr. Kelton effectively argues 
the opposite of Dr. Daffos that the outcome of preg- 
nancies complicated by autoimmune thrombocytopenia 
is not as bad in prospective studies as suggested by 
isolated case reports. He cites his unpublished study in 
which only 10 of 94 live-born infants had a hemostatic 
defect and all bleeding complications occurred in the 
neonatal period. In a prior report on autoimmune throm- 
bocytopenia (AM J OBSTET GYNECOL 1982; 144:449), 
Dr. Kelton reported on 41 pregnancies in which there 
were five stillbirths or late abortions. Two women had 
lupus, two had preeclampsia, and the fifth had negative 
test results for platelet associated immunoglobulin G. 

The fourth reference was cited erroneously.’ The 
correct page number follows this letter. Drs. Hind 
et al. report a single case of autoimmune thrombocy- 
topenia treated at 36 weeks’ gestation with gamma- 
globulin. There were no fetal or neonatal bleeding com- 
plications. The authors then reviewed 18 reports of 159 
deliveries published between 1973 and 1982. There 
were no instances of antenatal hemorrhage. All peri- 
natal bleeding complications occurred in the neonatal 
period. Perinatal mortality was not broken into the fetal 
and neonatal periods. However, the perinatal loss rate 
and neonatal intracranial hemorrhage rate happen to 
be the same (2.4%). 

The fifth reference® appeared in the British Medical 
journal. This is a case report of a single fetus; the 
mother was treated with immune globulin before de- 
livery. The neonatal platelet count was normal after 
spontaneous vaginal delivery. 

The sixth reference? appeared in the AMERICAN 
JOURNAL OF OBSTETRICS AND GYNECOLOGY. These au- 
thors studied alloimmune thrombocytopenia and 
therefore it is not relevant for the assignment of risk 
from autoimmune thrombocytopenia. 
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The final reference that Dr. Daffos supplied ap- 
peared in Obstetrics and Gynecology." This report reviews 
five cases. In case one the bleeding complications were 
limited to the neonatal period. In case two the history 
is more consistent with alloimmune thrombocytopenia 
inasmuch as maternal thrombocytopenia could never 
be documented. In case three the woman had a severe 
preeclampsia associated with thrombocytopenia and 
the fetus had a norma! platelet count. In case four there 
was an intrauterine fetal death at 28 weeks’ gestation 
when the patient’s platelet count was normal. No evi- 
dence of fetal hemorrhage during the intrapartum pe- 
riod was apparently found. In case five there were no 
bleeding complications. 

I do not suggest that it poses absolutely no risk to 
the fetus. I accept antenatal hemorrhage has probably 
occurred. However, it is hard to believe that if autoim- 
mune thrombocytopenia posed a sizable fetal risk, an- 


tenatal hemorrhage would not already have been doc- 


umented in the literature considering its frequency of 
occurrence. A rare loss should be expected because a 
sizable percentage of women with autoimmune throm- 
bocytopenia have other disorders such as lupus. This 
disorder must be separated from alloimmune throm- 
bocytopenia where the fetal risk is sizable. 

In summary, none of the references provided by Dr. 
Daffos offers any support for his statement that au- 
toimmune thrombocytopenia poses a significant risk to 
the fetus. To recommend cordocentesis without doc- 
umentation as to what the risk of disease to the fetus 
is perpetuates a modern myth. Cordocentesis poses a 
small but finite fetal risk even inthe best hands and 
complications of procedures performed for this indi- 
cation have been reported." We will all agree that dur- 
ing the neonatal period, autoimmune thrombocyto- 
penia does pose a risk. However, most of the neonatal 
complications can be prevented by modern practices. 
There is no justification to place the fetus at greater 
risk by performing an unindicated, invasive procedure. 

Carl P. Weiner, MD 


Maternal Fetal Medicine, Department of Obstetrics and Gynecology, 
University of Iowa, Iowa City, IA 52242 
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Maternal serum unconjugated estriol levels are 
lower in. the presence of fetal Down syndrome 


To the Editors: The recent article by Macri and his 
colleagues (Macri JN, Kasturi RV, Krantz DA, Cook Ef, 
Sunderji SG, Larsen JW. Maternal serum Down 
syndrome screening: unconjugated estriol is not useful. 
AM J OBSTET GYNECOL 1990; 162:672-3) has prompted 
us to summarize all the published data sets that have 
come to our attention that examine the relation be- 
tween unconjugated maternal serum estriol levels in 
the second trimester and fetal Down syndrome (af- 
fected pregnancies). Table I lists the study site, number 
of affected pregnancies, and median unconjugated es- 
triol multiples of the median in affected pregnancies. 


An additional data set that includes 54 affected preg- 


nancies with a median unconjugated estriol of 0.71 mul- 
tiples of the median has come to our attention 
(MacDonald M, Wagner R. Genetrix, Scottsdale, Ariz. 


Table I. Median maternal serum unconjugated 
estriol levels in pregnancies with fetal Down 
syndrome in the second trimester 


Unconjugated 
estriol 
multiples of 
the median in 













affected 
Site and reference pregnancies 

Michigan’ 0.52 
Massachusetts? 0.62* 
Texas? 0.70 
Oxford, England’ 0.73 
Denmark$ 0.74 
Rhode Island/Maine® 22 9.79 
New York’ | 4] 1.00* 
TOTAL 256 0.75+ 


*Ratio of unconjugated estriol in affected to unaffected 
pregnancies. 


+tWeighted for the number of affected pregnancies. 
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Personal communication) but is not included in Ta- 
ble I because it is not yet published. 

As a group, the studies yield a median unconjugated 
estriol of 0.74 multiples of the median for affected 
pregnancies, with a range of 0.52 to 0.99. This range 
of values is similar to the range of values reported for 
a-fetoprotein by various centers,® after its discovery as 
being associated with Down syndrome in 1984. With a- 
fetoprotein, the assembled data also contained one 
value from a study that failed to find an association. 
Ulumately the group consensus was found to be cor- 
rect, and this 1s likely to be the case with unconjugated 
estriol as well. 


James E. Haddow, MD, Glenn E. Palomaki, BS, and . 


George J. Knight, PhD 
Foundation for Blood Research, Scarborough, ME 04074 
Jacob A. Canick, PhD 
Brown University, Women and Infants Hospital, Providence, RI 
Nicholas J. Wald and Howard S. Cuckle, DPhil 
Medical College of St. Bartholomew’s Hospital, London, England 
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Reply 

To the Editors: Dr. Haddow et al. call attention to the 
fact that our published research findings’! on uncon- 
jugated estriol differ from the findings of others.?° It 
is precisely this fact that prompted our publication. On 
the basis of a number of studies, the theoretic basis 
used by Haddow et al. and their research findings de- 
serve close scrutiny before implementation. In a review 
of references cited by the authors of the letter we find, 
in fact, support for our caution about the ineffective- 
ness of unconjugated estriol: 
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The results suggest that while BhCG levels are independent 
of the DS ascertainment method, UE levels are low in the [low] 
AFP group and normal in the [normal] NAFP group. Thus, 
UE and AFP may not be independent markers in DS preg- 
nancies. 
Fisher et al." 
This analysis largely confirms the previous statistical analysis 
of Wald et al.; however, the relative benefit of using uncon- 
jugated estriol levels should be studied in greater detail. 
Del Junco et al.? 
The screening performance based on these two markers 
[MSAFP and hCG] and age does not seem much inferior to 
that obtainable by including estriol also. 
Norgaard-Pedersen et al.® 


Additional publications on maternal serum unconju- 
gated estriol in Down syndrome screening reveal the 
following: 


If only two of the three biochemical tests are to be used alpha- 
fetoprotein and human chorionic gonadotropin concentra- 
tions is the pair of choice, as alpha-fetoprotein concentration 
is of separate value in screening for neural tube defects and 
the performance of alpha-fetoprotein and human chorionic 
gonadotropin concentrations in combination is not much 
worse than that of unconjugated oestriol and human chortonic 
gonadotropin concentrations in combination. 

Wald et al.’ 


Our assay results show the SD [standard deviation] of the MSE 
MoM for the unaffected population to be greater than re- 
ported. This means greater overlap of the Down’s and un- 
affected populations and less effectiveness as a screening test. 
Swanson® 
Our model, without the additional measurement of uncon- 
jugated estriol levels, appears to be comparable in sensitivity 
to the analysis proposed by Wald et al. 
Petrocth et al? 
Canick"® postulated that, because maternal serum a- 
fetoprotein was lower in cases of Down syndrome (be- 
cause of lowered fetal liver production), other markers 
of fetoplacental origin, specifically unconjugated es- 
triol, should also be lowered. However, Seller! has 
shown that before 20 weeks’ gestation the production 
of a-fetoprotein is not lower in cases of Down syndrome 
than that in chromosomally normal fetuses. This ob- 
servation challenges the theoretic basis of the findings 
of Canick. 

In another study" from this laboratory, the data show 
that with the use of certain assays that measure mater- 
nal serum unconjugated estriol, marginally higher lev- 
els are found in Down syndrome cases compared with 
controls. Hence unconjugated estriol may not only fail 
to contribute to detection efficiency of this syndrome, 
but actually reduce the overall effectiveness of Down 
syndrome screening. In view of such findings great cau- 
tion should be exercised before implementation. 

Rather than caution, rapid commercialization of a 
Down syndrome screening protocol including uncon- 
jugated estriol is in progress. This is apparent from 
commercial advertisements that have appeared regu- 
larly in the clinical obstetric and genetic literature of- 
fering the routine use of unconjugated estriol. During 
this early developmental stage in Down syndrome 
screening it is inappropriate to subject clinicians and 
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patients to the uncertainty about the effectiveness of 
unconjugated estriol that exists in the biomedical re- 
search community. If the very investigators who find 
low levels of unconjugated estriol are equivocal and 
skeptical of its use as a marker in Down syndrome 
screening, patients and physicians should not be 
pressed to premature human investigation, much less 

to routine clinical use. 
James N. Macri, PhD, Ramana V. Kasturi, BE, MS, 
David A. Krantz, BS, and Edward J. Cook, PhD 


Research Division, NTD Laboratories, Inc., 383 Old Country Road, 
Carle Place, NY 11514 


Shirazali G. Sunderji, MD 


Department of Obstetrics and Gynecology, SUNY Health Sctence 
Center, 725 Irving Ave., Suite 115, Syracuse, NY 13210 


John W. Larsen, Jr., MD 


Department of Obstetrics and Gynecology, George Washington 
University Medical Center, 2150 Pennsylvania Ave., N.W., 
Washington, DC 20037 
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Measures of test performance and 
predictive values 


To the Editors: 
So all my best is dressing old words new. 
Shakespeare 
Sonnet 76 

In their recent article dealing with the prediction of 
residual trophoblastic tissue after first-trimester abor- 
tion, Schiff et al. (Schiff E, Ben-Baruch G, Moran I, 
et al. Prediction of residual trophoblastic tissue in 
first-trimester abortion and low levels of human cho- 
rionic gonadotropin B-subunit. AM J OBSTET GYNECOL 
1990; 162:797-801) commented on page 800 that “this 
test has a sensitivity of 86.4%, and a false-negative rate 
of 3.2% but a specificity of 60.5% and a false-positive 
rate of 75.9%.” It issan elementary fact that the false- 
negative rate and the true-positive rate (or sensitivity) 
ofa test add up to one (or 100%, depending on whether 
these rates, which are infact fractions, not true “rates,” 
are expressed as proportions or percentages); the same 
applies to the false-positive rate and the true-negative 
rate (or specificity) of a test. Therefore it is self-evident 
that the above figures cannot be correct. 

As if to underscore the need to keep separate in 
one’s mind measures of test performance (true-positive 
rate, false-negative rate, true-negative rate, and false- 
positive rate) and predictive values, which I suggested 
in a previous letter could best be done by thinking of 
these fractions in terms of conditional probability,’ 
these authors have confused their test’s false-negative 
predictive value with the false-negative rate and the 
test’s false-positive predictive value with the false- 
positive rate. In fact, the false positive rate of their test 
was 39.5% (60/152); since the sensitivity was 86.4%, the 
likelihood ratio of the test, which is the true positive 
rate divided by the false-positive rate, is 2.2. This in 
turn means that the prior odds on disease (disease, in 
the present context, refering to the presence of residual 
trophoblastic tissue in the uterus) are roughly doubled 
if the test is positive (Posterior odds = Prior odds x 
Likelihood ratio). | 

The prior odds on disease in the study were 1:7 
(22: 152); therefore the posterior odds are 2:7, and the 
posterior probability of disease 2:9, or approximately 
22%. (If O stands for odds, and p stands for probability, 
then p = O/1 + O, and O = p/1 — p). Thus, even if 
we were to intervene for a positive test result (i.e., only 
if the authors’ k-value was above the designated value), 
the woman in question would still be four times more 
likely not to have, than to have, residual tissue in the 
uterus. Or, to put the matter the other way around, the 
authors have tried to persuade us that we would inter- 
vene unnecessarily less often if we used their test than 
if we did not. In fact, the opposite is true, given that 
with a prevalence of residual tissue of only 12.6% no 
one would adopt a policy of routine curettage for such 
patients. 

That is not to say that the authors’ test provides no 
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diagnostic information, even if that information is of 
questionable practical value. If the consequences of de- 
laying a necessary curettage were sufficiently detri- 
mental as to warrant curettage in all women (and there 
is no evidence that it is), then the authors’ test would 
enable one to reduce the number of unnecessary cu- 
rettages needed to avoid delaying one necessary cu- 
rettage from 7 to 3 (with delay nonetheless occurring 
in approximately 14% of cases requiring curettage). 
This all presupposes, of course, that the authors’ 
method is valid, which it is not, because it is an example 
of what might be called statistical tautology. They have 
defined the test using data from 174 patients and then 
proceeded to test the efficacy of that test on the same 
174 patients. Regression toward the mean will always 
ensure that a given data set will maximize the perfor- 
mance of a test defined on that data set. Per contra, the 
utility of the test when applied to future data sets will 
always be less. (This is the statistical basis underlying 
what I believe used to be called the “gee-whiz” phe- 
nomenon). One therefore needs no prospective ran- 
domized study to deduce that the authors’ method will 
not perform as well in future data sets as it did in the 
original sample of patients. 

Nicholas Kadar, MD 


Department of Obstetrics and Gynecology, Albert Einstein Medical 
Center, Klein Building, Suite 410, 5401 Old York Road, 
Philadelphia, PA 19141 
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Reply 
To the Editors: 
Why with the time do I not glance aside to new- 
found methods and to compounds strange? 
Shakespeare 
Sonnet 76 
We read with interest Dr. Kadar’s comments on our 
article. It seems that there is disagreement regarding 
- the way of calculating the false-positive rate and the 
false-negative rate. This difference of opinion is also 


expressed in the letters of Dr. Kadar and Dr. Kolins 


published in the JOURNAL.'? We prefer to use Dr. Ko- 
lins’ method by which the false-positive rate is calcu- 
lated as the percentage of all positive results that were 
false-positive. In this way the false-positive rate com- 
plements the positive predictive value and not the spec- 
ificity to 1. It seems to us that in this way the disad- 
vantage of the test is more clearly presented. However, 
since we are dealing with definitions only, which do not 
change the character of the results, it would be even 
simpler to represent the false-positive rate in our study 
as 39.5% instead of 75.9% and this last value as 
1 — Positive predictive value. 

The statement that curettage is not performed rou- 
tinely in women such as those described in our study 
is incorrect. Many physicians are not aware that residual 
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trophoblastic tissue is identified in the curettings in only 
13% of these cases. In many centers, as we know, even 
if one is aware of this fact, it is preferred to perform 
a curettage, or at least the question arises as to which 
women should undergo curettage. This is exactly the 
clinical question we attempted to answer. Therefore, 
even if the posterior odds ratio is 2:7 and the likelihood 
ratio of the test is 2.2, a significant percentage (60%) 
of the curettages could have been prevented. This does 
not conflict with the fact, also pointed out by us, that 
there is still a high proportion among the remaining 
40% of curettages performed that were unnecessary. 
Eyal Schiff, MD, Ortt Moran, MD, Gilad Ben-Baruch, MD, 
and Joseph Menczer, MD 


Department of Obstetrics! Gynecology, Sheba Medical Center, 
Tel-Hashomer, Israel 
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Toxicity of vancomycin given during pregnancy 


To the Editors: In a recent issue of the JOURNAL Reyes 
et al. (Reyes MP, Ostrea EM, Cabinian AE, Schmitt C, 
Rintelmann W. Vancomycin during pregnancy: Does it 
cause hearing loss or nephrotoxicity in the infant? Am 
J OBSTET GYNECOL 1989;161:977-81) concluded that 
vancomycin administration during pregnancy does not 
produce nephrotoxicity in the newborn infant since 
plasma creatinine levels were within normal limits at 
birth. Noteworthy is the fact that it is usually admitted 
that maternal and fetal plasma creatinine levels are 
physiologically equilibrated at birth.*? For instance, the 
comparison of plasma creatinine levels (mean + SEM) 
obtained at the time of birth in 16 neonates (7.75 + 
0.83 mg/L) and their mothers (6.67 + 0.80 mg/L) dis- 
closed a strongly significant relationship (r = 0.969; 
p < 0.001) (unpublished data). Subsequently, plasma 
creatinine levels progressively decline from birth to the 
fifth day of life in term neonates and to the twenty-first 
day of life in preterm infants.’* Thus plasma creatinine 
level at birth is not a reliable marker of glomerular 
filtration rate,° and the study of Reyes et al. does not 
allow any conclusion to be drawn on vancomycin’s 
nephrotoxicity in newborn infants. Further studies us- 
ing creatinine or inulin clearances are needed. 

J. B. Gouyon, MD, and A. M. Petion, MD 


_ Service de Pédiatrie 2, Hôpital d'Enfants, Bd Mal de Lattre de 


Tassigny, 21034, Dijon Cedex, France 
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Reply 

To the Editors: We agree with Drs. Gouyon and Petion 
that plasma creatinine levels of the infant at birth are 
affected by placental clearance and may be normal. In 
our study serum creatinine levels were obtained 4 to 6 
days after birth in seven of 10 infants born to drug- 
dependent mothers who received vancomycin during 
pregnancy. We believe that some elevation of the serum 
creatinine level would have been evident in these in- 
fants at the time of blood sampling if significant renal 
dysfunction occurred in utero. 

Milagros P. Reyes, MD, and Enrique M. Ostrea, Jr., MD 
Huizel Hospital, 4707 St. Antoine Blud., Detroit, MI 48201 


Ethics of new reproductive technologies 


To the Editors: The recent discussion of ethics and re- 
production by Professor Macnaughton (Mcnaughton 
M. Ethics and reproduction., AM J OBSTET GYNECOL 
1990;162:879-82) deserves additional comment. His 
opening paragraph discusses our objective as physicians 
as one of doing good and not harm, and I believe that 
this is an admirable goal. However, the bulk of his re- 
maining discussion ignores the irreparable harm in- 
flicted on patients from the various reproductive tech- 
nologies. 

Specifically his compilation of deaths as a result of 
pregnancy- -related comphcations and illegal abortions 
is not compared to the millions of deaths of human 
fetuses by sanctioned abortions. Nor does it address the 
psychological harm suffered by the person undergoing 
the abortion. 

The ethical opinion expressed regarding human em- 
bryo research adroitly skirts the issue of life but rather 
dwells on a concept of personhood to justify this harm. 
What respect is shown to this life if it is not allowed to 
complete its potential? 

Advances in reproductive technologies that maintain 
respect for human life should be pursued and applied 
to the care of our patients. Those that prevent this life 
from reaching its potential are unworthy of our pro- 
fession. 

| Robert J. Blaskiewicz, MD 
2821 North Ballas Road, St. Louis, MO 63131 

Reply 
To the Editors: Professor Blaskiewicz in his letter puts 
forward the usual arguments of the so-called pro-life 
lobby. I am not clear how he comes to the conclusion 
that the new reproductive technologies have inflicted 
irreparable harm on patients. I can only conclude that 
he has not been involved himself and really knows noth- 
ing about this because my own experience is exactly the 
opposite. 

His arguments against abortion are the usual ones. 
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He seems to be able to tolerate 20% of maternal deaths 
in the world being due to illegal abortion when we know 
legal abortion would greatly reduce all this suffering. 
I consider that quite unacceptable from an ethical point 
of view. He, of course, must equate the value of a fetus 
or an embryo above that of the mother and again I 
cannot agree. 

Questions of the origin of life are philsophical and 
moral ones. Professor Blaskiewicz seems to consider the 
early embryo to deserve the same respect as a child or 
an adult. He is entitled to that view, of course, but I do 
not share it and neither does the British Parliament, 


= which recently voted overwhemlmingly for embryo re- 


search to continue under strict control. He also seems 
to consider that potential life deserves the same respect 
as actual life. That is similar to saying that because the 
Prince of Wales is a potential king he must be treated 
as a king. Patently not true. 

I take exception to the implication that those of us 
involved in new reproductive techniques and in the 
prevention of maternal death are less caring than the 
so-called pro-life lobby and I am sure the majority of 
women have the same view. 

Professor Sir Malcolm Macnaughtan 


University Department of Obstetrics and Gynaecology, Royal 
Infirmary, Queen Elizabeth Building, 10 Alexandra Parade, 
Glasgow, Scotland G31 2ER 


Twin transfusion syndrome 


To the Editors: Shah and Chaffin are absolutely correct 
to point out the complexities of the diagnosis and man- 
agement of twin-to-twin transfusion syndrome (Shah 
DM, Chaffin D. Perinatal outcome in.very preterm 
births with twin-twin transfusion syndrome. AM J OB- 
STET GYNECOL 1989;161:1111-3). However, I would 
respectfully suggest that simply an asynchronous he- 
matocrit or birth weight is insufficient evidence on 
which to base a diagnosis of twin transfusion syndrome, 
even with monochorial placentation. 

I have a special interest in twin transfusion syndrome 
and would offer the following comments on the basis 
of my experience. The authors do not discuss how the 
monochorionicity was confirmed or whether there were 
injection studies of the fetal circulations of the placen- 
tas. This is important because not all monochorial pla- 
centas have vascular anastomoses, and without such 
anastomoses a diagnosis of twin transfusion syndrome 
seems tenuous. Also, not all discordant growth in mon- 
ochorial twins is due to twin transfusion. I have seen 
intertwin discordarice of weights of as much as 25%, 
or even more, which is attributable to asymmetric de- 
velopment of the chorion or asymmetric placental ab- 
normality such as villitis. In addition, the recipient of 
a twin transfusion may be edematous and be heavier 
than the co-twin for that reason as well. Thus I have 
found that linear measurements of infants are often of 
additional help when comparing intrauterine growth 
of twins. Similarly, differential hemoglobin values 
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need to be correlated with the presence and pattern of 
fetal vascular anastomosis, as well as any evidence of 
fetal-maternal hemorrhage. Significant fetal-maternal 
hemorrhage may occur coincidentally with twin trans- 
fusion and lead to a significant unilateral anemia of 
twins. Finally, the authors would do well to differenti- 
ate chronic from acute twin transfusion, because the 
associated pathologic conditions and clinical conse- 
quences are different, as are the diagnostic criteria. The 
chronic twin transfusion syndrome may have helpful 
ultrasonographic manifestations, although the above 
additional possibilities must be kept in mind, while 
acute twin transfusion will not likely be manifested until 
birth. 

Very preterm twins do poorly generally and have an 
even worse prognosis when truly involved in a twin 
transfusion. Any intragestational intervention requires 
accurate diagnosis and can be undertaken only with an 
awareness of the fact that there is occasional sponta- 
neous subsidence, or even reversal, of twin transfusion. 
In addition, the source of the disorder is also the source 
of potential problems with intrauterine therapy, and 
adequate appreciation of the (as yet) unknowable 
extent of this potential is required before interven- 
tion is undertaken.’ As Shah and Chaffin pointed out, 
correlation of the clinical state of the infants must 
be made with complete details of placental mor- 
phologic characteristics before useful interpretations 
as to the pathophysiologic features can be sug- 
gested. In fact, it may take the combined efforts of 
the placentologist—perinatal pathologist, obstetrician- 
perinatologist, ultrasonographer—Doppler study ex- 
pert to sort out the events associated with intertwin 
vascular anastomosis. It can be a daunting prospect but 
one that is worthy of detailed assessment considering 
the seriousness of the condition and suggested inter- 
ventions. 

Virginia J. Baldwin, MD 
Autopsy Service, British Columbia’s Children’s Hospital, 4480 Oak 
St., Vancouver, British Columbia, Canada V6H 3V4 
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Reply 
To the Edtiors: We appreciate Dr. Baldwin’s interest in 
our article. The diagnosis of twin-twin transfusion in 
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our series was based on retrospective review of the clin- 
ical spectrum, laboratory values, and pathologic ex- 
amination of the placenta. Although clinical evaluation 
by neonatologists lends significant credence to such a 
diagnosis, it is not a measurable parameter. In addition, 
the literature provides definable criteria for diagnosis, 
as used in our report. Vascular injection studies were 
not performed consistently enough to be used for the 
purpose of study. We accept Dr. Baldwin’s criticism 
about diagnostic criteria but respectfully submit that 
we are very comfortable with the twin-twin transfusion 
diagnosis in our series, since it was arrived at after 
extensive critical review of each case while blinding our- 
selves to the outcome. 

We are not sure what Dr. Baldwin means by asym- 
metric development of chorion. We would suggest that 
such a pathologic finding may be a consequence or end 
result of a chronic in utero twin-twin transfusion. Her 
suggestion about linear measurements is interesting; 
however, our experience suggests that linear somatic 
growth deficiency does occur as a result of severe 
chronic twin-twin transfusion. All the cases reported in 
the series, in our opinion, are the result of chronic in 
utero twin-twin transfusion leading to very preterm 
delivery. We agree with Dr. Baldwin that acute peri- 
partal twin transfusion does occur and is a consequence 
of or associated with delivery, but it is not the cause of 
very preterm delivery as suggested in our series. 

We appreciate Dr. Baldwin’s support of our conten- 
tion that consideration of intragestation intervention 
requires accurate diagnosis. Our experience suggests 
that spontaneous subsidence or reversal of the twin 
transfusion process recognized before 28 weeks’ ges- 
tation must be an extraordinarily rare event. We agree 
with her that complex problems may be faced in ther- 
apeutic attempts. We thank her for supporting what is 
also our contention: that multifaceted analysis and pre- 
natal evaluation are necessary to understand the patho- 
physiologic characteristics and that it is a worthy pros- 
pect considering the grave consequences of the disor- 
der as supported by our review. 

Dinesh M. Shah, MD, and David Chaffin, MD 


Division of Maternal-Fetal Medicine, Department of Obstetrics and 
Gynecology, Vanderbilt University Medical Center, Nashville, TN 
37232-2519 
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Westin Maui, Maui, Hawaii. Sponsored by the 
Departments of Obstetrics and .Gynecology, 
Cornell University Medical College—The 
New York Hospital and The University Of Ha- 
waii Medical Center. For information contact: 
Colette Carmeris, Course Coordinator, De- 
partment of Obstetrics and Gynecology, NYH- 
CUMC, 525 East 68th St., New York, NY 
10021. Tel.: (212) 746-3058. 
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duction, December 12-15, 1990, Fiera Con- 
gress, Genoa, Italy. For information contact: 
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necologica dell Universita, Viale Benedetto 
XV, 10-16132 Genoa, Italy. Tel.:10-3537708. 
Fax: 10-3531645. 
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Faculty of Health Sciences 
Medical Catlege 


The Aga Khan University is now in its seventh year of operation. Its affiliated Aga Khan University Hospital has well 
equipped teaching and service laboratories and will have 654 beds when fully operational. The University and the University 
Hospital are autonomous, privately funded and philanthropic institutions committed to the provision of effective health 
professional education and heaith services relevant to Pakistan and the region. Our undergraduate curriculum in medicine 
stresses integrated training of the basic and clinical sciences with a hands on, problem solving approach to patient care and 
parallel extensive training in Community Health Sciences. | 


The Departrent of Obstetrics and Gynaecology was commissioned in January 1987 and at present there are 6 full-time 
faculty members working in the Department: The out-patient clinies are heavily scheduled and we are presently doing about 
140 deliveries every month. Patient volume and clinical work load are gradually increasing and it is envisaged that there will 
be 85. Obstetrics and Gynaecology beds at full operation. 


We are currently seeking candidates for the following positions: 


ASSISTANT PROFESSOR,OBSTETRICS AND GYNAECOLOGY 


Candidates applying for this position are required to have completed their postgraduate training in the related field with 
speciality certification, and must have 3 to 4 years of subsequent elinical and teaching experience. 


INSTRUCTOR, OBSTETRICS AND GYNAECOLOGY 


Candidates applying for this position are expected to have completed their postgraduate training in Obstetrics and 
Gynaecology with speciality certification (F.C.P.8. MRCOG, American Boards or equivalent). 


Salary and benefits will be offered commensurate with qualifications, experience and level of responsibility. Candidates 
intending to pursue a career in Pakistan will be preferred. Applications should include detailed résumé, bibliography and 
names of at least three referees familiar with recent work history. Reply to the Personnel Director, The Aga Khan 
University, P.O. Box 3500. Stadium Road, Karachi-74800, Pakistan. 
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* Gynecologic Oncologist © Reproductive Endocrinologist 
¢ Clinical Geneticist 


The Baystate Medical Center is the major provider of tertiary care in Western Massachusetts. It has recently expanded its 
resources through its designation as the Western Campus for Tufts University Medical School. In response, the Department 
of Obstetrics and Gynecology is expanding its full time faculty group. 


The Deparcment has over six thousand deliveries and three thousand operative procedures. Our staff consists of forty-five 
community based physicians, five certified nurse midwives, and eleven full time faculty in the fields of Maternal-Fetal 
Medicine, Reproductive Endocrinology, Gynecologic Oncology and Primary Care. The Department has a major commit- 
ment to Student Education and has an independent Resident Education Program with twenty residents. Excellent opportu- 
nities exist ror basic and clinical investigation in many areas. 


Baystate Medical Center offers a salary and academic rank commensurate with experience. The Department also has a prac- 
tice plan. Send Curriculum Vitae or contact: 


Laurence E. Lundy, MD, Chairman, Obstetrics and Gynecology Patrick O’Grady, MD, Chief, Maternal Fetal Medicine 


John Powell, MD, Chief, Gynecologic Oncology Halina Wiczyk, MD, Chief, Reproductive Endocrinology 
Departmen: of Obstetrics and Gynecology Fy 

Baystate Medical Center ae 

780 Chestnut Street om 

Springfield, MA 01107 B - M Al | C 

(413) 784-5457 aystale Medical Genter 

We are an equal THE WESTERN CAMPUS OF TUFTS UNIVERSITY SCHOOL OF MEDICINE 





opportunity employer. 


A member of Baystate Health Systems 
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EXCELLENT OPPORTUNITY FOR A A 
BC/BE OB/GYN Physician to.join a. 
-© busy,. progressive 8 man practice in” >}: 
“the Piedmont Section of North Caro“. |. 
lina. Position open: now. Excellent: 
fringe benefits and. salary. New facility : T 
with latest equipment: 400 bed hospi- `` |- 
tal. 5 minutes away and. a, ‘teaching ` 
hospital with. Level HI nursery just-20.-. 
` - minutes: away. ‘Practice:located t4, 4 =. 
hours from mountains, 2:hours from. ` 
= ski slopes, 4 hours from ocean; and’ | 
-2 large lakes in area. Cultural: oppor: ‘ 
tunities available. just 20. miles, away | E 


ina metropolitan area. 


Send CV to: 
1225 East’ Gartison Boulevard. 
_ Gastonia, NC 28054" 
Attn: Robert Lester. 


Ai Equal Opportunity Employer | 


` OBSTETRICS a 
GYNECOLOGY 


E Obstetrician/Gyriecolégist neéded: Pe | 
join a five physician department at-a a. 
major regional, multispecialty. clinic: iD ae 


Billings, ` Montana. -- Clinic, Setting ‘in 


cludes all specialties’ and. is ‘adjacent. “Ae 
to an outstanding tertiary care referral. : |; |} 
hospital. Excellent ‘opportunity - for. wee 
_top‘notch board eligible’or: board cer- ot ae 
tified Obstetrician/Gynecologist lok- | 
ing for a ‘challenging | practice: ‘in. oe 
_geographic area offering unlimited re- > 


creational potential A nose. interested. 


E send cv to: 
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„John W: Heizer, M. D; 
” Medical Director: 
` The Billings Clinic’ 
i P. O: Box 35100: 
Billings, ‘Montana 59107- moe 


ee. 4 





i n essential: 


OB- GYN 


>70- Doctor. multispecialty group 
“seeking aboard certified/eligible 
Obstetrician- -Gynecologist by 
«dune: 1991 to associate with 4 
“MDs in an. established practice. 

» Well: -equipped offices:in a mòd- 
em: “expanding facility. Big-10 
University: community. of 
‘-100,000;‘superb cultural advan-. 
tages; ideal for: family. Opportu- ` 
“nity for medical school affiliation. 
~ Excellent: . salary : ‘and ` benefits 
“with: early. sence. Reply 
with wast 


“Ronald H: ‘Deering: 
“401 i West University: Avenue 
"Champaign, JL 61820 | 


_ BRIGHAM 
TAND: 
"WOMENS ` 


voy Wee Raa: 





Obstetrician / Gynecologist 


i P a ` 


The ashore and Women s Hospital, a.major teaching’ 
-hospital of Harvard Medical School, seeks several, 

“i obstetrician/gynecologists to joina busy full-time faculty 
group’ practice.in’ general obstetrics and gynecology. 
‘The practice i iS: Seated | in a pide ee near fhe 
hospital. <, ot i 


fi “Applicants shoul be Board- caitiiéc/eigbie. 


_ Academic appoininent at Harvard Medical Schòol will 
be granted. 


es || "Offers aéepentiig économic © package and generous 
ae | _ fringe benefits. - + Y 


~ Commitment to. élinical care and teaching’ are: 


"Send inquiry and ere vitae to: , Pd 
cea Kenneth J. Ryan, M..D., Chairman 
eae ‘Department of: Obstetrics and: ‘Gynecology 


P tee 8.” Brigham and Women's Hospital 


95 Francis Street, ASB1-3-073 
i Boston, Massachusetts 021 15 


The Bigham and Women’ S Hospital į is an areas, action, 
: ips opportunity Se E : 
y i ; 


me ` 


y 


CHAIR-OB/GYN 


830—bed regional tertiary care, teaching hospital iS seeking a 
Chair for its Department of OB/GYN. The Allentown 
Hospital-Lehigh Valley Hospital Center has 33 active 
OB/GYN staff physicians, including a gynecologic oncologist 


and a reproductive endocrinologist. The current Chair of the. 


Department, who will be leaving at the end of this year, is a 


perinatologist. The hospital has a fully-approved free—stand- - 


ing OB/GYN Residency Program with.two residents each 
year; it will be making application for a third resident in 1991. 
The department is also in the process of filling a newly—creat- 
ed position of Program Director of the OB/GYN Residency 
Program. The hospital trains a total of 70 residents and 400 
‘medical students each year. 


The hospital is a regional Level ili Perinatal Center. Of over 3,000 
births in 1989, 42% were in the high-risk category. The depart- 


ment is supported by a 20-bed Level ill NICU and has an active 
OB/GYN clinic which experienced over 8,000 visits in 1989. 


The. hospital is a component of HealthEast, a regional, 
not-for-profit health care system, and is a clinical campus of 
Hahnemann University in Philadelphia, where the new Chair 
will hold a vice-chair appointment and an academic appoint- 
ment at the rank of associate or full professor. The hospital is 
located in Allentown, a growing metropolitan area in Eastern 
Pennsyivania, in close proximity to both Philadelphia and New 
York City. 


Candidates must be Kaaden physicians with administra- 
tive experience and familiarity with both academic and commu- 
nity hospital environments. Interested candidates may write or 
call for information and send a curriculum vitae, in confidence, 
to Headley S. White, Jr., M.D., Sr. Vice President, 
Medical and Academic Affairs, c/o HealthSearch, 50 
College Drive, Suite 323, Allentown, PA 18104, (215) 
778-7993. A descriptive brochure is available. 


OBSTETRICAN/GYNECOLOGIST 
COLUMBIA, SOUTH CAROLINA 


A progressive six man OB/GYN Practice with 
a Maternal-Fetal Medicine Specialist is seek- 
ing an additional partner to practice obstetrics 
and gynecology. ` 


-This practice is based at one hospital, has a 


new office, two ultrasound machines, and in- 
Office laser surgery. We are very active in 


-high risk pregnancies and operative laparos- 


copy. 

We are looking for a board certified or board 
eligible, young physician to associate with this 
practice on a permanent basis. Salary is com- 
petitive with comprehensive fringe benefits 
package. l 


Association will lead to full and equal partner- 
ship. We are seeking a new partner as of July 
1, 1991. l 


For more information, please send a letter 
and Curriculum Vitae to: 


Alexander R. Smythe, Il, M.D. 
Columbia OB-GYN Associates, P.A. 
1333 Taylor St., Suite 5-F 
Columbia, South Carolina 29201 





Look at health care 
from our point of View. 


© 1980 Group Heath Cooperate of Puget Sound Al ig sarod EOE MPH 





The obstetrician gynecologists who 
practice at Group Health are here because 
quality of life is just as important to them as 
the quality of their work environment. 

They enjoy being part of a highly 
respected health care organization as much 
as they like living in one of the top areas in 
the nation. 

If you like our point of view, we invite 
you to call us toll-free at (800) 543- 0323 for 
more information about career opportunities 
at Group Health. 

Grou 


aN. Health _ 
“¥’ Cooperative 


of Puget Sound 
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Finger Lakes Region 
Ithaca, New York 


Unique opportunity for patient oriented phy- 


siclan in comprehensive OB-GYN service, 
building on established patient base of 6,000 
patients. To include out-patient gynecology, 
obstetrics, surgery, infertility, and abortions. First 
call protection from nurse-midwives. Progres- 
sive university community (home of Cornell 
University) offers cultu ralattractions ofa city with 
the benefits of small town living. Competitive 
salary, excellent benefits lag aing malpractice. 
Summer/Fall 1991. 


Send CV To: Joyce Leslie, M.D., Planned Par- - | 


enthood of Tompkins County, 314 W. State St., 
Ithaca, NY 14850. 


2 Planned Parenthood’ 


of Tompkins County 


THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 
| ‘MILWAUKEE CLINICAL CAMPUS 


is seeking applicants for four (4) full-time faculty positions to 
participate in the development of a new women S$ health center 
and academic program. 


Sinai Samaritan Medical Center is in the process of consolidat- 
ing its obstetrical and tidal services in a redesigned 
facility, in downtown Milwaukee. The department supports a 
residency program, the largest perinatal service in Wisconsin 
(5200. deliveries), consultative ultrasound, genetic and infec- 
tious disease programs, and reproductive/endocrine services 
(including an IVF program). The department is affiliated with 
Planned Parenthood of Wisconsin. 


Qualifications include board candidacy or certification in obstet- 
rics and gyrecology and a commitment to teaching residents, 
medical students, and clinical research. Qualifications for the 
four positions for GENERAL OB/GYN can take into consideration 
special individual interests. Special expertise of interest for the 
department are: 


-— STATEWIDE FAMILY PLANNING AND AMBULATORY CARE 
. (Part time medical director, Planned Parenthood) 
PERATIVE LAPAROSCOPY, HYSTEROSCOPY 

— — UROGYNECOLOGY 

— RESIDENT/MEDICAL STUDENT EDUCATION 

— 0B/GYN ULTRASOUND l 


Private practice opportunities are also available in an associated 
offsite multispecialty clinic and all faclty'members participate 
- in a group practice at the location. 


Contact: Fredrik F. Broekhuizen, M.D. 
Chairman and Chief 
Department of Obstetrics and Gynecology 
University of Wisconsin Medical Schoo! 
Sinai Samaritan Medical Center 
Mount Sinai Campus 
950 North 12th Street. G405 
Milwaukee, WI 53233 
. (414) 283-7931 
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ST. LOUIS , 
REGIONAL MIL. 
MEDICAL CENTER = 


PERINATOLOGIST- it 
GYNECOLOGIST 


St Louis Regional Medical Center, a major teach- 
ing hospital of WASHINGTON UNIVERSITY 
SCHOOL OF MEDICINE in St. Louis, seeks a full 
time perinatologist and a full time gynecologist to — 
join their faculty. 


Applicants should be board certified or active can- 
didates for certification in obstetrics and gynecol- 
ogy. Perinatologist should be board certified or ac- 

‘tive candidate for certification in maternal-fetal 
medicine. © 


Academic rank will be commensurate with SARBI 
ence. 

Applicants must be committed to clinical care, 
teaching, and research. 

Letter of interest-and curriculum vitae should be 
sent to: ' 





Klaus J. Staisch, M.D. 
- Director, Department of Obstetrics and 
Gynecology 
St. ‘Louis Regional Medical Center 
5535 Delmar Boulevard 
St. Louis, MO 63112 


St. Louis Regional Medical Center is an Affirmative 
action, equal PREE employer. 


NORTHERN CALIFORNIA 

The Permanente Medical Group, a growing multispecialty 
group, is recruiting physicians in a variety of specialties for 
positions throughout our beautiful Northern California 


. region: the San Francisco Bay Area, Sacramento and the 


Central Valley. 
Obstetrician/Gynecologist 


BC/BE .Obstetrician/Gynecologist sought to join small con- 
genial clinic setting within established pre-paid multi- 
specialty group. Practice consists of general obstetrics and 
gynecology, high risk obstetrics and infertility. Expertise in 
colposcopy, laparoscopy, hysteroscopy and laser are 
welcomed. Association with resident staff and teaching 
opportunities available. 


Kaiser Permanente offers competitive salaries and excellent 


benefits including full coverage malpractice insurance, 


medical, dental and group life insurance, vacation, educa- 
tional leave and an excellent retirement program. 


~ For more informati on, send CV to: Victor David, M.D., Chief, 


Obstetrics and Gynecology, The Permanente Medical Group, 
901 Nevin Avenue, Richmond, CA 94801. EOE 


Sig 
KAISER PERMANENTE 


Good People. Good Medicine. 













State University of New York 


Health Science Center 
Syracuse 


PELVIC SURGERY FELLOWSHIP 


The Department of Obstetrics and Gynecology of 
S.ULN.Y., Health Science Center at Syracuse is offering 
a one-year fellowship in Pelvic Surgery for qualified can- 
didates. 


The Fellowship will include comprehensive training in 
benign and malignant pelvic surgery, infertility surgery, 
laser surgery (abdominal, endoscopic and external 


genitalia), female urology and endoscopy (laparoscopy, - 


hysteroscopy and colposcopy). The program is designed 
to provide clinical experience and expertise in gyneco- 
logic surgery. Research opportunities are available. 


Positions are available beginning July 1, 1991. 


Qualifications include ABOG eligible/certified status and 
eligibility for full NY State licensure. 


Requests for applications can be sent to: 


Michael S. Baggish, M.D. 
Professor and Chairman 
Department of OB/GYN 
S.U.N.Y., Health Science Center 
736 Irving Avenue 

Suite 308 West Tower 
syracuse, NY 13210 





SUNY, Health Science Center is an AA/EEO Employer 





WE HAVE YOUR LIFESTYLE 


Practice ina place you've always wanted to 
live. Whatever your style, chances are we 
have the private practice opportunity to 
match it. After all, with over 80 hospitals in 20 
states, we're very well connected. Here are’ 
just a few of your options: 


Enterprise, AL Indianapolis, IN 
Huntsville, AL Kansas City, KS 


Montgomery, AL Loulsa, KY 
Northwest Alabama Louisville, KY 
Phoenix, AZ Somerset, KY 


Los Angeles Co., CA 
Orange County, CA 
Denver, CO 

Central Florida 
Jacksonville, FL . 
South Florida 

St. Petersburg, FL 
Newnan, GA Richmond, VA 
Hoffman Estates, IL Greenbrier Valley, WV 


To find out about these and other oppor- 
tunities, call TOLL-FREE 4-800-626-1590, or send 
your curriculum vitae to: Manager, Profes- 
sional Relations, Humana Inc., Dept. Q@-40, 
500 West Main Street, Louisville, KY 40201-1438. 


=4Jumana 


Marksville LA 
New Orleans, LA 
Oakdale, LA 
Springhill, LA 
Las Vegas, NV 
Chattanooga, TN 
San Antonio, TX 
















Medical 
Endocrinologist/ 
Andrologist 


Temple University’s Department of OB/GYN is 
seeking applicants for a full-time faculty position 
in the Section of Reproductive Endocrinology. 
This position will be a part of a newly established 
clinical endocrinology-infertility program. The 
incumbent will develop a clinical andrology 
research program in male reproductive physiol- 


ogy and infertility. 


Candidates should be Board certified or Board 
eligible in Medical Endocrinology. Salary and 
academic rank commensurate with experience. 
Submit C.V. to: M. Terry Grody, M.D., Acting 
Chairman, OB/GYN, Temple University 
Health Science Center, Broad and Ontario 
Streets, Philadelphia, PA 19140. 
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The department of Obstetrics and Gynecology at 
the University of Tennessee College of Medicine 
is actively recruiting a full-time Perinatologist for 
its Division of Maternal/Fetal Medicine. The teach- 
ing hospital serves as the Tertiary Care Center for 
80 counties in West Tennessee, East Arkansas, 
North Mississippi, Southern Missouri and a part of 
Kentucky; an area with approximately 40,000 de- 
liveries per year. About 50% of the pregnancies 
delivered at the center are high risk pregnancies. 
Perinatal services each year include over 20,000 
outpatient visits, 7,800 deliveries and over 1,400 
patients seen in Reproductive Genetics. Excellent 
opportunity to participate in teaching in a Board-ap- 
proved fellowship program and collaborate in on- 


going research in clinical Perinatology, Critical 
Care in Obstetrics, Ultrasound and Prenatal Diag- 
nosis. Board eligibility/certification in Maternal/ 
Fetal Medicine is required. Interested candidates 
should send curriculum vitae to: 


Baha M. Sibai, M.D. 
Division of Maternal/Fetal Medicine 
University of Tennessee, Memphis 
853 Jefferson Avenue, Rm. E-102 

Memphis, TN 38103 

(901) 528-5660 


The University of Tennessee, Memphis is an equal 
employment opportunity/affirmative action/Title 
IX/Section 504 employer. 








53A 


University of Texas 


Galveston, Texas 


The Department of Obstetrics, Gynecology and 


Reproductive Sciences is currently recruiting for: 


Obstetrician-Gynecologist 


¢ Board eligibility or certification in 


4 
obstetrics and gynecology required. | 


© Academic rank and salary com- 
mensurate with expenence and 
ee : 


RINNE 


Curriculum Vitae should be sent to: 


Garland D. Anderson, M.D. 


Jennie Sealy Smith Professor & Chairman 


Department of Obstetrics & Gynecology 
The University of Texas Medical Branch 
Galveston, Texas: 77550-2776 


UTMB is an equal opportunity M/F/V/H affirmative action employer. 
UTMB hires only individuals authorized 10 work in the United States. 


OBSTETRICIAN. 
~ GYNECOLOGIST 


St. Vincent's Medical Center, affiliated with 
Yale University School of Medicine and New 
York Medical College, is currently seeking a 
full-time Board Certified/Eligible Obstetrician 


Gynecologist to provide general in-patient ; ` 


and out-patient OB/GYN care for hospital ser- 
vice patients. This responsibility will be shared . 
with another full-time Board Certified physi- 
cian already on staff. The opportunity for lim- ' 
ited private practice is available.with appropri- 
ate space, equipment and support provided. 
Excellent opportunity for individual desiring 
well compensated position with no starting 


=- fees or overhead concerns. Full salary with. . 


excellent benefits. Excellent hospital facilities 


with perinatology and PESTE RIY services 


on site. 
Please send curriculum vitae to: 


Paul R. Ramirez, M.D. 
Chairman ' 
Deparment of Obstetrics and Gynecology 
St. Vincent's Medical Center 
2800 Main Street 
Bridgeport, Connecticut 06606- 
(203) 576-5466. 
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| The Department of Obstetrics and Gynecol- 


ogy, University of Florida Health Science 
. Center/Jacksonville is currently recruiting for 
the following faculty positions: Reproductive 
Endocrinology, Maternal Fetal Medicine (Di- 
rector and general openings), and a general 
Obstetrician/Gynecologist. These positions 
involve patient care, consultative responsibil- 
ity, teaching, research, and administrative 
duties. Board certified or eligible to take board 
required. Academic rank is Assistant/Associ- 
ate Professor to full Professor. Application 


- deadline: 10/31/90. A paa start date: 


1/1/91. 


Please submit CV 
and names/ 
addresses of 3 
references to: 
Robert Thompson, 
M.D., Associate 








Chairman, 
) Department of 
NIVERSITY OB/GYN; 
SOF 655 West 8th 
LORIDA Street, 
: Jacksonville, FL 
i 32209. 
_ AAE/EOE 
S Za ® 


KAISER PERMANENTE i 
OBSTETRICIAN-GYNECOLOGIST 


The Permanente Medical Group, Inc., of San 
Jose, California is looking for BC/BE physi- 
cians for immediate openings in the OB/GYN 


‘Department: Positions available either at the 


main facility in San Jose,-or at satellite medical 


offices in Gilroy. The young, dynamic, depart- 


ment is still growing and currently has seven- 
teen physicians and two nurse practitioners. 


' Our outstanding benefits package includes 
full coverage malpractice insurance. San 


Jose and Gilroy share excellent access to Bay 
Area cultural and recreational activities. 


‘Recent salary advances allow extremely com- 


petitive compensation starting with the first 
year of employment. . , 


` For more information, please contact: 


Jerome L. Nehemiah, M.D. 


Chief, Department of Ob/Gyn 


The Permanente Medical Group, Inc. 
260 International Circle 
San Jose, CA 95119 


or telephone: 408-972-6180 (collect) — 


i 
fi 






Associate Director 
OB/Gyn for | 
Family Practice Residency 





Full-time faculty position available as Associate Director 
in OB/Gyn training for a 15 resident Family Practice 
Residency program at a 474-bed community hospital 
located in Western Pennsylvania approximately 40 miles 
from Pittsburgh. The residency is a fully accredited pro- 
gram with a faculty presently composed of four board 
certified family practitioners, one board certified internal 
medicine physician, one board certified OB/Gyn physi- 
cian and one behavioral scientist. Successful candidate 
will have the opportunity to spend half of the time in | 
teaching and the other half in the faculty private prac- 
tice. OB work generally will be done through residency 
with private practice emphasis on gynecology. 


_Salary and benefits are competitive and negotiable. . 
= Please call (412) 843-6000, ext. 3017 for more informa- 
tion or send all inquiries along with CV. to: Director, 
Family Practice Residency Program, The Medical Center, 
Beaver, Pa., Inc., 1000 Dutch Ridge Road, Beaver, PA 15009. 
An equal opportunity employer. 


WW 


The Medical Center 


Beaver, PA 
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Free yourself from the business aspects of private 
practice and enjoy the visibility and advantages of 
a multi-specialty prepaid group practice in SUB- 
URBAN BOSTON. Experience reasonable work 
and coverage schedules. As a full-time member of ' 
our respected staff, you will work in one of our mod- 
ern, well-equipped facilities in north suburban or 
south suburban Boston. Ancillary services are on- 
site. Locations are within reasonable distance of 
the ocean, ski resorts, cultural and academic cen- 
ters. Excellent compensation and fringe benefit 
package including, full malpractice coverage. 
Send C.V. to Director of Physician Recruitment, 
Medical East Community Health Plan, One Wor- 
. cester Road, Framingham, MA 01701; or call 
collect (508) 879-0077. 


Community Health Plan 
oie A BLUE CROSS & BLUE SHIELD HMO 
A $ , 
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We are an equal opportunity/affirmative action employer 


ay 
FATAVAVAG 
The Michael Reese Health Plan, a large well- 
established HMO serving its members in 20 Health 


Centers throughout the Chicago Metro area, is seek- 
ing additional Board Certified/Eligible physicians in 


Obstetrics 
Gynecology 


Physicians with the Health Plan enjoy a full practice 
with modern facilities and equipment as well as op- 
portunities for teaching. All specialty facilities 
available. 

A highly-competitive salary and excellent benefits 
camplement a rewarding practice and lifestyle. 


Interested applicants should address inquiries to: 


Alfred Kendrick, M.D. 

Medical Affairs 

MICHAEL REESE HEALTH PLAN 
2545 King Drive, Chicago 60616 
or call (312) 808-4551 


Michael Reese Health Plan 


an equal opportunity employer mäh 
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‘Multispecialty: elini. in’ \ northern: | 
Illinois seeks: ‘second OB/GYN = 
and fourth family practitioner ton 
join dynamic, high growth. prac- ` | 
tice. Community Health Center -| 
Model.. New facility. Scholarship - 
and loan: repayment available. | 
‘Paid malpractice..and. Flexible’. 
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LAKE ERIE LOCATION 


1991 RESIDENTS WELCOME l 


OB/GYN opportunity: in pictur- - 

esque community of 50,000 with: « 

_ draw area of 180,000. Over. 200 -| 

beds in modern and progressive -` | 

hospital located 30 minutes from ` :|. 

_ Ann Arbor; Michigan and 30 min- “|: 
utes from Toledo, Ohio. Beautiful: | - 

_ community offers quality lite- ^]. |. 

style. and easy access-to larger- | -i 

cities. Potential for first-year. |.. 

of 10-15 deliveries per :month™, | 

. and an equal number of Gynė- `|- 
cology cases. Send CV or call. -| 

Greg Flowers, Jackson and -Į 
Coker, Inc., 115 Perimeter Cen=; . 

ter Place, Suite 380 AJOGO, - 

Atlanta, GA 30346; Tet. 1-800: 


ge 1987.. 


Compensation Plan. CV. to: 


| John Frana’ l 
_ Executive Director E 
Crusader Clinic’ 
120 Tay Street | 
- Rockford, IL 61102 | 
ABT, 968- 0286 


EOE 





“Loyola, ‘University Chicago 
Faculty Positions 


Maternal Fetal Medicine 


a Board Certified/Board eligible physician 
to join-5 person academic group perinatal 

-| «practice as,a full time faculty member in 
{>the Department, of Cpelenice and a 
a cology. ce 


OBIGYN G Generalist . 


e oe Outstanding: opportunity | for OB/GYN 7 
| . Board eligible/Board Certified physician 
oof- e who is interested in a full time academic 
fp.) position. 2:0) i: : 

|. Contact: 
{> John H: [Baas M.D., Chairman ` 

z -Obstetrics and Gynecology. F Recruitment 


Committee 


a ee Loyola. University Chicago 

. 2160 South First Avenue. 
| Maywood; ‘Illinois 60153 
Eo (708). 216- 3383 ` 





i ‘| onesnopte Oncologist 


i ‘The Dartmouth- Hitchcock Medical Center is 
a oe searching for a Board Certified.Gynecalagic 
< |. Oncologist at the Associate Professor Level. 

| = > He/She must. be an accomplished investigator and 
a ae be interested | in. developing a medical center and 

|. state-wide. academic and clinical program in 

'. gynecologic malignancy. Please send CV with 
ax names and addresses of three references to: 


L.: Herbert’ Maurer, M.D, ‘Chairman 


© Gynecolagic’ Oncologist Search Committee , 
| “i” Hematology/Oncology last : 
-.*--Dartmouth-Hitchcock Medical Center 
=: 2 Maynard: Street ew 


Hanover, NH 03756 E 


|. Dartmouth: ‘Hitchcock Medical Center i is an 
yo _ Affirmative era Opportunity Employer. 


- Dartmouth-Hitchcock 
he Yyy Medical Center 


_ The Hitchcock Clinic 7 
~ Hanover, New Hampshire 





OBSTETRICIAN 
GYNECOLOGISTS 


Group Health Asscciation, one of Washington, 
DC's most respected names in the health main- 
tenance field, has immediate and future openings 
for board certified or Pre Obstetrician / 
Gynecologists. 


Consisting of nine muiti-speciaity medical centers 
and 200 physicians, Group Health's highly skilled 
support staff serves over 150,000 members. This 
staff attends to the detalis of clinical administration, 
allowing you the freedom to devote your energy 
to practicing medicine Further, GHA’s challenging 
work environment offers a diverse patient popu- 
lation and affiliation with the area’s finest hospitals. 


Agenerous benefits package including vacation, 
sick leave and Insurance coverage (malpractice, 
life, retirement, disability and dental) awaits you in 
return for your expertise. In addition, you can look 


forward to company-paid hospital and licensing. 


fees, professional society dues, continuing ed- 
ucaftion as weil as predictable office hours. 


If you would like more information, please send: 


your CV. fo the address below or call Mary Hines, 
Physician Recruiter, on 1-800- 336- 1442 or in DC 


| aS REGIONAL 


MEDICAL CENTER 


. ` 762- 14th Street Elko, Nevada 89801 (702) 738-3111 


_ OBSTETRICIAN/GYNECOLOGIST 


Nevada's oldest multi-specialty clinic seeks BE/ 
BC OB/GYN to join two other OB-GYN's and 
Nurse Midwife in very busy practice. Lucrative 
opportunity for full range of specialty practice. All 
fee for service with excellent collection ratio. 
Guaranteed salary for six months leading to full 


' partnership. Comprehensive benefit package in- 


cluding malpractice insurance. Elko is a thriving 
community surrounded by mountains and wilder- 


ness areas. Recreation year round. Please send 


Metro area, (202) 364-7442.. 
Turner Bledsoe, M.D, Medical Director 


Group Health Association 


4301 Connecticut Avenue, NW. 
Washington, DC. 20008 . 


An Equal Opportunity Employer 


MeritCare - 


a Fargo Clinic 


OB-GYN 


Large multispecialty group is seeking BC/BE: 


Obstetrician-Gynecologist to join seven member 
department. Department is active in donor and hus- 
band insemination. Opportunity to develop Invitro 
and Gift Programs available. 

Fargo Clinic is a 250 physician group that practices 
in 30 locations throughout eastern ND and western 
MN. The main facility is located next to St. Luke’s 
Hospitals, a 400 bed tertiary care & trauma center. 


St. Luke’s is a NACHRI designated Children’s Hos- 


pital with a level Ill ICN. 


Fargo-Moorhead is a tri-college community of: 


130,000 located just minutes from the lake country 
of western Minnesota. Abundant cultural, recrea- 
tional, sporting and hunting activities available year 
around. 


Outstanding compensatory package available. Re- 
spond to Robert C. Montgomery, M.D., Chairman, 
Physician Recruitment, 737 Broadway, Fargo, ND 
58123. | 


C.V. to: 


Cherie Atwood, Administrator 
Elko Regional Medical Center 
762-14th Street. 

Elko, Nevada 89801 

(702) 738-3111 





WORCESTER, MASSACHUSETTS 
OB/GYN ASSOCIATE BE/BC 


Join Established Busy 2 Doctor Group Af- 
filiated with Major Teaching Hospital/Urban to 
Rural Lifestyle with Excellent Educational 
systems. 3550 square foot medicali office 
connected to the hospital. State of the art 
facilities including: 12 exam rooms, treatment/ 


- procedure room, and PEMIRSA ultra- 
` sound equipment. 


EXCELLENT NESE PACKAGE 
INCLUDES: 


Salary 

Malpractice 

Paid CME & Vacation 
Relocation Expenses 
And Much More 


. Send or FAX CV To: 


Judy Goodney 

Director of Professiona! Relations 
Centrai Massachusetts Health wale, Inc. 
Mechanics Tower 

100 Front Street, Suite 300 

Worcester, MA 01608 

(508) 798-8667 FAX (508) 798- 3069 





57A 


OB GYN- 


Part time position available. Lia Clinica de - 

la Raza, a nonprofit organization in the. . 

San Francisco Bay Area, seeks physician: .. |: 

to fill the vacancy of OB/GYN. Require- . 

ments include current license to practice. ` 
-medicine in the state of California: BC/BE = | - 

iñ. OB/GYN, current DEA registration. Bi-; | 


lingual English/Spanish or Cantonses 


preferred. Fee-for-service for all inpatient 7 
care. Malpractice insurance provided, ex: on 


cellent fringe benefits. 


Send ‘CV or call: B 
La Clinica de la Raza 4 
Dr. Greene . | 
` or the Personnel Office: 
-1515 Fruitvale Avenue 
.. Oakland, CA 94601- 
(415) 534-0078 


’ EOE 


FACULTY POSITION - i 


DIVISION OF MATERNAL-FETAL | 


: MEDICINE - 
ALBANY MEDICAL COLLEGE: 


Rapidly expanding division in our Department of . 
Ob/Gyn needs a third board eligible / certified: 


individual. Candidates should have a strong 


background in obstetric ultrasound as well as. 
a commitment for medical student and resident. - _ 
education. Protected time for research and 
other academic pursuits guaranteed. New fa- - 


cility nearing completion. Academic rank in ac- 


-OB/GYN 
WISCONSIN 


Be ` Multi- -speċialty group in sub- 
“urban Milwaukee seeks BC/ 


BE Obstetrician/Gynecolo- 


: gist.to join 6 physician OB/ 
GYN department. Single 


site, single hospital practice. 


> Competitive salary and 
|- fringe. benefits. Forward in- 
7 quiries and CV to: 


tem 
. P.O.Box 427 
» .Menomonee Falls; WI. 
| = » 53051 


. This isa rapidly growing, two-physician OB/GYN 
_ practice offering an excellent full- or part-time position 
_ fora BC/BE physician. We're located in beautiful 
Southeastern New Hanipshire, where you'll discover 


_> the ideal lifestyle. The location offers proximity 


to mountains, lakes and seacoast, plus a wealth of 
cultural attractions. lt all adds up to a very healthy 
family environment. 

We're offering’a competitive salary, and occurrence 


C _ malpractice premiums'are fully paid. What’s more, 


there's an ownership opportunity after the initial em- 
ployment period. The position | will be available by July, 
, 1991, or earlier. 


cordance with experience. Competitive salary ` The group is 
plus attractive faculty incentive plan provided. | thio iti has d lot affiliated with a 
330-bed hospital 
Albany, capital of New York State, offers major to Oer IN a state witha dn 
cultural and recreational. opportunities as well .. that has everything. Nursery in one of 
as a variety of life styles in a sane environment. .. . l - scenic New Eng- 


land's fastest- -growing areas, just one hour from Boston. 

Reply'with CV to: Office Manager, 88 McGregor St., 
Suite.301, Manchester, NH 03102. (603) 624-8491. 
This could be everything you always waite 


INTERESTED CANDIDATES SHOULD SEND A 
LETTER OF INTEREST WITH CV TO: oe 


Myron Gordon, M.D. : 
Chairman; Department of OB/GYN 
Albany Medical College A-74 ` 
47 New Scotland Avenue — 
Albany, New York Nace 
OR 
Paul J. Weinbaum, M. D. 
Head, Division of Maternal-Fetal Medicine | 
Department of OB/GYN A-133 
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COLORADO 


BC/BE female/male DO/MD - 
sought to join progressive 2 man 
group. Association leading to . 
early partnership with excellent 
income potential. Office located. 
in one of Denver's fastest grow- 
ing north west suburbs. Opportu- - 
nity is available July 91 or 
sooner. Send inquiries and C.V. 


to: 


: OFFICE OF MEDICAL 
AFFAIRS Att: A. E.-Murray ` 
LUTHERAN MEDICAL 
CENTER ts” 
8300 WEST 38th Avenue 
Wheat Ridge, Colorado 80033 





Obstetrics/ — 


Gynecology 


ce 








WISCONSIN: Marshfield Clinic, a.multl-specilalty grou 
practice with 350 physicians is seeking BE/BC yop 
: cians/gynecologists to join expanding (40-50 physician) 
regional centers In Chippewa Falls and Woodruff, Wiscon- 
sin. A third OB/GYN is needed for each facility. Chippewa 
Falls is located 1.1/2 hours from downtown Minneapolis/St. 
Paul and twenty minutes from a major four year campus of 


the University of W sconsin. Known as the "Lakeland Area" | 


(over 1,000 navigeble lakes) Woodruff is truly one of the 
most attractive vacation areas In the upper Midwest and 
renown for its year-round outdoor recreational activities. 
Both communities offer exceptional recreational, cultural, 
and educational opportunities. An emphasis on quality 
practice and life-style is combined with a total compensa- 
tion package on reaching membership in excess of 
$200,000. Starting salary negotiable. Fringe benefit pack- 
age outstanding; includes self-insured malpractice. No 
Start-up expense. Send C.V. and references to: 


= David-L. Draves“ l 
`- Director, Regional pevsigoment. 


41000 North Oak Avenue 
Marshfield, Wisconsin 54449 
or call collect at . 
(715)387-5376 . 


Marshfield Clinic 


















SEAT Sr ee, 





as 
"38 if fh ks Soe 


With more than 40 years of 
successful industry leadership, 
the Southern California 


: Permanente Medical Group (SCPMG) is recognized 
-as the nation’s largest and most respected physician- 


managed, multi-specialty medical group. Our continued 


growth has created new opportunities for: 


CHIEF OF SERVICE 
-*.: Panorama City, CA 
An excellent opportunity for an experienced OB/GYN 


` practitioner to lead an established and growing practice 


at our Panorama City Medical Center. You'll be 
responsible for supervising 20 OB/GYN Physicians, a 
Perinatologist, 8 Certified Nurse Midwives and 4 Nurse 
Practitioners. This team of professionals will handie 


"approximately 3000 deliveries per year. 


CHIEF OF SERVICE 
Baldwin Park, CA 


An exceptional opportunity to build your own team and 
participate in the development of our newest 240-bed 
Medical Center. This facility will have a Level IIA Nursery 
and a 20-bed NICU with a capacity to handle up to 4000 
deliveries per year, 


Requirements for Chiet of Service positions include: 
è Board Certified in OB/GYN 
è 5+ years practice experience 
è: Demonstrated leadership abilities — 
è Strong interpersonal skills 
These are ideal opportunities for a physician who wants 
to combine a busy clinical practice with day-to-day 


- department management responsibilities. 


OBSTETRICIANS | 
& GYNECOLOGISTS 


You'll: have a choice of professional environments 
ranging from a 250-bed community hospital to a major 
teaching facility in a number of prime Southern 
California locations. Our active practices require 
proficiency in modern ultrasound and surgical 


techniques. | 


SCPMG provides the freedom, iéelinoloay and 
resources to focus on quality patient care and the 
collaborative support of knowledgeable colleagues. We 
also provide a highly competitive salary, paid 
eee and predictable hours. — 


Call or send your CV to: 


Irwin P. Goldstein, M.D., Associate Medical Director 


SCPMG, Dept. 006 
Wainut Center, Pasadena, CA 91188-8013 
| (800) 541-7946 


a KAISER PERMANENTE 


i i) Southern California Permanente PONS: ae 


-Medical Group 
Partners Practicing Good Medicine 






Partnership E- Ez 
~ of Choice 
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3 _ .. THE DEPARTMENT OF OBSTETRICS © 
~ OBSTETRICIAN | -| fcs. AND GYNECOLOGY 
A ; ` -UNIVERSITY OF WISCONSIN - 
GYN ECOLOGI ST. Sf pp) MEDICAL SCHOOL 
ee me MILWAUKEE CLINICAL CAMPUS 
Western Massachusetts Staff’ model Health Maine: reese they, Pe i is lin applicants for two (2). additional full-time faculty 
_tenance Organization is- seeking: two full-time, us _- positions in MATERNAL FETAL MEDICINE to participate in the 


Board Certified/Board Eligible Obstetrician/Gyne- - Me. z 4 = _ development.of anew women’s health center and academic 
cologists to join our ~ staff- of five-physicians -| a |> - program. The-current faculty includes two perinatologists. 

and five midwives. ` = ae: E ll he lll ` Siha Samaritan Medical Center is in the process of consolidat- 
l -ìng its obstetrical and- Gynecological services in a redesigned 
facility’ in. downtown Milwaukee. The department has the largest 
`. perinatal service in Wisconsin (5200 deliveries}, has a dedicated 


Our multi-specialty group Sante employs. -70 fuli- 
time physicians. and provides -care for a member. T. 
` ship of over 65, 000 -patients in-our modern `- 


suburban facilities. Inpatient care is:provided ata. ae. | '. antenatal testing and perinatal ultrasonography (including dop* 
` 900- bed Tufts affiliated teaching hospital. : yes, 24) '. pler)-unit, anid.is. preparing for an expansion in prenatal diag- 
sar eae |e q: -nostic services (including CVS). The department has a midwif- 
Attractive Pioneer Valley | location with fine edu- |. -i f ey service and. an ‘adolescent pregnancy service. The depart- 
cational, cultural and recreational- opportuni: Pa ee ; ment has.an urban caré-mission while ready to-expand into an 
ties. Excellent salary ‘and comprehensive’. | ` | Į up-to: date tertiary care nena referal center for Southeastern 
benefit program. Please send curriculum vitae- | - | . Wisconsin... + : 
to: Oded Rencus, M.D., ‘Chiet of OB/GYN, 305; - |. | By Qualifications’ iticlude board candidacy or certification i in mater- 
Bicentennial Highway; Springfield, MA: 01118 Sr, A aia |- nal+fetal. medicinë ‘and a’ commitment to teaching residents, 


CANIS 594- SER, , medical students; and clinical research. 


. Contact: “Fredrik F. Broekhuizen, M. D, 


mC Chairman and Chief > 2° S 
fe ical) Vest “gen, MEP >: ° Department of Obstetrics and E REN 
Community Health Pian . l A “ | =- - | University of-Wisconsin Medical school 
ee CROSS & BLUE: SHIELD HMO ee, : `} >- -> Milwaukee Clinical. Campils 
: age | oe pl fo feos 2 Sinai, Samaritan Medical’Center 
ee ee : am es ees Ae ge ces | > s+? -950-North12th Street,. G405 
Weare an equal opportunity/attirmative action employer’) =J Jute. “Milwaukee, WI 53233 
aee es eek ae oe i (414) 283-7931 ` 


NORTHERN CALIFORNIA” =. Cae eee aes a | el ae. 
The Permanente Medical Group, a Y growing multispe- aak Er 
cialty group, 1s recruiting ‘for positions.in our beautiful ` a i OB-( 
Northern California region: the San Francisco OA TEE i a i 


Sacramento and the Central Valley. « 


REPRODUCTIVE... | 7 BC/BE OB. GYN: Sought for an 
-ENDOCRINOLOGIST 1 = | service,-”260-bed. community 


SSANJOSE*:.. se “hospital, »: >in. San Francisco’s 
We are. currently seeking a Reproductive Eridocrifolo- ss ie 4 po “dynamic South of. Market area.. 


gist to establish and run a'repròductivè endocrinology Lepr Ts ees 
subdivision, in the department: Duties would-include fo J- f 3 e + Excellent opportunity to join 


the full spectrum, of reproductive endocrinology, out- `. 


patient and surgical management of infertility. Fellow- |. sj: l ` busy, ; growing. practice. 
ship certification would be preferred. The department 2 cae < -» Competitive — and bene- 


currently -has 17 physicians and'is still growing. We area 
offer a generous benefits package including full tover Cp J - Le one ae package, 
age malpractice insurancé. San Jose has beautiful , E Pees oe 
- weather and excellent access to Bay Àrea recreational’ ty 
and cultural activities. > ` 27 =% |. roe TO a 
For more information, please contact: rome A o i AN 
Nehemiah, M.D., Chief, Department: of OB/GYN, The . i bh 
Permanente Medical Group, Inc., 260 International | 
Circle, Dept. AJOBG, San Jose, CA 954 19, or-call collect i oak 
(408) 972-6180. EOE. T 


f 


7 Send c. V to: 


‘Walter Kopp 

. St. Luke’s Hospital | 

_ 3555. Army Street 
KE San Francisco, CA 94110 
(415) 641-6543 - 


la 


"i 
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KAISER PERMANENT E` 
Good People. Good Medicine. 
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OBSTETRICIAN’ 
GYNECOLOGIST 
Immediate opening for a Board 
Certified/Eligible physician to 
work with 5 others at a well- 
established, growing HMO. 
Rochester Medical Group is a 
multispecialty medical group 
practice serving 45,000 patients 
at multiple sites. Clinical faculty 
appointment at the University of 
Rochester is available with this — 
position. Competitive salary/ 
benefits with opportunities for re- 
search and resident teaching. — 

send resume to: : 


Patricia Hosking 
Rochester Medical Group, PC 
1800 Hudson Avenue 
Rochester, NY 14617 


BRIGHAM | 
AND 
“WOMEN'S 


HOS PITAL 


| Perinatologist . 


The Brigham and Women's Hospital, a major teaching | 


hospital of Harvard Mediccl School, seeks a full-time 
perinatologist to join the Division of Maternal-Fetal 
Medicine. | 


Applicants should be board-certified or active 
candidates for certification in Obstetrics and 
Gynecology and Maternal-Fetal Medicine. 


Academic rank will be commensurate with experience 
and achievements.. 


Commitment to clinical care, research, and teaching’ ~ 


are essential. ` 


Send inquiry and sumedùra vitae to: 
Michael F. Greene, M.D. 
Director, Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Brigham and Women's Hospital 
75 Francis Street, ASB1-3-078 
Boston, Massachusetts 02115 


The Brigham and Women's Hospital is an affirmative action, 
equal opportunity employer. 


(“The Heart of the Berkshires”) 


‘BC/BE Physician to join thriving 4 phy- 


sician OB-GYN practice that is part of 
a 55-physician multi-speciaity medical 
P.C. group. Excellent salary, compre- 


hensive benefits, full malpractice cov- - 


erage, on call schedule every fourth 


night, ‘early opportunity to become 


shareholder. Affiliation is with a mod- 
ern teaching hospital. Area offerings: 
Beautiful recreational area; cultural 


| activities include arts/theater (Tangle- 


wood); located near VT, NY, CT bor- 
ders. Contact Dr. John Buoni at 413- 
499-8567 or send CV to: Berkshire 
Physicians & Surgeons, P.C., 44 
Charles Street, P.O. Box 4759. 


| Pittsfield, MA 01201. 


| CLEVELAND CLINIC 


_ FOUNDATION 


Excellent opportunity available 
for a Board Certified gynecolo- 


gist with special interest in col- 
poscopy, education or urogyne- 
cology. 


Send curriculum vitae to: 


| Jerome L. Belinson, M.D. 
Chairman 
Department of Gynecology 


g 9500 Euclid Avenue 


= Cleveland, Ohio 44195 


|. An equal opportunity/affirmative 


action employer | 





OB- GYN 1 Physician | 


_ Western Massachusetts 
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OBSTETRICIAN/ 
GYNECOLOGIST 


Ob/Gyn: BC/BE physician wanted to join an 
excellent practice opportunity in the South- 
west. An established growing practice in a 
new 4,000 sq. ft. office, modern setting, 6 
exam rooms, procedure room, 3-physician 
consulting office, computerized system, plus 
more. 


A competitive guaranteed salary is being of- 
fered, with excellent fringe benefits. Includes 
among others; malpractice insurance and car 
expense. 


Recreational amenities and cultural activities 
are at your disposal. Reasonable housing 
costs and access to major metropolitan areas 
also contribute to an excellent quality of life. 
For more information, send your CV to: 
Lori Bedford 
Jordan/Fairfax 
6560 N. Scottsdale Rd. 
Suite J-106 
Scottsdale, AZ 85253 


Or call: (800) 258-9900. 





Life. 


It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 
doctors from the financial baggage of the private practi- 
tioner. 


Group Health Plan isn’t for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with the Medical Recruiter at 
(814) 9938-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 63141. An equal opportunity 
employer. 


GROUP HEALTH PLAN 
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NORTHERN CALIFORNIA 

The Permanente Medical Group, a growing multispecialty 
group, is recruiting physicians in a variety of specialties for 
positions throughout our beautiful Northern California 
region: the San Francisco Bay Area, Sacramento and the 
Central Valley. 


Obstetrician/Gynecologist 


Seeking a BC/BE Obstetrician/Gynecologist to provide out- 
patient care in our Pleasanton medical office building and 
inpatient care at the Kaiser Hospital/Walnut Creek. Position 
involves supervision of NPs. Academic affiliation available. 
Enjoy easy access to the recreational and cultural activities 
of the San Francisco Bay area. We offer competitive salary 
and an excellent benefits package including full coverage 
malpractice insurance, medical, dental and group life 
insurance, vacation, educational leave and an excellent 
retirement program. 


For more information, send CV to: Patrick Golden, M.D., The 
Permanente Medical Group, Inc, 5600 Stoneridge Mall 
Road, Pleasanton, CA 94588. EOE 


KAISER PERMANENTE 


Good People. Good Medicine. 


OBSTETRICIAN/ 
GYNECOLOGIST 


Board certified or board eligible obstetri- 
cian/gynecologist to join two member de- 
partment in multispecialty clinic. Office ul- 
trasound, colposcopy, and cryosurgery 
available. Adjacent to 94 bed community 
hospital with special care nursery. 


Worthington, MN is a community of 
11,000 located in the highly productive 
corn belt. Recreational activities include 
good hunting, fishing, and two 18 hole 
golf courses. Excellent schools, pollution 
free environment, with low crime rate 
make this an ideal community for family 
living. 

Excellent compensation package avail- 
able. Respond to Mr. John Sieve, Admin- 
istrator, Worthington Medical Center, 508 
10th Street, Worthington, MN 56187 or 
call 507-372-2921. 


REPRODUCTIVE 
ENDOCRINOLOGIST 


Position available immediately for Board 
Certified or sligible Reproductive Endocri- 
nologist. Exceptionally attractive aca- 
demic position for Junior Faculty at Assis- 
tant Professor level. Would join two other 
Board Certified Reproductive Endocrinol- 
ogist in a Division with an approved fel- 


lowship program, ongoing NIH funded re- 
search, and a growing IVF program and 
private practice. Apply to John E. Buster, 
M.D., Professor and Director, Division of 
Reproductive Endcrinology, Department 













Ob/Gyn Physician 


1,400 square foot new medical 
office available in beautiful Wil- 
lamette Falls Health Center in a 
rapidly growing area near Port- 
land, Oregon. Reserve parking, 
conference room, immediate ac- 
cess to freeway. Current tenants 
include Family Practice, Internal 


of Obstetrics and Gynecology, University 
of Tennessee, Memphis, 956 Court Ave- 
nue, Room D328, Memphis, TN 38163. 


Medicine, Dermatology, Immedi- 
ate Care and Oral Surgery. 






The University of Tennessee, Memphis 
is an equal employment opportunity/ 
affirmative action/Title IX/ 
Section 504 employer. 


| 


Faculty Position: Assistant Professor, Department Obstetrics, Gynecology and 
Reproductive Sciences, University of California, San Francisco (UCSF). 


The Department of Obstetrics, Gynecology, and Reproductive Sciences, UCSF, announces a national search 
for an obstetr cian-gynecologist with particular expertise in reproductive genetics to be recruited at the assistant 
professor level. This is a fulltime academic appointment meant to add to the academic, investigative, and 
teaching program of this reproductive genetics unit and the Department. Applicants should be board certified/eli- 
gible in Obstetric and Gynecology and board certified/eligible in Medical Genetics. 


Responsibilities will include development of an independent research program in some aspect of reproductive 
genetics, partcipation in discharging this unit and department and department's clinical responsibilities, and 
participation in medical student, house staff, and fellow education. Salary commensurate with experience and 
academic status. 


UCSF is an Equal Opportunity Employer. Women and minorities are encouraged to apply. Please send letters 
of inquires and curriculum vitae to Mitchell S. Golbus, M.D., Chair, Search Committee, U-262, University of 
California, San Francisco, San Francisco, CA 94143-0720. 


Faculty Position: Chief of Obstetrics and Gynecology, University of San Francisco 
(UCSF)/Mount Zion Medical Center 


The Department of Obstetrics, Gynecology and Reproductive Sciences, UCSF, announces a national search 
for a chief of the UCSF obstetrics and gynecology service at its Mount Zion Hospital and Medical Center. This 
is a full-time academic appointment with excellent opportunities to develop a new program which is an integral 
component of the Department. 


The Mount Zion department is developing programs in gynecologic urology, general obstetrics and gynecology, 
a mature women’s (menopausal) program, and gynecologic oncology. The University has established Mount 
Zion as the site for its new Comprehensive Cancer Center, and the John Kerner Endowed Professorship in 
Gynecologic Oncology has just been established. 


Responsibilities will include medical student and house staff education, junior faculty development, development 
of aclinical practice, and administration. Research space is available for this individual and/or faculty recruitment. 
Salary commersurate with experience and academic status. 

UCSF is an Equal Opportunity Employer. Women and minorities are encouraged to apply. Please send a 
curriculum vitae to Mitchell Golbus, M.D., Chair, Search Committee, U-262, University of California, San 
Francisco, San Francisco, CA 94143. 


Contact Christy Carl at 
(503) 654-7111. 
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Fellowship In _ 
Reproductive Genetics 


The Division of Reproductive Genetics, De- 


partment of Obstetrics and Gynecology at The 
University of Tennessee, Memphis, is offering 


a two- or three-year fellowship in reproductive — 


genetics beginning July 1991. The fellowship 


program is approved by the American Board 


_ of Medical Genetics. Applicants must have 


| laboratory training and research in cytogenet- - . 
ics, DNA analyses, inborn efrors of metabo- ` 
lism, immunogenetics and population genet- — 

_ ics. Fellows are actively involved in clinical. 


completed a residency in obstetrics and gyne- 
cology, and eligibility for medical licensure in. 
Tennessee is required. The fellowship is de- . 
signed to provide a comprehensive’ experi-' 


ence in clinical genetics (counseling, prenatal 


diagnosis, amniocentesis, chorionic villus . 
~ sampling, fetal blood sampling, ultrasonogra- ` 
phy, dysmorphology, teratology,; alpha-feto-. 


protein screening). The program emphasizes 


` and laboratory research projects. Applicants 


- should send a curriculum vitae to: UT Medical’ ` 
Group, Employment Office; 66° N. Pauline, , 


Memphis, TN 38105. 
Affirmative Action/Equal 
Opportunity Employer 


` CHAIRPERSON: 


DEPARTMENT OF OBSTETRICS & 


GYNECOLOGY ` 


Thè College of Medicine of the University of - 
_ Arkansas for Medical Sciences is conducting. 


a search for the position of Professor and 
Chair, Department of Obstetrics & Gynecol- 
ogy.. The Department has active Clinical divi- 
sions of Maternal-Fetal Medicine, Reproduc- 


tive Endocrinology, and Gynecologic Oncol ` 
ogy. Its research component includés three _ 


Ph.D. scientists with expertise in biochemis- 


try, molecular biology, and virology. The can- . 
didate must possess sound academic creden- 7 


tials and have shown acommittmentto patient 


care, education, and administration. Applica- ` 


tions and nominations, including a curriculum 
vitae, should be sent by November 1, 1990 


to: Ernest J. Ferris, M.D., Chair, Search Com- - 


mittee for Chair of Ob/Gyn, U.A.M.S., Mail 


slot #556, 4301 W. Markham, ‘Little Rock, AR ` 


72205. 
The University of Arkansas is an Equal poe 





'  tunity/Affirmative Action Employer. 
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Gynecologic Oncologist 
Philadelphia, Pennsylvania 


. Progressive, rapidly expanding Division 
_ of Gynecologic Oncology located in 


Center City has full-time academic posi- 
tion available. Candidates must be Board 
Eligible/Certified .gynecologic oncolo- 
gists. Recruitment at Assistant/Associate 


_ Professor. level. Excellent clinical and re- 


search opportunities available. Competi- 
tive salary and benefits program. 


` Interested persons Send ‘curriculum vitae 


to: 

` John A. ‘Carlson, Jr., M. D: 

- Director, Division of - 
E -Gynecologic Oncology. 

Thomas Jefferson University 

School of Medicine 

PN of Obstetrics 
-and Gynecology 
| - 1025 Walnut Street 
‘Medical College Building-Room 310 

: ieee alc PA 19107. 


| Two person OB-GYN group, well 


established, in prestigious Long 
Island: community. Looking for 


| BC/BE Associate leading toward 
_ partnership. University and 

| . Community hospital affiliations, 
| in-office sonography, cryo 
-. surgery, and colposcopy. Excel- 

lent sa benefits, and future. 


< Send c V. to: 
` Marc Dh M.D., F.A.C.O.G. 
100 Manetto Hill Road 
r Suite 306 
- Plainview, NY 11803 
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Obstetrics and Gynecology Review Course 
October 22-27, 1990 — Omaha 


November 26- December 1, 1990 - 


Chicago | 


Now, your course with case-list reviews and mock oral exams 
i by the Osler Institute and Penn State 


OBJECTIVES 


e Increase basic knowledge and clinical skills in ob-gyn. 
e Assist'residents and fellows to organize study 

e Prepare exam candidates to pass their tests. 

- @ Provide practicing gynecologists with an update: 


METHODS 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


TOPICS 
Clinical Science Oncology’ | 
Surgical Anatomy ` Chemotherapy 
Embryology _ Vulva and Vagina 
Radiclogy Cervix. 
Geneti¢s Uterus 
‘Teratology Ovary | 
Anesthesiology Trophoblast 
Antibiotics Breast 
Pathology Benign Gynecology 
Vulva ` Infectious Diseases 
Vagina Urinary Retention 
Cervix - Urinary Incontinence 
Endometrium Pediatric Gynecology 
Myometrium Sexual Assault 
Ovary Ectopic Pregnancy 
Placenta Endometriosis 
Reproductive Maternal and 
Endocrinology Fetal Medicine 
Contraception Pharmacology 
Infertility Diabetes 
Amenorrhea Hypertension 
Abnormal Bleeding Hematology 
Androgen Antepartum Testing 
Prolactin — Premature Labor — 
pe st Birth Trauma 


Ae RE REN TR A o o a a y y A a s 


FACULTY 


Linda Brubaker, M.D. 
Rush Medical College 


- Peter Cherouny, M.D. 


Penn State University 


Phillip Galle, M.D. 
Southern Illinois University 


Edward Hill, M.D. 


” Univ. of Calif., San Francisco 


Karen Ireland, M.D. 


Oregon Health Science Univ. 


Allan Jacobs, M.D. 
St. Louis University 
Paul Kaminski, M.D. 
Penn State University 
Conley Lacey, M.D. 


Scripps Clinic, La Jolla, Calif. 


David Plourd, M.D. 
Santa Clara Valley Med. Ctr. 
Gerald Quirk, M.D. 
University of Arkansas 
Robert Scully, M.D. 
Harvard University 
Gary Shangold, M.D. - 
University of Chicago 
Ramona Slupik, M.D. 
Northwestern University 
Marion Verp, M.D. 


University of Chicago 


Richard Voet, M.D. 

Univ. of Texas, Southwestern 
Wendell Wall, M.D. 
University of North Dakota 
Stan Williams, M.D. 
University of Florida 


Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 


Name 
Address 
City/State/Zip 


Phone 


Mail today to: | 


1094 Dawn Lane, Dept. 10 
P.O. Box 2218 
Terre Haute, IN 47802 


For: C] October 22-27, 1990 — Omaha 
0] Nov. 26-Dec. 1, 1990 — Chicago 
C] Check enclosed for $ | 


[C] Please send more information 


‘| © Practicing Gynecologists: $720 


J * Comments by participants. 


e HOME STUDY MATERIALS with questions and answers 
e SEMINAR with projection slides and syllabus ` 

e LABORATORY with microscopic slides 

¢ PRACTICE EXAMS with oral and written parts `. 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: This course 
for residents and practicing gynecologists 
is a comprehensive review and update of- 
fered in the spring and fall. The fall course 
is more Clinically oriented. Home study 
questions are sent upon registration. 
Your best value is to repeat the course at 
‘half price immediately before exams.. The 
October course will be at the Ramada 
Hotel Central Omaha, 7007 Grover 
Street, Omaha, Nebraska. Rates will be 
$69 single ~ $74 double. The November 
course will be at the Hilton Inn, 3003 Cor- 
porate West Drive, Lisle, Ilinois. Rates 
will be $70 single — $90 double. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toll-. 
free 1-800-548-8185 for group discounts. 


"..the most education for the money.” * 


CATEGORY 1 C.M.E. AND FEES: 

e Penn State designates this continuing 
medical education activity for 60 credit 
hours in Category 1 of the Physician’s 
Recognition Award of the American 
Medical Association. | 

e b program has been approved for 60 

` cognates, Formal Learning, by The 

Aan College of Obstetricians and 


- Gynecologists. 

















e Residents and Fellows: $480 

¢ Repeating course within 3 years: $360 
© Case-list reviews and mock oral exams 

_ (half hour sessions) $7 
© Optional extra day Dec. 2 (more ques- 

tions, answers and pathology lab): $15 

© Add 10% for within 10 days of the cours 

è Attendees not in course hotel add $20/ 

7° ; ° Adeposit of $50 will reserve your positi 


T 
§ 
: 
i 
S 


CANCELLATIONS:Refunds subject to ` 
fee, will be made until the seminar be 


"remarkably complete and pleasant i 


INFORMATION: 
Joseph H. Selliken, Ir, M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box: 221 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-56 


21- and 28-day regimens 


ORTHO-NOWUMZ 77. S 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol, Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 

rovided with the product and therefore should not be used as the basis for prescribing the product. 
Fhis summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. l 
CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 


The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the - of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contrace’tives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
ee in oral contraceptives and the risk of vascular disease. A decline in serum high density 
ipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
study in the United States, the risk of =) myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50.micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of of dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
U.S. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. 2 ale riate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
eriod. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (See WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UPA complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develoos in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
tunction.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
ed observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors Vil, VIII, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine {Fe T4 b 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, tree T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids; however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
significance if a woman becomes ee shortly after discontinuing oral span pa 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may a Breast changes: tender- 
ness, ag teal secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. 
Vaginitis. Fr y Het Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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PART |: CURRENT CONCERNS IN ORAL CONTRACEPTION 


Oral contraceptives and breast cancer 1379 
James J. Schlesselman, PhD 
Bethesda, Maryland 


The lifetime risk of breast cancer does not appear to be appreciably affected by the use of 
oral contraceptives. | 


Oral contraceptives, lipoproteins, and atherosclerosis | 1388 
Michael R. Adams, DVM, Thomas B. Clarkson, DVM, Carol A. Shively, PhD, John S. Parks, PhD, 

and Jay R. Kaplan, PhD 

Winston-Salem, North Carolina 


Studies in macaques suggest that lowering of high-density lipoprotein cholesterol by progestins 
is not atherogenic when a sufficiently potent exogenous estrogen is coadministered. 


Oral contraceptives and myocardial infarction 1393 
Jan H. Thorneycroft, PhD, MD 


New Orleans, Louisiana 


Epidemiologic data suggest that the risk of myocardial infarction m oral contraceptive users is 
limited to women over 35 years who smoke. 


PART ll: A NEW ERA WITH GESTODENE 


Clinical acceptability of monophasic gestodene 1398 
Bernd Diisterberg and Klaus Brill 
Berlin, West Germany 


Results of clinical trials of the monophasic low-dose contraceptive containing 30 ug of ethinyl 
estradiol and 75 ug of gestodene among 100,000 women are reported. 
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Inhibition of ovulation by low-dose monophasic contraceptive containing 1404 
gestodene. 
Karl Thomas, MD, and Leo Vankrieken, BSc 


Brussels, Belgium 


In 25 subjects a new low-dose monophasic contraceptive containing gestodene provided 
excellent inhibition of follicular maturation. 


Effects of oral contraceptives on lipid metabolism 1410 
Jan A. Gevers Leuven, MD, PhD, Marianne C. Dersjant-Roorda, Frans M. Helmerhorst, MD, PhD, 

Rinse de Boer, MD, Angela Neymeyer-Leloux, MD, and Louis M. Havekes, PhD 

Leiden and Hertogenbosch, The Netherlands 


Two low-dose combination oral contraceptives containing ethinyl estradiol were shown to have 
minimal impact on lipid metabolism. 


Pharmacokinetics of gestodene and ethinyl estradiol after oral 1414 
administration of a monophasic contraceptive. 
Ulrich Täuber, PhD, Wilhelm Kuhnz, PhD, and Michael Hümpel, PhD 


Berlin, West Germany 


The pharmacokinetics of a monophasic contraceptive combining gestodene and ethinyl 
estradiol are described. 
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Oral contraceptives and breast cancer 


James J. Schlesselman, PhD 
Bethesda, Maryland 


Among women in general the risk of breast cancer through 59 years of age does not appear to be affected 
appreciably by the use of oral contraceptives. Nonetheless, concern continues to be expressed about the 
effects of early age at first use, long-term duration of use, formulation,.and a variety of other factors 
thought to influence breast cancer risk in the presence of oral contraception. A number of recerit studies 
restricted to young women suggest that long-term use may increase the risk of disease occurring very 
early, but the present lack of consistent findings in well-conduicted epidemiologic Studies prevents any 
certain conclusion with regard to cause-and-effect. However, if an increased risk were indeed present, the 
most plausible interpretation is that long-term oral contraception promotes earlier clinical manifestation of 
breast cancer in some women while having no net impact on their lifetime risk of the disease. (Am J 


Osstet GYNECOL 1990;163:1379-87,) 


Key words: Breast cancer, oral contraception 


More than 60 million women throughout the world 
now use oral contraceptive agents.’ The two constitu- 
ents of oral contraceptives, estrogen and progestogen, 
are known to play a role in both animal and human 
carcinogenesis.*® There is considerable disagreement, 
however, about the effects of oral contraceptives on 
women’s risk of breast cancer. Because hormones are 
considered to be tumor promoters and not initiators," 
an adverse effect of oral contraception should be re- 
vealed by a dose response with duration of use and 
should be more readily apparent at younger as opposed 
to older ages of cancer diagnosis. 

The findings of 17 different epidemiologic ga 
reported since 1980 indicate that the risk of breast can- 
cer through ages 55 to 60 years shows no dose response 
with total duration of use (Fig. 1).7™ Relative risk in Fig. 
1 refers to the risk of breast cancer in users of oral 
contraceptives divided by the risk in nonusers. A rel- 
ative risk of 1.3, for example, denotes a 30% increased 
risk in users; a relative risk of 0.7, on the other hand, 
denotes a 30% decreased risk in oral contraceptive 
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users, and a relative risk of 1.0 denotes no association 
between the risk of breast cancer and use of oral con- 
traceptives. There is also no dose response by duration 
of use before first-term pregnancy (Fig. 2).°* The ep- 
idemiologic findings are based on use of oral contra- 
ceptives predominantly between the ages of 25 and 40 
years. An emerging consensus is that oral contraception 
at these ages has no adverse effect on women’s risk of 
breast cancer through middle age.” 

A number of recent studies, however, suggest that - 
use of oral contraceptives may increase the risk of very 
early-occurring disease.**°° One strongly advocated hy- 
pothesis is that long-term use at young ages is the crit- 
ical dimension of exposure.”* °° If this were true, then 
past studies of older women would not show increased 
risks of breast cancer: (1) because oral contraceptives 
were not available to older women for use at young 
ages and (2) because an effect of oral contraceptives 
might be restricted entirely to early-occurring breast 
cancer. 


Breast cancer in young women 


Fig. 3 shows results from nine studies of breast cancer 
in women under age 45 years that report estimates 
of relative risk by total duration of oral contracep- 
tion.'* 750 333 The relative risks in Fig. 3 tend to be 
elevated with use beyond 4 years and are uniformly in 
excess of 1.0 after 8 years’ duration. Figs. 4 and 5 
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Fig. 1. Breast cancer in women younger than 60 years of age: relative risk by total years of oral 
contraceptive. (OC) use in 17 studies since 1980. (From Schlesselman JJ. Contraception. 1989;40:1- 
38, Reprinted with permission of Butterworth Publishers.) 


10 
O 

x v g © 
[a 

= + 
> 1-8 ; 
tw AF ae n ô 

(sb) B 
X 

0.1 


0 1 2 3 4 5 6 7 8.9 10 11 12 13 14 15 16 17 18 
Total years of OC use before FTP 


+ CASH, 1988 o Rohan, 1988 s Paul, 1986 o Rosenberg, 1984 
© Harris, 1982 A Vessey, 1982 v Paffenbarger, 1980 


Fig. 2. Breast cancer in women younger than 60 years of age: relative risk by total years of oral 
contraceptive use before first-term pregnancy. OC, Oral contraceptive; FTP, first-term pregnancy. 
(From Schlesselman JJ. Contraception. 1989;40:1-38, Reprinted with permission of Butterworth 
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Fig. 3. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 
contraceptive (OC) use in nine studies. 


provide study-specific details. The estimates by the In 1988 a report from the Royal College of General 
United Kingdom National Case-Control Study Group Practitioners stated that the risk of breast cancer in 
(Fig. 4) reported in May 1989 refer to women under British women 30 to 34 years of age who had ever used 
36 years of age.” The study by Pike et al. (Fig. 5) refers oral contraceptives was significantly increased com- 


to women under 33 years of age.” _ pared with never users: relative risk = 3.3 (95% con- 
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Fig. 4. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 


contraceptive (OC) use. 
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Fig. 5. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 


coantraceptive (OC) use. 
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Fig. 6. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 
contraceptive use before first-term pregnancy in nine studies. OC, Oral contraceptive; FTP, first- 


term pregnancy. 


fidence interval: 1.3 to 8.8). However, there was no 
indication of a dose response by duration of use. The 
risk was also increased in women 25 to 29 years of age 


who had ever used oral contraceptives, but the estimate ` 


(relative risk = 2.5) was very imprecise (95% confi- 
dence interval: 0.1 to 52.5) because only six cases of 
breast cancer were observed in this age range. The risk 
of breast cancer in women over age 35 years was re- 


ported not to be increased for oral contraceptive users. 
Thus it was suggested that the elevated risk at younger 
ages for oral contraceptive users might be the result of 
an accelerated presentation of breast cancer that would 
otherwise have been diagnosed at a later time.” __ _.. 


Fig. 6 shows estimates of the relative risk of*breast ~ 


cancer in women under age 45 years by dtration 
of oral contraceptive use before first-term pregnan- 
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Fig. 7. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 
contraceptive use before first-term pregnancy. OC, Oral contraceptive; FTP, first-term pregnancy. 
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Fig. 8. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 
contraceptive use before first-term pregnancy. OC, Oral contraceptive; FTP, first-term pregnancy. 


cy.7** 549° Because delay of first-term pregnancy itself 
increases the risk of breast cancer, the relative risks have 
been adjusted for this factor. The aggregate data sug- 
gest a trend of increasing risk with progressively longer 
periods of oral contraception before first-term preg- 
nancy, with a relative risk of about 1.5 at 4 to 6 years’ 
duration and a relative risk of about 2.0 at 8 to 10 years 
of use. The evident dose response in Fig. 6 is based on 
data from nine different studies, only three of which 
individually show a gradient of risk (United Kingdom, 
1989, in Fig. 7; Pike et al., 1981, and McPherson et al., 
1987, in Fig. 8). 

The Cancer and Steroid Hormone (CASH) Study, 
which was conducted by the U.S. Centers for Disease 


Control from 1980 to 1982, shows no effect in young ~ 


women overall. However, a recent analysis of its data 
suggests the possibility that prolonged oral contracep- 
tive use in excess of 8 years may accelerate the onset 
_of clinically apparent breast cancer in nulliparous 
women, particularly those with an early age at men- 
arche.” The indication that nulliparous women may 
be suspectible to an adverse effect of long-term oral 


contraceptive use is supported by a recent reanalysis of 
data from the population-based study in Sweden and 
Norway” but not by data from the population-based 
study in New Zealand (Skegg, DCG. Personal com- 
munication, University of Otago, Sept. 6, 1988). The 
Royal College Study, which also suggests a promotional 
effect, identifies a different subgroup of women at in- 
creased risk—-women of parity 1 who use oral contra- 
ceptives.** The U.K. National Study finds increased 
risks in both parous and nulliparous women. It also 
contradicts an earlier study from the United Kingdom 
in that it reports an effect of oral contraceptive use after 
first-term pregnancy that is just as large as the apparent 
effect of oral contraceptive use before first-term preg- 
nancy.” At present, the absence of any compelling ex- 
planation for the striking inconsistencies among these 
studies prevents any certain conclusion with regard to 
cause-and-effect. 

The rather strong suggestion of an elevated risk of 
early-occurring breast cancer with long-term oral con- 
traceptive use is not exactly reassuring. One has to be 
cautious, however, about interpreting studies and find- 
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Fig. 9. Breast cancer: cumulative risk per 1000 women, 1981 to 1985, United States. 
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Fig. 10. Breast cancer in women younger than 45 years of age: relative risk by total years of oral 


contraceptive use before age 25 years. 


ings limited to young women, because any alteration in 
risk found among them may not apply at older ages. 
Studies of breast cancer in women under age 45 years 
are restricted to the leading edge of the age-incidence 
curve. Although the lifetime risk of breast cancer in 
American women is about 1 in 10,® only 1 in 100 
(11/1000 in Fig. 9) develops the disease by age 45 
years.*! The recent U.K. National Study was restricted 
to women under the age of 36 years. The lifetime risk 
of breast cancer in the United Kingdom is about 1 in 
13, but the risk before age 36 years is only about 1 in 
500.” In the United States the risk of breast cancer 
before age 36 years is about 1 in 400." 


Age at first use, formulation, and latency 


Seven studies have presented data on breast cancer 
risk by duration of oral contraceptive use before 25 
years of age.' 75 #7. 28.31.35.38 The aggregate data shown 
in Fig. 10 suggest no dose response, but the findings 
hint at the possibility that more than 3 years of oral 
contraceptive use before age 25 years carries a slightly 
elevated risk of breast cancer. Six of the seven studies 
report relative risks that exceed 1.0 beyond 3 years of 
use. 

The question whether an early age at first use of 


oral contraceptives is an important determinant of 
risk has been addressed in numerous reports. Three 
population-based studies provide estimates of breast 
cancer risk by total duration of use in women who 
started using oral contraceptives before 20 years of 
age.’ °° Fig. 11 shows findings from New Zealand 
women, 25 to 54 years of age.’® Fig. 12 shows results 
in U.S. women, ages 20 to 44 years. Neither study shows 
evidence of an increased risk of breast cancer in women 
who started using oral contraceptives at young ages, 
even in those with long-term use. The U.K. National 
Study shows a significant dose response by duration of 
use in women starting oral contraceptives before age 
20 years (Fig. 13), but the increased risk is virtually the 
same regardless of age at first use.” Thus duration of 
use, not age at first use, is the important factor. 

Six other studies have reported data on age at first 
use as a potential breast cancer risk factor.’® 2! * 27.32. s 
Five of these indicate that age at first use is not im- 
portant. The one dissenting study”? was based on in- 
terviews that may have been biased.** * 

Effects of oral contraceptive formulation on 
breast cancer risk have been considered to date 
in at least 14 different studies reported since 
1980. !!-!3- 15. 18, 21, 23, 25, 28-31, 34-36, 44, 45 Estimates of risk have 
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Fig. 11. New Zealand Study: relative risk of breast cancer in women, 25 to 54 years of age, by 
duration of oral contraceptive use and age at first use. l 
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Fig. 12. CASH Study: relative risk of breast cancer in women, 20 to 44 years of age, by duration of. 


oral contraceptive use and age at first use. 
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Fig. 13. U.K. National Case-Control Study: relative risk of breast cancer under age 36 years by 
duration of oral contraceptive use and age at first use. 


been given on a brand-specific basis, in relation to var- 
ious classifications of oral contraceptives, and in rela- 
tion to the type and total dose ‘of estrogen and pro- 


gestogen. Suggestions of differential effects have ap- 


peared in several reports, ° = but none has been 


decisively confirmed. To give but one example, con- 
sider Fig. 14, which shows breast cancer risk in women 
under age 45 years by type of estrogen (ethinyl estradiol 
or mestranol) and duration-of use. A significant (p < 
0.01) dose response in breast cancer risk among women 
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Fig. 14. Relative risk of breast cancer in women younger than 45 years of age by estrogen (EE, 
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Fig. 15. Breast cancer in women younger than 55 years of age: relative risk by years since first use 
in women with more than 10 years of oral contraceptive (OC) use. (From Schlesselman JJ. Contra- 
ception. 1989;40:1-38, Reprinted with permission of Butterworth Publishers.) 


using Dral contraceptives containing ethinyl estradiol, 
reported from a study in the United Kingdom, is not 
supported by data from the CASH Study. 

Some investigators have suggested that the “nega- 
tive” studies can be explained on the basis of a hypo- 
thetic long-term latent effect. At least seven reports 
have addressed this issue directly.'* '% 3%. 78, 30.17.48 None 
of them, including all the “positive” studies, supports 
a long-term latency hypothesis.** The positive studies 
only suggest the necessity to accumulate 4 to 8 years of 
oral contraceptive use before showing an increased risk 
of ezrly-occurring breast cancer. Fig. 15 shows that in 
three of the negative studies, no evidence of a latent 
effect was apparent 10 to 18 years after first use in 
long-term users. 

Studies of oral contraception in women with a 
family history of breast cancer have reported “pos- 
itive”): Zi. 29, 51 and “negative”? 14, 17. 20. 32 findings 
with almost equal frequency. The evidence thus far, 
which is based on large, well-conducted studies, offers 


(3 


reassurance that women with a family history of breast 
cancer are not at increased risk of the disease because 
of oral contraception (Fig. 16). An almost identical 
situation occurs for benign breast disease, with “posi- 
tive”? 73 26 29.33 and “negative” studies’) '* '* 48 equally 
divided. Once again, the evidence favors the view that 
women with existing benign breast disease who initiate 
use of oral contraceptives do not alter their risk of 
developing breast cancer.” 


Comment 


Results of epidemiologic studies of oral contracep- 
tives and breast cancer are like brush strokes on a can- 
vas. If one stands far enough back from the details, an 
image seems to appear, whereas careful scrutiny reveals 
haphazard splashes of color. Such a phenomenon is 
acceptable in the realm of art, but not in science, where 
a penetrating gaze should lead to better, not poorer, 
perception. 

The disagreement among even the well-conducted 
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Fig. 16. CASH Study: relative risk of breast cancer in women younger than 55 years of age by total 
months of oral contraceptive use and family history of breast cancer. 


studies suggests that any effect of oral contraceptives 
on breast cancer risk is likely to be very subtle. This 
stands in marked contrast to effects of oral contracep- 
tion on cancers of the endometrium and ovary, in which 
epidemiologic studies consistently report substantial 
duration-related protective effects." 

Despite the widespread use of oral contraceptives 


and several reports that suggest increased risks of 


breast cancer, changes in population-based breast can- 
cer registrations suggest little, 1f any, effect. In light of 
the conflicting evidence, regulatory agencies in the 
United Kingdom and the United States have acted cau- 
tiously. In January 1989, an advisory committee to the 
U.S. Food and Drug Administration recommended no 
changes in labeling, use, or prescriptions of oral con- 
traceptives. This position was reaffirmed by the Food 
and Drug Administration later in May 1989 on review 
of the findings from the U.K. National Case-Control 
Study.” At the same time, the U.K.’s Committee on 
Safety of Medicines conducted an independent review 
and, weighing benefits and risks, recommended no 
change in oral contraceptive prescribing practice on the 
evidence then available. 


I thank Bruce V. Stadel for his comments on the 
manuscript. 
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Oral contraceptives, lipoproteins, and atherosclerosis 


Michael R. Adams, DVM, Thomas B. Clarkson, DVM, Carol A. Shively, PhD, 
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A nonhuman primate model was developed to study the effects of oral contraceptives on lipoproteins and 
atherosclerosis. Cynomolgus macaques were selected because of their susceptibility to diet-induced 
atherosclerosis and because their reproductive physiology, menstrual cycle, and circulating sex hormone 
patterns are similar to those of human females. The first study compared a vaginal ring containing 
levonorgestrel and estradiol with an oral contraceptive containing norgestrel and ethinyl estradiol. A 
second study compared two oral combinations: norgestrel—ethinyl estradiol and ethynodiol 
diacetate—ethinyl estradiol. As predicted, use of all the contraceptives led to lowering of high-density 
lipoprotein cholesterol levels. However, contrary to what might be expected, use of the ethiny! 
estradiol—containing oral contraceptives did not lead to an increase in the prevalence or extent of 
atherosclerosis. We concluded that ethinyl estradiol neutralized the atherogenic influence of the progestin 
component of oral contraceptives. (Am J Osstet GYNECOL 1990;163:1388-93.) 


Key words: Coronary artery atherosclerosis, estrogen, high-density lipoprotein cholesterol, 


oral contraceptive, progestin 


It has been established epidemiologically that dimin- 
ished plasma concentrations of high-density lipopro- 
teins (HDLs) are associated with increased risk of ath- 
erosclerosis and coronary heart disease.’ Because some 
oral contraceptives are known to lower HDLs, there 
has been concern that oral contraceptive use will result 
in increased atherosclerosis and coronary heart dis- 
ease.” Yet it is not clear whether the epidemiologic re- 
lationship can be extended to a situation in which 
plasma lipid profiles have been altered pharmacologi- 
cally, such as through the use of oral contraceptives. 
Furthermore, there is no compelling evidence of a 
widespread adverse influence of oral contraceptives on 
coronary heart disease. However, because this remains 
a controversial subject and is one that is difficult to 
address experimentally in human beings, we have used 
a nonhuman primate model of atherosclerosis to study 
the effects of oral contraceptives on lipoproteins and 
atherosclerosis. 

The cynomolgus macaque (Macaca fascicularis) has 
been used in atherosclerosis research for about 25 
years, principally because of its susceptibility to diet- 
induced atherosclerotic involvement of main branch 
coronary arteries. We chose it for our research because 
in addition to its susceptibility to diet-induced athero- 
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sclerosis, its reproductive physiology is very similar to 
that of human beings; the female has a 30-day men- 
strual cycle and circulating sex hormone patterns that 
are similar to those of women.’ Also, a natural meno- 
pause occurs in aged macaques. 

The macaques selected for the experiments were fed 
an atherogenic diet that is not very different in nutrient 
composition from that of the average person who is 
not following current dietary recommendations relative 
to coronary heart disease prevention. These diets con- 
tained about 40% of calories as fat and 0.1% as cho- 
lesterol. A feeding period of 2 to 3 years was needed 
to produce atherosclerotic plaques in coronary arteries. 
Total plasma cholesterol concentrations averaged 300 
to 400 mg/dl. The extent of atherosclerosis was deter- 
mined at necropsy and involved perfusion fixation of 
coronary arteries followed by the collection of five serial 
sections from each of the thrée major coronary arteries 
(Fig. 1). l 

This line of investigation began several years ago with 
the finding that premenopausal female macaques share 
with white women in most Western societies a relative 
sparing of the coronary arteries in atherosclerosis.’ As 
shown in Fig. 2, the extent of atherosclerosis in females, 
as evidenced by lumen stenosis, was about half that 
observed in males. Also, as in human beings, plasma 
HDL cholesterol concentration is lower in males than 
in females and the ratio of total serum cholesterol to 
HDL cholesterol is higher, but the gender difference 
in atherosclerosis persists even after statistical adjust- 
ment for this lipid difference. Subsequently, we found 
that ovariectomy resulted in a loss of this gender dif- 
ference.’ Physiologic estrogen replacement in ovariec- 
tomized macaques was shown to restore this coronary 
artery protection.® 
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Fig. 1. Extent of atherosclerosis, determined morphometrically, is expressed as the average size of 
‘the atherosclerotic plaque as (A) evident in the histologic section from a coronary artery and (B) 
indicated by the shaded area in the diagram. EEL, External elastic lamina, JEL, internal elastic 
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Fig. 2. Serum lipids/lipoprotein profiles and evidence of coronary artery atherosclerosis in male 
and female cynomolgus macaques. As in human females, macaque females have higher HDL cho- 
lesterol and lower total serum cholesterol to HDL cholesterol ratios than do their. male counterparts. 
(Data from Hamm TE Jr Kaplan JR, ae TB, Bullock BC. Atherosclerosis 1983;48:221-3. ) 
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Oral contraceptive studies _ 

Because endogenous sex hormones and physiologic 
doses of sex hormones influence atherosclerosis tn this 
species, we also used it to study the effects of ‘contra- 
ceptive steroid formulations. We have since completed 
two studies, which showed that despite these hypo- 


thetically:atherogenic changes in plasma lipid patterns, 


oral contraceptive treatment has no adverse influence 
on coronary artery atherosclerosis.”* We found strong 
evidence that atherosclerosis was inhibited by combi- 
nation oral contraceptives containing ethinyl estradiol. 

Study 1. In a study reported in 1987, we compared 
macaques fitted with a vaginal ring containing levo- 
norgestrel and estradiol (x = 13) to others given the 
oral contraceptive Ovral, norgestrel + ethinyl estradiol 
(Wyeth-Ayerst, Philadelphia, Pa.) (n = 15) and to un- 
treated controls (n = 15).’ 


Both contraceptive treatments resulted in large Te- 


ductions in plasma HDL cholesterol concentrations. 
Neither contraceptive influenced the prevalence of ath- 


erosclerosis (percentage of animals with plaque). Ani- 


mals fitted with the vaginal ring contraceptive showed 
an increase in the extent of atherosclerosis (plaque area) 


compared with control animals. In contrast, animals - 


receiving the oral contraceptive had no greater extent 
of atherosclerosis than did control animals. 

These findings suggest that the ethinyl estradiol com- 
ponent of the oral contraceptive neutralized the ath- 
erogenic influence of decreased HDL caused by the 


„progestin component. We speculated that estrogen may 


inhibit the atherosclerotic process through a direct in- 
fluence on cellular proliferation and metabolism in the 


arterial intima or through an indirect influence on cel- 


lular proliferation or metabolism. 

Study 2. Fig. 3 presents the design of the more recent 
study. A moderately atherogenic diet was fed to 77 
female macaques for 3] months. 

Methods. During the 7-month preexperimental pe- 
riod, baseline evaluations were made of plasma lipid 
and ‘lipoprotein variables, after. which animals were 
randomized into three treatment groups by means of 


a Stratification scheme that resulted in equivalence 
among the groups in regard to pretreatment plasma 
lipid-risk variables. One group thenserved as untreated 


controls, one group was treated with Ovral, and the 
third group was treated with Demulen, ethynodiol di- 
acetate + ethinyl estradiol (G. D. Searle, Chicago, IH). 
_ The oral contraceptives were powdered and mixed 
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Fig. 3. Design of study to determine the effect of oral contraceptive use on coronary artery athero- 


sclerosis. 


Table I. Basis for drug dose 


Cynomolgus macaque Woman 
Average weight (kg) 2.67 50-60 
Calorie consumption (cal/day) 267 1800 

Progestin Estrogen Progestin Estrogen 

Ovral dose, pg 74 7.4 -500 50 
Ovral dose/100 cal á 28 2.8 28 2.8 
Demulen dose, pg 148 7.4 1000 50 
Demulen dose/100 cal 55 2.8 55 2.8 


Table II. Concentrations of progestins in the 
circulation 3 to 5 hours after feeding 
measured at 4- to 6-month intervals 














Ovral* 






(ng/ml) Demulen? (ng/ml) 
Sampling (n = 23) (n = 26) 

Mo 5 (baseline) ND ND 

Mo 2 (treatment) 2.51 + 0.83 0.95 + 0.10 
Mo 6 (treatment) 2.46 + 0.33 0.86 + 0.18 
Mo 12 (treatment) 2.96 + 0.27 1.06 + 0.10 
Mo 18 (treatment) 2.68 + 0.34 9.79 = 0.09 
Mo 20 (treatment) 3.57 + 0.35 1.07 + 0.12 


*Measured as major active metabolite (levonorgestrel). 


Measured as major active metabolite ethynodiol diacetate 
(norethindrone). 


perlipoproteinemia (total serum cholesterol: HDL cho- 
lesterol > 4.5). Multiple regression analysis was used to 
estimate the difference between predicted effects on 
coronary artery atherosclerosis caused by the risk factor 
changes induced by contraceptive steroids and ob- 
served effects. 

Results. Table II summarizes plasma progestin con- 
centrations, either levonorgestrel or norethindrone 
{the major metabolite of ethynodiol diacetate), 3 to 5 
hours after feeding, measured at 4- to 6-month inter- 
vals. Concentrations remained relatively stable over the 
course of the experiment and in a range similar to 
values found in women using these formulations. 

As in human beings, oral contraceptives affected 
plasma triglyceride concentrations (Fig. 4). As pre- 


_ dicted from differences in the estrogen-progestin 


in the diet. The macaque dose was determined from 
the human dose scaled not by body weight but by spe- 
cies differences in daily caloric consumption (Table J). 
We chose this method because it is a simple way to adjust 
for differences in basal metabolic rate, which is higher 
in the monkey, and because our previous study showed 
that this dosing method resulted in plasma steroid con- 
centrations similar to those of human beings. 

Plasma lipids/lipoproteins were measured through- 
out the experimental period. After 24 months, nec- 
ropsies were performed to determine the extent of ath- 
erosclerosis. Data were analyzed for all animals and for 
a subset determined to be at high risk because of hy- 


balance, the macaques treated with the ethynodial 
diacetate—containing compound had the highest 
plasma triglyceride concentrations, whereas untreated 
control animals had the lowest concentrations. 

Predictably, total serum cholesterol concentrations 
were higher in the two treatment groups compared 
with the contro] animals (Fig. 5). The effect was most 
noticeable in the latter half of the treatment period. 
Also predictably, HDL cholesterol was lowered by both 
treatments (Fig. 6). This effect was most pronounced 
in the norgestrel-containing formulation. The ethy- 
nodiol diacetate compound was intermediate between 
the norgestrel compound and untreated controls. 
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Fig. 4. Plasma triglyceride concentrations by group and 
month. 
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Fig. 5. Total serum cholesterol concentrations by group and 
month. 
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Fig. 6. HDL cholesterol concentrations by group and month. 
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Fig. 7. Ratio of total serum cholesterol concentrations to HDL 
cholesterol concentrations by group and month. 


Table III. Percentage distribution of HDL subfractions of female cynomolgus macaques receiving 


oral contraceptives 


7 


23.2 + 4.0 
23.1 + 4.7 
19.6 + 3.0 


Control (n = 24) 29.4 + 4.1 
Ovral (n = 23) 5.4 + 2.5* 
Demulen (n = 25) 12.0 +3.27 


ADL 3, 
27.6 + 4.4 17.6 + 3.4 
29.1 + 4.4 41.4 + 5.4* 
33.5 + 4.1 Jar 23.6" 


From Parks JS, Pelkey SJ, Babiak J, Clarkson TB. Contraceptive steroid effects on lipids and lipoproteins in cynomolgus 
monkeys. Arteriosclerosis 1989;9:261-8. By permission of the American Heart Association, Inc. 


The ratio of total serum cholesterol to HDL choles- 
terol, which is a better predictor of extent of coronary 
artery atherosclerosis than either alone, was similar in 
the two treatment groups (Fig. 7). Both treatment 
groups showed markedly elevated total serum choles- 
terol to HDL cholesterol ratios compared with controls. 

Because it is now thought that the HDL, fraction is 
the component of HDL that provides protection against 
atherosclerosis, we looked at the HDL heterogeneity or 
the subfractions and distributions of HDL (Table IIT). 
The marked decreases in HDL cholesterol observed in 
both treatment groups can be largely explained by 
marked decreases in the HDL», subfractions. From the 
lipid and lipoprotein data compiled, we concluded that 
the changes induced by oral contraceptives were in a 


direction that would be predicted to have an adverse 
influence on risk of atherosclerotic coronary heart 
disease. 

The concern that adverse influences of oral contra- 
ceptives on coronary heart disease might be magnified 
in women whoare at the highest risk because of adverse 
plasma lipid profiles led us to determine the effects of 
treatment in all the macaques and also in a subset 
(n = 34) considered to be at highest risk because of 
ratios of total serum cholesterol to HDL cholesterol that 
were greater than 4.5. In macaques as in humans, risk 
dramatically increases above this ratio. 

Fig. 8 summarizes the effect of treatment on extent 
of coronary atherosclerosis expressed as plaque size. 
Coronary intimal area refers to the actual plaque size 
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Fig. 8. Effect of treatment on extent of coronary artery ath- 
erosclerosis expressed as plaque size. (From Clarkson TB, 
Adams MR, Shively CA, Koritnik DR. Proceedings of the Con- 
sensus Development Conference on Progestogens. Reeval- 
uation of lipid effects on atherosclerosis. Int Proc J 1989;1: 
262-6.) 


in square millimeters. In both groups, all subjects and 
the high-risk subgroup, macaques receiving oral con- 
traceptives were less affected than control animals. This 
difference approached statistical significance in the all- 
subjects group and was statistically significant among 
the high-risk animals. There appears to be a large pos- 
itive or protective effect of oral contraceptives with re- 
spect to coronary artery atherosclerosis. 

These comparisons did not take into consideration 
the potential confounding effects of plasma lipid con- 
centrations. Using multiple regression, we were able to 
predict the effects of oral contraceptives based on 
changes in plasma lipid levels (Fig. 9). Among all sub- 
jects, an approximately twofold increase in extent of 
atherosclerosis was predicted with each contraceptive 
formulation. What was observed was a 50% to 75% 
decrease in extent of atherosclerosis. Among high-risk 
subjects, the contrast was even more striking. Again, a 
twofold increase was expected. Instead, a 75% to 85% 
decrease in extent of atherosclerosis was observed. 


Comment 


In our studies we found no evidence that combina- 
tion oral contraceptives have an adverse influence on 
atherogenesis. In fact, there is strong evidence that oral 
contraceptives inhibit atherosclerosis, even in the face 
of marked reductions in plasma HDL cholesterol and 
especially among high-risk persons. There appears to 
be a large positive or protective effect of oral contra- 
ceptives with respect to coronary artery atherosclerosis. 

These studies were done with older, high-dose for- 
mulations not in widespread current use. Whether 
similar effects will be observed with newer, low-dose 
formulations is unclear. It seems, however, that the 
estrogen-progestin balance may be important in the 
protective effect, and although the estrogen dose has 
decreased in the newer formulations, the progestin 
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Fig. 9. Observed and expected effects of oral contraception 
on plasma lipids. 


dose has decreased proportionally or proportionally 
more than the estrogen dose. Thus in general the 
estrogen-progestin balance has not been substantially 
altered in the new formulations. 

Although it remains unknown whether oral contra- 
ceptives have similar arterial effects in human beings 
as in monkeys, the results of our studies are consistent 
with those of epidemiologic studies of human beings. 
Although these compounds have been in widespread 
use for about 25 years, there is no compelling evidence 
of a widespread adverse influence on coronary heart 
disease risk. On the contrary, the incidence of coronary 


heart disease among women. in the United States has 


declined markedly over this same time period. Also, 
although there is a well-known increase in risk as- 
sociated with current oral contraceptive use, the in- 
crease is very small and not in proportion to effects on 
plasma lipoproteins.’ In addition, current evidence in- 
dicates that this increase in coronary heart disease risk 
is largely confined to users of older, high-dose estrogen- 
progestin formulations who are cigarette smokers.* 
Also, the increased risk disappears after cessation of 
oral contraceptives” thus suggesting a nonatherogenic 
mechanism such as thrombosis or vasospasm. Further- 
more, some studies actually suggest a decrease in the 
risk of coronary heart disease in past users of oral con- 
traceptives.” ° Taken together, these findings indicate 
that oral contraceptives probably do not accelerate and 
may in fact inhibit progression of atherosclerosis in 
human beings. — 

We now suspect that in monkeys the antiatherogenic 


effect of oral contraceptives is accounted for by a direct 


effect of ethinyl estradiol, the potent estrogen in these 
formulations, on atherogenesis—an effect that is in- 
dependent of any changes in plasma lipids. This hy- 
pothesis is further supported by findings we have re- 
cently made in our laboratory that treatment with es- 
tradiol of macaques fed atherogenic diets resulted in 
marked reduction in the uptake and metabolism of 
atherogenic low-density lipoproteins by the artery wall 
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and may thereby directly retard atherogenesis." Al- 
though we have not yet studied effects of ethinyl es- 
tradiol on this process, it seems reasonable to speculate 
that it will be even more potent as an inhibitor of low- 
density lipoprotein uptake. Regardless of the mecha- 
nism, we conclude from our findings that contraceptive 
progestin-induced lowering of HDL is not atherogenic 
if a sufficiently potent estrogen is coadministered. The 
striking difference between the expected and observed 
outcome suggests a beneficial effect of ethinyl estradiol 
on the coronary wall. 
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Oral contraceptives and myocardial infarction 
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The risk of myocardial infarction in contraceptive users is limited to women over 35 years of age who 
smoke. The cause of myocardial infarction in oral contraceptive users is thrombotic and not 
atherosclerotic. Minor lipid changes have no clinical relevance to myocardial infarction in contraceptive pill 
users and do not appear to increase coronary plaques. (Am J OssTeT Gyneco 1990;163:1393-7,) 
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A number of both case-control and prospective stud- 
ies have examined the relationship between oral con- 
traceptives and myocardial infarction. A thorough re- 
view of this epidemiologic evidence is not the purpose 
of this article.’ The most recent analyses of the Royal 
College of General Practitioners’ Study are reviewed in 
detail, as are potential mechanisms by which oral con- 
traceptives could cause myocardial infarction. Partic- 
ular attention Is paid to the relevance of lipid studies. 
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Epidemiology 


Early retrospective studies demonstrated approxi- 
mately a fourfold increase in myocardial infarction in 
women ingesting oral contraceptives. More recent stud- 
ies and several prospective studies have not come to 
the same conclusion.’ The 198] analysis of the pro- 
spective Royal College of General Practitioners’ Study” 
found an increased risk for myocardial infarction in 
women ingesting oral contraceptives only if they were 
over the age of 35 years and smoked. The Oxford 
Family Planning Study’ found no association with cur- 
rent or past use of oral contraceptives in the analysis 
of their data published in 1987. They also noted that 
smokers were at increased risk. The Puget Sound and 
the Kaiser Walnut Creek studies in the United States 
failed to confirm an associated risk.*° 
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Table I. Royal College of General 
Practitioners’ data: Factors increasing relative 
risk of myocardial infarction 
Relative 95% confidence 
risk interval 
Oral contraceptive use 
Never 1.0 
Previous 1.0 
Current 1.8 
Smoking 
Nonsmoker 1.0 
<15 cigarettes/day 1.7 
> 15 cigarettes/day 4.3 
Toxemia 8 


Hypertension 2.4 
Diabetes 6.9 





Data from Croft P, Hannaford PC. Br Med ] 19893298: 
165-8. 


Table II. Risk factors for myocardial 
infarction and use of oral contraceptives 






Oral contraceptive use 


Risk factor 
Hypertension 
No 1.0 1.5 2.0* 
Yes 5.4* 2.6% 7.7” 
Toxemia 
No 1.0 1.3 2.0 
Yes 2.6* 4.0* 3,.2* 
Cigarettes 
Never 1.0 | 0.9 
<15/day 2.0 1.3 3.5* 
>15/day 3.3* 4.3* 20.8% . 


Data from Croft P, Hannaford PC. Br Med J 1989;298: 
165-8. 


*Significant rise. 


The most recent analysis of the data of the Royal 
College of General Practitioners’ Study by Croft and 
Hannaford’ identified several factors that increase the 
relative risk of myocardial infarction in young women 
(Table I). Neither current nor past oral contraceptive 
users had an increased risk of myocardial infarction. 
Although current users had a 1.8 times relative risk, 
the 95% confidence interval includes 1.0. Smoking was 
a significant risk factor for myocardial infarction. 
Smoking <15 cigarettes a day led toa 1.7-fold increased 
risk and > 15 cigarettes a day led to a 4.3-fold increased 
risk. A history of toxemia, hypertension, or diabetes 
was also a significant risk factor for myocardial in- 
farction. 

The data were also analyzed to determine if oral 
contraceptive use further increased the other known 
risks of myocardial infarction (Table II). Hypertension 
and toxemia were again associated with myocardial in- 
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Table III. Relative risk of major coronary 
disease among past users of oral 
contraceptives based on time since last use 


Time since last use 95% confidence 
(yr) No. of cases | Relative risk interval 


Never used 339 1.0 — 
<] l 0.3 0.1-2.2 
1-3 8 0.7 0.3-1.5 
3-5. 8 0.6 0.3-1.2 
5-10 33 0.7 0.5-1.0 
10-15 54 Re 0.9-1.6 
>15 18 1.0 0.7-1.4 


Data from Stampfer MJ, Willett WC, Colditz GA, Speizer 
FE, Hennekens CH. N Engl J] Med 1988:319:1313-7. Re- 
printed by permission of the New England Journal of Medicine. 


farction, but there were no differences among never, 
former, and current oral contraceptive users. The con- 
fidence intervals were wide. More data are needed on 
any potential interaction between oral contraceptives 
and hypertension, toxemia, diabetes, and abnormal 
baseline lipid studies. Current use of oral contracep- 
tives, in combination with smoking >15 cigarettes a day, 
had the highest high relative risk for myocardial in- 
farction. Oral contraceptive use amplified the risk as- 
sociated with smoking. These data expand those pre- 
viously published by the Royal College of General Prac- 
titioners, which demonstrated that the real risk factor 
for myocardial infarction in women using oral contra- 
ceptives is smoking. Pills of <50 wg have not been as- 
sociated with any myocardial infarctions.’ The differ- 
ences between early studies and recent analyses are that 
the early studies did not control] for smoking and pa- 
tients smoking <15 cigarettes a day were classified as 
nonsmokers. . 

If the rate of myocardial infarction was as great as 
originally estimated (fourfold increase), then mortality 
studies would clearly show an increased rate of death 
from ischemic heart disease or myocardial infarction 
after the introduction of oral contraceptives. Fig. 1 il- 
lustrates such data from the United Kingdom.’ After 
the introduction of oral contraceptives, cardiovascular 
disease declined slightly and ischemic heart disease was 
stable. Therefore no relationship could be found be- 
tween the introduction of oral contraceptives and heart 
disease. 


Causes of myocardial infarction 


Possible causes of myocardial infarction in women 
ingesting oral contraceptives include increased athero- 
genesis, increased coronary thrombosis, and coronary 
artery spasm. 

The belief that increased atherosclerosis may cause 
myocardial infarction is derived from the cholesterol 
hypothesis. Elevated total and low-density lipoprotein 
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Rate per 
100 000 





195658 60 62 64 66 68 70 72 74 76 78 


Fig. 1. Mortality rates in women, ages 15 to 44 years inclusive, per 100,000 population in England 
and Wales for cerebrovascular disease (CVD) and ischemic heart disease (IHD). OC, Oral contracep- 
tive. (From Wiseman RA, MacRae KD. Fertil Steril 1981;35:277-83. Reproduced with permission 


of the publisher, The American Fertility Society.) 


Table IV. Relative risk of major coronary disease among past users of oral contraceptives based on 


duration of use 


Duration of use 





(y7) 
None 339 
<] 45 
1-3 32 
3-5 20 
5-10 25 
<10 10 


O OD — eH p~ 
a e o a a ao @ 


Data from Stampfer MJ, Willet WC, Colditz GA, Speizer FE, Hennekens CH. N Engl J Med 1988;319:1313-7. Reprinted by 


permissicn of the New England Journal of Medicine. 


(LDL) cholesterol or decreased high-density lipopro- 
tein (HDL) cholesterol are atherogenic and associated 
with an increased rate of myocardial infarction. Pro- 
gestins present in oral contraceptives lower HDL and 
raise LDL cholesterol; all estrogens have the opposite 
effect. Older, high-dose progestin oral contraceptive 
preparations were associated with what could be inter- 
preted as adverse changes in lipid profiles. The lipid 
profile depends on the balance between the estrogen 
and progestin components. Modern low-dose oral con- 
traceptives are not associated with clinically significant 
lipid changes.” If the mechanism of action of oral con- 
traceptives in increasing myocardial infarction is re- 
lated to lipid changes, then the following findings 
should be evident: (1) Past use of oral contraceptives 
should increase myocardial infarction. (2) The rate of 
myocardial infarction should increase with increased 
duration of use. (3) Oral contraceptives should be as- 
sociated with adverse lipid profiles. (4) These adverse 
lipid changes should translate into increased coronary 
artery atherosclerosis. (5) Patients ingesting prepara- 
tions with adverse lipid changes or a high progestin 
content should have a higher myocardial infarction 


rate. (6) Autopsy and angiographic studies should show 
premature and extensive coronary atherosclerosis. 

Table III, which is adapted from the Nurses Health 
Study,” clearly demonstrates that women who used oral 
contraceptives in the past have no increased risks of 
myocardial infarction. Nine other studies have dem- 
onstrated that past use of oral contraceptives is not 
associated with an increased rate of myocardial infarc- 
tion. One study showed a small subset at increased 
risk''; however, Stampfer et al.'° were not able to con- 
firm that this subset was at greater risk. Table IV il- 
lustrates that duration of use also was not related to 
the incidence of myocardial infarction. 

Lipid changes in women ingesting oral contraceptives 
have been the subject of many publications. Fig. 2 il- 
lustrates LDL and HDL levels from selected oral con- 
traceptives from the study of Wahl et al.* The vast ma- 
jority of values from women ingesting oral contracep- 
tives are well within the normal range and unlikely to 
be atherogenic, even though their mean values may be 
changed. 

Whether adverse lipid changes noted with oral con- 
traceptive use translate into coronary atherosclerosis is 
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Fig. 2. LDL and HDL levels of selected oral contraceptives (mean + 2 SD). ON, Ortho-Novum, 
norethindrone + mestranol; NOR, Norlestrin, norethindrone acetate + ethinyl estradiol; OV, Ovral, 
norgestrel + ethinyl estradiol; DEM, Demulen, ethynodiol diacetate + ethinyl estradiol; OVU, Ovu- 
len, ethynodiol diacetate + mestranol. (Data from Wahl P, Walden C, Knopp R, et al. N Engl ] Med 


1983;30:862-7.} 


a difficult question to answer. The elegant cynomolgus 
macaque studies are reviewed in Adams’ presentation 
in this symposium.'’* * Briefly, significant lipid changes 
were induced in macaque monkeys given oral contra- 
ceptive preparations that lowered HDL and raised LDL 
cholesterol. These lipid changes induced by oral con- 
traceptives did not translate into increased athero- 
genesis. In fact, the macaque monkeys ingesting oral 
contraceptives had fewer coronary plaques than did 
control animals. Such an experiment is not possible in 


women. However, Engel et al. analyzed coronary an-. 


giograms in 76 young women who had suffered a myo- 
cardial infarction. Forty-two women used oral contra- 
ceptives and 34 did not. Thirty-six percent of women 
using oral contraceptives had diffuse atherosclerosis, 
whereas the 79% not using oral contraceptives had dif- 
fuse atherosclerosis. Clearly, women undergoing myo- 
cardial infarction while taking oral contraceptives did 
not have atherosclerotic myocardial infarction. Nu- 
merous autopsy studies have shown that myocardial 
infarction in women ingesting oral contraceptives was 
thrombotic and not atherosclerotic." | 
Some lipid studies have demonstrated that high-dose 
levonorgestrel-containing oral contraceptives have the 
more unfavorable lipid profile. This is not true for all 
studies. Comparisons between progestins are difficult, 
because unequivalent doses of progestin and estrogen 
are usually compared. It is the dose of the progestin 
and not the specific progestin that affects lipid levels. 
Croft and Hannaford’ were unable to find any evi- 
dence or examination of their data base to support the 
hypothesis that levonorgestrel increases the risk of 


myocardial infarction over other progestins. The rel- 
ative risk was 0.55 for levonorgestrel and 1.24 for other 
progestins. The confidence intervals both included 1.0. 
These differences were not significant. One study 
showed a dose-response curve between myocardial in- 
farction and the dose of progestin.’® However, patients 
did not take the various progestin doses in the same 
time span. Those patients who ingested the higher 
doses were probably older, since these were the older 
preparations. The increased rate of myocardial infarc- 
tion may simply be the result of the patient’s age. 


Comment 


. Myocardial infarctions are extremely rare events in 
women ingesting oral contraceptives and are usually 
limited to women over the age of 35 years who smoke. 
Women who are hypertensive, diabetic, or have a his- 
tory of toxemia have a higher rate of myocardial in- 
farction. Women with hypertension and toxemia are no 
more likely to have myocardial infarction if they are 
ingesting oral contraceptives; however, the confidence 
limits are large. The risk for persons with diabetes in- 
gesting oral contraceptives is unknown. 

The mechanism of action for myocardial infarction 
in women ingesting oral contraceptives is not athero- 
sclerotic but thrombotic or possibly spasm. Accelerated 
atherosclerosis is not a characteristic feature in patients 
with myocardial infarction who use oral contraceptives. 


' Minor lipid changes, noted mainly with oral contra- 


ceptives with a high progestin content, may be statis- 
tically significant but without clinical significance. It is 
too simplistic and invalid to extrapolate to oral contra- 
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ceptive data from epidemiologic studies examining the 


role of cholesterol in myocardial infarction in men. As . 


Adams et al. demonstrated in their contribution to this 
symposium, the estrogen component in birth control 
pills may directly protect the coronary arteries from 
such atherosclerosis by inhibiting the entry of LDL cho- 
lesterol into blood vessel walls. 
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PART II: A NEW ERA WITH GESTODENE 





Clinical acceptability of monophasic gestodene 


Bernd Diisterberg and Klaus Brill 


Berlin, West Germany 


The monophasic low-dose contraceptive containing 30 wg of ethinyl estradiol and 75 ug of gestodene has 
been tested in numerous Clinical studies to determine contraceptive reliability, cycle control, and influence 
on metabolism and to uncover concomitant symptoms. Clinical data have been derived from continuous 
phase’ lil studies. Now that the preparation has been introduced in several countries, the opportunity to 
assemble comprehensive experience has been taken by initiating phase IV studies. Documentation on 
600,000 therapy cycles with monophasic gestodene among 100,000 women is already available. The 
drop-out rate was low. A large number of women participated in the clinical studies for a long time—some 
up to 3 years. Study results showed that contraceptive reliability was high and cycle contral was excellent. 
The gestodene combination was well tolerated. The frequency of concomitant symptoms was low. The 
monophasic gestodene meets the basic criteria essential for an oral contraceptive. (Am J OBSTET GYNECOL, 


1990;163:1398-1404.) 


Key words: Combination oral contraceptive, contraceptive reliability, cycle control, 


gestodene 


In 1987 a new low-dose combination oral contracep- 
tive agent containing 75 pg of gestodene and 30 ug of 
ethinyl estradiol (Fig. 1) received its first marketing 
approval from the German authorities." The prepa- 
ration is based on the novel progestogen gestodene. 
Certain advantages are to be anticipated from the clin- 
ical application considering the endocrine pharmaco- 
logic profile of the compound. 

The potent progestational activity of gestodene? 
should provide contraceptive reliability even at ex- 
tremely low-dose levels. Antiestrogenic properties of 
the compound can reduce undesirable estrogenic ef- 
fects in the endometrium and in metabolism.” Contra- 
ceptive doses of gestodene are virtually without any an- 
drogenic activity; thus the occurrence of acne, large 
increases in body weight, and negative influences on 
lipid metabolism is unlikely. Finally, the slight antialdo- 
sterone effect of gestodene? may have some advantages 
for blood pressure during long-term application. Con- 
sequently, the pharmacologic profile of the new pro- 
gestogen fulfilled all prerequisites for the development 
of an oral contraceptive based on this progestogen. 

The aims of the clinical studies in phases III and IV 
were above all to examine contraceptive reliability, cycle 
control, and frequency of concomitant symptoms re- 
sulting from treatment with monophasic gestodene. 
These factors, in addition to the well-known beneficial 
effects of oral contraceptives, may have an influence 
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on the acceptability of the compound (Fig. 2). In this 
context, compliance must be considered. It can be as- 
sessed to some extent by the drop-out rate in clinical 
trials. 


Material and methods 


Subjects and design of trials. Healthy, sexually active 
female volunteers, ideally <35 years of age, were asked 
to take the preparation for periods varying between 6 
and 36 cycles in the different studies. Each volunteer 
provided informed consent and was considered to have 
sufficient intelligence and motivation to follow instruc- 
tions and continue the studies for the anticipated pe- 
riods of observation. They were screened for contrain- 
dications to the use of oral contraceptives. A complete 
history and physical examination were performed be- 
fore they entered the trial. Follow-up evaluations were 
performed regularly throughout the trial periods ac- 
cording to the trial protocols. 

Sizes of clinical trials. The sizes of seven multicenter 
phase III studies are shown in Table I.*° The trials 
were conducted mainly in European and in some Latin 
American countries according to local institutional reg- 
ulations. The number of women recruited and conse- 
quently the number of cycles covered varied consid- 
erably. In total 6854 women participated in 69,978 cy- 
cles of treatment with monophasic gestodene in phase 
II studies. 

In addition, data have been obtained on 523,477 cy- 
cles in 95,906 women participating in a phase IV 
study.’® This trial was performed in Germany according 
to German regulations. This means that for this type 
of trial, the most relevant conditions— for instance, the 
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Fig. 1. Structural formula of ethinyl estradiol and gestodene. 
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Fig. 2. Factors influencing patient acceptability of monophasic gestodene. 


Table I. Clinical trials with monophasic gestodene 


Phase Ill 
A West Germany 3,267 36,771 18 
B Europe, Latin America 1,095 14,281 24 
C Europe, Latin America 905 7,268 20 
D Europe, Latin America 817 4,574 12 
E United Kingdom 414 4,704 36 
F Switzerland 184 1,381 12 
G Italy 172 999 6 
SUBTOTAL 6,854 69,978 

Phase IV 
H West Germany 95,906 523,477 6 


TOTAL 102,760 593,455 


1400 Dusterberg and Brill 


breakthrough bleeding (% of cycles) `. 


|. phase Ill 
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124 pregnancies 


523.477 cycles 


phase IV 


' Fig. 4. Breakthrough bleeding rate during treatment with monophasic gestodene. 


Table II. The contr aceptive S o 
monophasic gestodene 


No. of women i 3,267 


Cycles of use oe: w= “SE,771. 
Period of observation: ` 18 cycles maximum 
Pearl index . l ue 
Tablet failure 0.07 
User failure” 0.16 


Range for low-dose 


oral contraceptives 0.03-0.22% 


“#See Taubert HD, Kuhl H. konami mit Hormonen: 


Stuttgart: George Thieme Verlag, 1981. 


trial prótocol, the record forms, and the performance 
of the trial in general—are comparable with those of 


the phase III studies. 


Results 

Contraceptive reliability. Few pregnancies were re- 
corded in any of the phase III-studies and the phase 
IV trial (Fig. 3). Despite incidences of one to eight or 
more missed tablets in many of the cycles in the various 
studies, pregnancies occurred in only three out of eight 
trials. Most of these pregnancies were attributable to 
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Y | spotting (% of cycles) 


phase III 





Fig. 6. Amenorrhea rate during treatment with monophasic gestodene. 


errors in tablet taking. Some pregnancies were pre- 
sumed to be from method failures. 

Based on the most comprehensive phase III trial cov- 
ering 36,721 cycles in 3267 women and the maximum 
observation period of 18 months, the Pearl index (as a 
measure of contraceptive reliability) was 0.07 for tablet 
failures and 0.16 for user failures (Table II). Thus the 
uncorrected Pear! index is about 0.2, a value confirmed 
by the phase IV trial. Although monophasic gestodene 
has an extremely low steroid content, its efficacy is as 
good or better than that of most currently available 
low-dose preparations.’ 


Cycle control. Bleeding irregularities were recorded 
as “breakthrough bleeding” when the quantity required 


Sanitary protection and as “spotting” when the amount 


was tolerable without such protection. The frequency 
of intracyclic bleeding was very low during treatment 
with monophasic gestodene. Breakthrough bleeding 
was reported in 0.6% to 2.8% of the cycles documented 
in the trials (Fig. 4). Spotting occurred for an incidence 
of 4.5% to 8.2%, mainly during the first cycles of use 
(Fig. 5). Amenorrhea, which was defined as an absence 
of bleeding during the tablet-free interval, was re- 
corded in <1% of the cycles (Fig. 6). 
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Fig. 7. Body weight changes during treatment with monophasic gestodene (phase III trial, n = 3267). 
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Fig. 8. Blood pressure changes during treatment with monophasic gestodene (phase III trial, 
n = 3267). (From Brill K, Schnitker J, Albring M. Langzeiterfahrungen mit dem niedrigdosierten 
Ovulationshemmer Femovan. Gyne 1989;2:47-50.) 


Incidence of concomitant symptoms. Overall, the 
incidence of concomitant symptoms reported by the 
women during the trials was very low. As shown in 
Table III, only breast tension, headache, nausea, ner- 
vousness, dizziness, and depression were recorded in 
>1% of the women after six cycles of monophasic ges- 
todene use. Nausea and vomiting occurred fairly fre- 
quently in the initial cycles of use and dropped there- 
after. The frequency of breast tension and headaches 
remained around the pretreatment level. Migraine- 
type headaches and varicose disorders were practically 
uninfluenced. 


Acne and edema were recorded as objectifiable symp- 
toms in a few cases (Table III). Regarding the number 
of women still participating in the study at the respec- 
tive times of assessment, there was a continuous decline 
in the rate of acne. The number of cases of edema 
dropped continuously with the progressing trials. 

Body weight and blood pressure. Monophasic ges- 
todene had essentially no pronounced effects on body 
weight in most women. As a representative example of 
the results of all trials, the findings of the largest phase 
III study are presented.* The mean values of kody 
weight changed only by a maximum of 0.2 kg in the 
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Fig. 9. Drop-out rate of clinical trials with monophasic gestodene. 


Table III. Concomitant symptoms after six cycles of treatment with monophasic gestodene: percentage of 


assessed women 


Breast 
Study Headache Nausea Nervousness Dizziness Depression Acne 


Phase III l 
A 9.3 23 2.5 
B 5.4 5.3 1.6 
C <1.0 1.0 <1.0 
D 7.0 11.0 6.0 
E 4.0 3.0 1.0 
F 2.5 13.1] 1.5 
G 12.4 4.4 () 
Phase IV 
H 0.5 0.6 0.1 


study population. No significant weight gain could be 
attributed to the oral contraceptive (Fig. 7). 

Similarly, blood pressure remained stable and within 
normal clinical limits in the eight trials. In all but a very 
few instances, pretreatment levels were measured 
throughout the studies. At no time was there an indi- 
cation that monophasic gestodene had any effect on 
systolic or diastolic blood pressure. The data of the 
different trials are consistent; the results of the phase 
III study illustrate the findings (Fig. 8). 

Discontinuation rates. Drop-out rates for medical 
reasons are shown in Fig. 9. Of the women enrolled in 
the trials, between 4.7% and 25.5% discontinued the 
monophasic gestodene for different medical reasons. 
Usually the drop-out rate was about 10% or even less 
than 10%. Study F had been performed in a family 
planning clinic in very young women. Probably the dif- 
ferent contraceptive behavior of these young women 
contributed to the drop-out rate. 


Concomitant symptoms 


Edema 

8.4 2.9 3.9 5.8 0.8 

6.4 1.7 1.5 2.8 0.5 

<1.0 <1.0 <1.0 <1.0 <1.0 

2.0 1.0 1.0 1.0 1.0 
1.0 1.0 2.0 2.0 0 
0 0 0.5 2.5 0 
0 0) 0 3.1 0 
0 0 0.3 0 


Generally the most frequently reported complaints 
were spotting and breakthrough bleeding, which were 
seen in a maximum of 5% of participants. Weight gain 
and headaches led to a drop-out rate of 2% to 4%. Less 
than 2% of the women reported nausea or breast ten- 
sion. Other events were very rare; the rate for all of 
these was <1% of the women enrolled. 

Comment. Cycle control of monophasic gestodene 
was excellent. The incidence of concomitant symptoms 
commonly associated with the use of oral contraceptives 
was minimal. Mean body weight and blood pressure 
showed virtually no changes. 

The participants’ acceptance of the new preparation 
was remarkably high. Only about 10% of the women 
discontinued the monophasic gestodene for medical 
reasons. It can be concluded from data obtained in 
about 100,000 women and 600,000 cycles of use that 
monophasic gestodene is an effective and well-tolerated 
oral contraceptive. 
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Inhibition of ovulation by low-dose monophasic contraceptive 


containing gestodene* 


Karl Thomas, MD, and Leo Vankrieken, BSc 
Brussels, Belgium 


Ovulation inhibition by the monophasic oral contraceptive containing 75 wg of gestodene and 30 yg of 
ethinyl estradiol was evaluated in 25 healthy volunteers for five cycles: a pretreatment cycle, three 
treatment cycles, and a posttreatment cycle. Serum luteinizing and follicle-stimulating hormones, estradiol, 
and progesterone levels were measured on days 8 through 17; progesterone was measured once, around 
day 21. Pelvic ultrasound examinations were performed on cycle days 6, 8, 10, 12, 14, and 16. In 18 
subjects completing the study, luteinizing and follicle-stimulating hormone levels were strongly depressed 
in the treated cycles. From treated cycle days 8 to 17, luteinizing and follicle-stimulating hormone levels 
reached values on the lower limit of detection. Luteal activity was not detected in treated cycles. Follicular 
activity, which was reflected by estradiol levels, was most strongly depressed during the first treated cycle. 
Pelvic ultrasound examinations confirmed excellent inhibition of follicular maturation. Restoration of ovarian 
function in the posttreatment cycle was excellent and showed a midcycle hormonal profile identical to the 


pretrial cycle. (Am J Osster GynEcot 1990;163:1404-10.) 


Key words: Gestodene, oral contraception, ovulation inhibition 


Gestodene is probably the most powerful synthetic 
gestogen currently used in humans. Consequently, it 
contributes to the development of very efficient hor- 
monal progestogen-estrogen combinations for oral 
contraception. Nevertheless, the impact of recent hor- 
monal contraceptive formulations containing gesto- 
dene on the hypophysial-ovarian axis,” whose prin- 
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cipal goal is the suppression of ovulation, needs more 
extensive documentation, because essentially only their 
metabolic effects have been carefully studied.” There- 
fore this study was undertaken of a low-dose mono- 
phasic contraceptive containing gestodene and ethinyl 
estradiol to evaluate the impact on the hypophysial- 
Ovarian axis in a group of young ovulating women. 


Material and methods 


Twenty-five healthy volunteers, ages 27 + 0.9 years 
(mean + SEM), with a mean cycle length of 28.2 + 0.6 
days (mean + SEM), were selected for the study. Each 
subject was followed during eight consecutive cycles: a 
pretreatment control cycle when no medication was 
given, six cycles when medication was given, and a post- 
treatment recovery cycle. A contraceptive preparation 
containing 75 ug of gestodene with 30 yg of ethiryl 
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Fig. 1. Mean plasma LH and FSH concentrations measured by polyclonal and monoclonal RIA 
techniques in eight volunteers during pregnancy and first treatment cycles. 


estradiol per daily dose was administered for 21 con- 
secutive days during the treatment cycles, followed by 
a 7-day pill-free interval. 

Plasma luteinizing hormone (LH), follicle- 
stimulat.ng hormone (FSH), estradiol, and progester- 
one levels were assayed daily from cycle days 8 through 
17 in the pretreatment cycle; treatment cycles 1, 3, and 
6; and tne posttreatment cycle. In addition, during the 
same cycles, progesterone was assayed once again at 
around cycle day 21, and pelvic ultrasound examina- 
tions were performed on days 6, 8, 10, 12, 14, and 16. 

Of the 25 volunteers who began the study, 7 dropped 
out. Three were unable to come regularly for follow- 
up, two showed no signs of ovulation during the control 
cycle ard therefore were excluded from the study, one 
dropped out after she became pregnant during the 
control cycle, and the seventh dropped out because of 
continuous spotting. All the results presented in this 
study are derived from the 18 volunteers who com- 
pleted the entire study. 

Blood plasma LH and FSH levels were assayed with 
polyclonal radioimmunoassay (RIA) systems (Amerlex, 
Amersham, England). Progesterone and 17 B-estradiol 
levels were assayed by classic RIA systems (Medgenix, 
Brussels, Belgium). In eight of the volunteers, plasma 
LH and FSH levels were simultaneously assayed by a 


monoclonal RIA system (Medgenix, Brussels, Bel- 
gium) during the pretreatment and first treatment cy- 
cles to compare the polyclonal and monoclonal RIA 
systems. 

Ultrasound investigation of the ovaries was per- 
formed with a 3.5 MHz Diasonics DRE 100 sector scan- 
ner by means of the full bladder technique and the 
transabdominal approach. The diameters of the follicle 
structure were measured in both longitudinal and 
transverse planes from which the mean was calculated. 


Results 


The results obtained from the comparative study of 
the monoclonal and polyclonal RIA systems are shown 
in Fig. 1. In both the pretreatment and first treatment 
cycles, the fluctuations in mean LH levels obtained by 
the two systems are perfectly parallel to one another. 
As expected, the monoclonal values were somewhat 
lower but not statistically significantly different from 
those obtained with the polyclonal system. A similar 
situation is observed with the FSH assays, but the results 
are strictly superposable. This preliminary comparison 
validated the further use of only a polyclonal RIA sys- 
tem to establish our results. a 

Figs. 2 and 3 show the mean LH and FSH pi files 
of the 18 volunteers during the five exporea éyeles. 


ut) ree ik 
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Fig. 2. Mean plasma LH levels in 18 volunteers during pre- and posttreatment cycles and during 
treatment cycles 1, 3, and 6 (75 wg of gestodene + 30 ug of ethinyl estradiol). | 
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Fig. 3. Mean plasma FSH levels in 18 volunteers during pre- and posttreatment cycles and during 
treatment cycles 1, 3, and 6 (75 wg of gestodene + 30 pg of ethinyl estradiol). 
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Fig. 4. Mean plasma 17-8 estradiol levels in 18 volunteers during pre- and posttreatment cycles and 
during treatment cycles 1, 3, 6 (75 wg of gestodene + 30 ug of ethinyl estradiol). 


For LH a complete suppression of the midcycle peak 
during the treatment cycles and its immediate reap- 
pearance in the posttreatment control cycle are ob- 
served. In the case of FSH secretion, the characteristic 
profile also disappears during the treatment cycle and 
again it reappears during the posttreatment control 
cycle. 

A strong inhibition of estradiol secretion is already 
apparent in the first treatment cycle (Fig. 4). Again, a 
normal cyclic profile reappears as soon as treatment is 
stopped in the posttreatment cycle. Similar remarks 
may be made concerning the progesterone profiles 
(Fig. 5), in which total suppression of luteal activity was 
observed during treatment. 

The hormone concentrations appear to have reached 
apparent stable suppressed values during the treatment 
cycles. If the hormonal concentrations during the treat- 
ment cycles are plotted on an expanded scale (Fig. 6), 
we can observe the impact of treatment not only on the 
characteristic hormonal fluctuations of the ovulatory 
cycle, as shown in Figs. 2 through 4, but also demon- 
strate that basal levels were significantly affected. In 
LH and FSH, a progressive significant decrease in con- 
centration was clearly present in cycle 1 and to the same 
degree in treatment cycles 3 and 6. 

However, the expanded scale for estrogens, shows a 


somewhat different pattern. During the first treatment 
cycle, nearly all serum estradiol concentrations are <25 
pg/ml. However, in contrast, in the third and sixth 
treatment cycles, an elevated estradiol level was ob- 
served during the first few days of the hormonal in- 
vestigation. For progesterone, the concentrations re- 
main within stable limits during the treatment period 
(Fig. 5). 

Fig. 7 shows the distribution of maximal 178- 
estradiol (pg/ml) in each individual investigated cycle 
of the 18 volunteers. In the pre- and posttrial cycles, 
nearly all estradiol concentrations are in the mature 
follicular range values. In contrast, estradiol concen- 
trations are strongly depressed (<25 pg/ml) in nearly 
all treatment cycles. However, in cycles 3 and 6, a few 
volunteers showed slight follicular activity and one even 
showed a high estradiol level. 

The results of the ultrasound investigation of the 
ovaries are shown in Fig. 8. Here the data are expressed 
as the maximal follicular diameter, this from the lead- 
ing follicle, measured in each investigated cycle. Again, 
the ovaries of pre- and posttreatment cycles show ma- 
ture preovulatory follicles except in two cases in the 
posttreatment cycle, in which the follicular maturation 
was somewhat retarded. During all treatment cycles, 
follicular growth was blocked around 10 mm diameter 


1408 Thomas and Vankrieken October 1990 


Am J Obstet Gynecol 


Pretreatment cycle Posttreatment cycie 


Pa ng/mi 





—20 -10 0 10 20 -20 -10 0 10 29 


Days from LH peak Days from LH peak 
Treated cycle 1 Treated cycle 3 Treated cycle 6 


P4 ng/ml 





0 
0 10 20 30 0 10 20 30 0 10 20 30 
Days of cycle Days of cycle Days of cycle 


Fig. 5. Mean plasma progesterone estradiol levels in 18 volunteers during pre- and posttreatment 
cycles and during treatment cycles 1, 3, and 6 (75 ug of gestodene + 30 wg of ethinyl estradiol). 
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Fig. 6. Mean plasma LH, FSH, and 17ßB-estradiol concentrations in an expanded scale in the three 
explored cycles during treatment. 
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Fig. 7. Distribution of maximal 178-estradiol levels in each investigated cycle of 18 volunteers. 
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Fig. 8. Distribution of maximal follicular diameters in each investigated cycle of 18 volunteers. Each 


open circle represents the leading follicule of the cycle. 


and only one in the third treatment cycle grew 12.5 
mm. This exception is the same woman who had a high 
estradiol level during the third treatment cycle, as 
shown in Fig. 7. However, as with all the other vol- 
unteers, this woman did not develop any luteal activity 
during treatment. 

Whereas oral contraceptives containing 75 pg of ges- 
todene and 30 pug ethinyl estradiol have no clinically 
relevant influence on lipids, carbohydrates, and blood 
clotting,’ from the foregoing evidence we can conclude 
that the impact on the hypophysial-ovarian axis results 
in a strong inhibition of this axis and consequently ovu- 
lation. The data of our study may be summarized as 
follows: 

1. There is complete suppression of the midcycle LH 

surge and complete suppression of the character- 


istic fluctuations in FSH. Furthermore, from the — 


first treatment cycle, basal levels of LH and FSH 


clearly show a progressive and significant de- 
crease; this continues to be observed to the same 
degree in treatment cycles 3 and 6, thus demon- 
strating the efficacy of the formulation on basal 
gonadotropin secretion from the beginning of 
treatment. 


. Excellent blockage of follicular maturation is ob- 


served by ultrasonic assessment of the ovaries. 
This is further confirmed by very low plasma es- 
tradiol levels. However, the expanded scale of es- 
trogen levels in the third and sixth treatment cy- 
cles shows slightly elevated estradiol levels in the 
first days of the hormonal investigation. This sug- 
gests that in a few volunteers follicular maturation 
may have already been initiated during the 7-day 
pill-free interval. This is not observed in the first 
treatment cycle when the volunteers begin treat- 
ment on the first day of menstruation. The pos- 
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sibility that follicular activity was initiated in some 
women, as observed in a few of our volunteers, 
during the third and sixth treatment cycles, raised 
the problem of the ideal length of the pill-free 
interval. The 7-day pill-free interval should be 
considered the maximum permitted. This prob- 
lem is all the more acute because of the forget- 
fulness of some users. On the other hand, it has 
been shown that a 2-day interruption in the intake 
of this formulation failed to produce any marked 
increase in ovarian activity. 

3. The strong inhibition of ovarian secretion is also 
reflected by total suppression of all luteal activity, 
even in the few patients in whom the initiation of 
follicular maturation was observed. 

4. Finally, it was remarkable to observe that the nor- 
mal hormonal profile was completely restored 
during the immediate posttreatment cycle. 


Comment 


Our data show that the gestodene—ethinyl estradiol 
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women, effectively inhibits the hypophysial-ovarian 
axis, thus providing absolute contraceptive security de- 
spite the low dosage of the components. 
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Effects of oral contraceptives on lipid metabolism 


Jan A. Gevers Leuven, MD, PhD, Marianne C. Dersjant-Roorda, 
Frans M. Helmerhorst, MD, PhD, Rinse de Boer, MD, Angela Neymeyer-Leloux, MD, and 
Louis M. Havekes, PhD 


Leiden and Hertogenbosch, The Netherlands 


A randomized, comparative study of two low-dose oral contraceptives was carried out in 60 nonpregnant 
women for 12 cycles. Twenty-eight women took a preparation containing 150 ug of desogestrel and 30 ug 
of ethinyl estradiol; 32 took 75 ug of gestodene and 30 pug of ethinyl estradiol. Baseline values in the two 
groups were in good agreement. During the first three cycles, serum cholesterol levels remained 
unchanged, but triglyceride and high-density lipoprotein cholesterol levels increased significantly and to the 
same extent (about 20%). Low-density lipoprotein cholesterol levels decreased slightly. Apolipoproteins A, 
and A, and low-density lipoprotein B increased significantly and similarly. Except for continued increases 
in low-density lipoprotein B, no further changes were noted during subsequent cycles. We conciuded that 
the two contraceptives have the same impact on lipid metabolism, with all lipid and apolipoprotein values 
remaining within the normal range. The changes with both pills reflect a mild estrogenic dominance. 
Implications for coronary artery atherosclerosis appear to be minimal. (Am J OBSTET QYNECOL 
1990;163:1410-3.) 


Key words: Atherosclerosis, desogestrel, ethinyl estradiol, gestodene, lipid metabolism, oral 
contraceptives 
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Fig. 1. Simplified scheme of lipoprotein metabolism (TG, Triglyceride; APO, apolipoprotein; £, 
estrogen; A, androgen; VLDL, very low-density lipoprotein; LDL, low-density lipoprotein; HDL, 
high-density lipoprotein; ~, enhancement; |, inhibition) (From Gevers Leuven JA, Dersjant- 
Roorda MC, Helmerhorst FM, de Boer R, Neymeyer-Leloux A, Havekes L. Am ] OBSTET GYNECOL 
1990; 163:361.) 
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Fig. 2. Mean triglyceride values (= standard deviation) before 
and during use of contraceptives. (DSG-EE, 150 wg desoges- 
trel + 30 wg ethinyl estradiol; GTD-EE, 75 wg gestodene + 30 
ug ethinyl estradiol.) 


lesterol is causally associated with an inhibition of ath- 
erogenesis is less complete. 

Fig. I is a simplified scheme of lipoprotein metabo- 
lism.? In the l:ver triglyceride synthesis is enhanced by 
estrogen and inhibited by androgen. This triglyceride 
is brought into the circulation in particles called very 
low-density lipoproteins, so these particles are filled 
with endogenous triglyceride. The synthesis rate of its 
carrier protein, apolipoprotein B, 1s also enhanced by 
estrogen. 

In the circulation very low-density lipoproteins are 
cleared by fat-consuming tissues (such as the heart mus- 
cle) and stored in adipose tissue. When triglyceride is 
removed, the particles shrink, so core remnants are 
smaller than very low-density lipoproteins. They are 
brought into the circulation again. These core rem- 
nants still contain apolipoprotein B. Liver lipase finally 
converts them to low-density lipoproteins. The low- 
density lipoprctein still contains the same amount per 
particle of apolipoprotein B. 
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Fig. 3. Mean low-density lipoprotein cholesterol values (+ 
standard deviation) before and during the use of oral contra- 
ceptives. (GTD-EE, 75 ug gestodene + 30 pg ethinyl estradiol; 
DSG-EE, 150 wg desogestrel + 30 wg desogestrel + 30 ug 
ethinyl estradiol.) 


In contrast, surface remnants that are also formed 
during the clearance of very low-density lipoproteins 
enter the circulation and are converted into high- 
density lipoproteins. Estrogen enhances the synthesis 
of their major carrier protein, apolipoprotein A. Liver 
lipase is probably involved in the removal of cholesterol 
from high-density lipoproteins. Lipolytic ‘activity of 
liver lipase is inhibited by estrogen and enhanced by 
androgen. Progestogens may have antiestrogen and an- 
drogen side effects. When a contraceptive pill contain- 
ing an estrogen and a progestogen is introduced, as in 
the study described herein, the resultant effect is not 
predictable. | 


Material and methods 


A fuller discussion of this study is contained in an 
article published previously in this JOURNAL.” The study 
enlisted 60 healthy, nonpregnant women between the 
ages of 20 and 35 years. Most had not previously used 
an oral contraceptive and none had used one within 
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+11% +7% +5% 
P<0.001 <0.05 <0.05 





Total +24% 


No significant difference between the two OCs 


Fig. 4. Individual variations in low-density lipoprotein apolipoprotein B levels from pretreatment 
to treatment cycles 3, 6, and 12. (GTD-EE, 75 wg gestodene + 30 yg ethinyl estradiol; DSG-EE, 150 
ug desogestrel + 30 pg ethinyl estradiol.) (From Gevers Leuven JA, Dersjant-Roorda MC, Hel- 
merhorst FM, de Boer R, Neymeyer-Leloux A, Havekes L. AM J OBSTET GYNECOL 1990;163:360.) 
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Fig. 5. Effect of two oral contraceptives on apolipoprotein B. 
(LYN-EE, 750 wg lynestrenol + 37.5 pg ethinyl estradiol; 
LNG-EE, 150 wg levonorgestrel + 30 ug ethinyl estradiol.) 


the past 3 months. The subjects were randomized into 
two groups: 32 were given 75 wg of gestodene and 30 
wg of ethinyl estradiol; 28 women were given 150 wg 
of desogestrel and 30 pg of ethinyl estradiol. Fasting 
blood samples were taken between the seventeenth and 
twenty-fifth day of the pretreatment cycle and between 
the eighteenth and twenty-second days of cycles 3, 6, 
and 12. Informed consent was obtained. The commit- 
tee on medical ethics of the University of Leiden had 
approved the study. 


Results 

Triglycerides. When measured pretreatment, tri- 
glyceride levels for the two groups were the same (Fig. 
2). Through cycle 3, triglyceride levels increased close 
to the classic level that would be predicted based on the 
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No significant differance between the two OCs 


Fig. 6. Mean high-density lipoprotein cholesterol values (+ 
standard deviation) before and during use of oral contracep- 
tives. (DSG-EE, 150 pg desogestrel + 30 pug ethinyl estradiol; 
GTD-EE; 75 wg gestodene + 30 pg ethinyl estradiol.) 


estrogenic effect. After that triglyceride values leveled 
off. 

Low-density lipoprotein cholesterol. Introduction 
of either oral contraceptive did not lead to an increase 
in low-density lipoprotein cholesterol (Fig. 3). With the 
desogestrel-containing combination, there was actually 
a slight but significant decrease in these levels during 
the first three cycles. 

The carrier lipoprotein of low-density lipoprotein, 
apolipoprotein B, increased to a significant degree in 
every period of observation for both contraceptives 
(Fig. 4). Overall between pretreatment and the twelfth 
cycle, apolipoprotein B levels increased 26% with the 
gestodene formulation and 24% with the desogestrel 
formulation. This is not a significant difference be- 
tween the two formulations, but the fact that apolipo- 
protein B levels were increasing was worthy of concern. 
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Fig. 7. Mean apolipoprotein A, values (+ standard deviation) 
before and during use of oral contraceptives. (DSG-EE, 150 
ug desogestrel + 30 pg ethinyl estradiol; GTD-EE, 75 pg ges- 
todene + 30 ug ethinyl estradiol.) 


This increase is not unique to these two formulations. 
When we studied two other combination pills, one con- 
taining 750 wg of lynestrenol and 37.5 wg of ethinyl 
estradiol and the other 150 pg levonorgestrel and 30 
wg of ethinyl estradiol, we also observed increases in 
apolipoprotein B compared with untreated controls 
(Fig. 5).* We suspect the increase in apolipoprotein B 
is an estrogenic effect. 

High-density lipoprotein cholesterol. For both for- 
mulations, high-density lipoprotein concentrations in- 
creased significantly at a similar rate from pretreatment 
to cycle 3 (Fig. 6). After cycle 3 the concentrations for 
both formulations leveled off, albeit with some fluc- 
tuation. 

Baseline apolipoprotein A, values for the formula- 
tions were the same, and both showed a comparable, 
highly significant increase at cycle 3 (Fig. 7). Apoli- 
poprotein A, values for the desogestrel combination 
continued increasing through the balance of the cycles. 
After a drop between cycles 3 and 6, apolipoprotein A, 
values for the gestodene combination resumed increas- 
ing. We only have preliminary data on apolipoprotein 
Ay values for these two formulations. However, evi- 
dence from our comparison of combination formula- 
tions containing lynestrenol or levonorgestrel showed 
clear increases in apolipoprotein A, values over control 
values (Fig. 8). Apolipoprotein A, values were highest 
in the lynestrenol combination, which contained a 
larger estrogen component (37.5 wg versus 30 pg ethi- 
nyl estradiol). 


Comment 


From our accumulated evidence to date, we conclude 
that all mean values of lipoprotein levels increased sig- 
nificantly in users of low-dose oral contraceptives. 
These changes indicate a mild estrogenic dominance 
in all four low-dose oral contraceptives we examined 
in Our two studies. 
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Fig. 8. Effect of oral contraceptives on apolipoprotein Ag. 
(LYN-EE, 750 wg lynestrenol + 37.5 pg ethinyl estradiol; 
LNG-EE, 150 ug levonorgestrel + 30 wg ethinyl estradiol.) 


On the basis of current knowledge, it seems un- 
likely that changes in the estrogen/(antiestrogen + 
androgen) balance induced by oral contraceptives in- 
crease cardiovascular risks. The rise in triglyceride 
levels is probably of little, if any, relevance.’ The pos- 
sible increased risk caused by the rise in apolipoprotein 
B, which has been observed in studies in men,® even if 
it applies to women, would appear to be offset by the 
decrease in risk resulting from the increase in apoli- 
poproteins A, and Ag.’ 


We thank H. A. Th. de Pagter for her skillful ad- 
ministrative work and P. C. M. de Wit, A..E. M. Kramp, 
and H. A. van der Voort for skillful technical assistance. 
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Pharmacokinetics of gestodene and ethiny! estradiol after oral 


administration of a monophasic contraceptive 


Ulrich Tauber, PhD, Wilhelm Kuhnz, PhD, and Michael Himpel, PhD 


Berlin, West Germany 


The pharmacokinetic and protein-binding properties of gestodene and ethinyl estradiol have been 
investigated after single and multiple dosing in several studies in 83 healthy, young women. After oral 
administration, gestodene is completely absorbed and bioavailable and exhibits dose-linear 
pharmacokinetics. During long-term pill use, serum levels of gestodene were four to five times higher than 
after single administration, showing a periodic increase from day 1 to day 10 during each cycle. 
Ultrafiltration studies revealed that 75.3% of total serum gestodene is bound to sex hormone—binding 
globulin, 24.1% is bound to albumin, and only 0.6% is not protein bound. Thus gestodene levels during 
steady state are explained by an increase in sex hormone binding—globulin as a result of concomitant 
administered ethinyl estradiol and a specific binding of gestodene to this protein. Serum levels of ethinyl 
estradiol during single and multiple administration were identical and were not different from those 
observed with another preparation containing 30 ug of ethinyl estradiol. (Am J OBSTET GYNECOL 


1990;163:1414-20.) 


Key words: Ethinyl estradiol, gestodene, monophasic contraceptive 


Progestins and estrogens in ora. contraceptives are 
either drugs, which are, per se, pharmacologically ac- 
tive, or prodrugs, which must be converted into the 
active compound by the organismi. Most progestins 
used in oral contraception are of the 19-nortestosterone 
type (Fig. 1). Norethisterone, as the first compound 
available, is still one of the most widely used progestins 
and is the active principle of several prodrugs (noreth- 
isterone acetate, norethynodrel, ethynodiol diacetate, 
and lynestrenol). 

Changing the methyl residue at C13 to an ethyl 
group led to norgestrel and its solely active enantiomer 
levonorgestrel (D (—) norgestrel), whose progestogenic 
activity is approximately 10-fold higher than that of 
norethisterone.'* The progestins of the so-called third 
generation are desogestrel, norgestimate, and the latest 
development, gestodene. Desogestrel and norgestimate 
are both prodrugs. Desogestrel ts activated in the 
body by conversion into 3- -ketodesogestrel; nor gesti- 
mate is converted by biotransformation into several 
metabolites—one, of which the most important is prob- 
abiy levonorgestrel. 

After oral administration of a contraceptive pill, a 
series of events precede or run in parallel while the 
active ingredients reach their site of action. A necessary 
prerequisite for drug absorption is the disintegration 
of the tablet in the gastrointestinal tract and the dis- 
solution of the active ingredients. After absorption and 
first passage in the liver, the active ingredients are 
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botind to transport proteins in the plasma and are dis- 
tributed throughout the body by way of the circulation. 
Parallel to these distribution processes, the compounds 
are metabolically degraded and excreted with the.urine 
and the bile. Pharmacokinetics describes these pro- 
cesses quantitatively by monitoring drug and metabolite 
levels in blood and excreta. 

This article presents the pharmacokinetic behavior 
of gestodene in humans. 


Material and methods 

Subjects and design of trials. Tables I and II sum- 
marize the most important pharmacokinetic studies 
with gestodene in human volunteers. 

Single-dose studies. In the single-dose study by Düs- 
terberg et al., absorption, distribution, biotr ansforma- 
tion, and excretion were investigated after intravenous 
and oral administration of 50 and 500 pg of carbon 
14—gestodene ("C-label in the ethinyl group) as a 
solution in propanediol physiologic saline solution 
(10/90 v/v) and as micronized substance together with 
lactose. 
In the study by | Tauber et al.,> basic pharmacokinetic 
parameters of gestodene, absolute bioavailability, and 
dose linearity of pharmacokinetics were investigated in 
a fourfold changeover design in six young women. In 
a third trial plasma levels of ethinyl estradiol were stud- 
ied in 18 young female voluntéers receiving a single 
dose of Femovan (gestodene, 75 wg + ethinyl estradiol, 
30 pg; Schering Ag, Berlin, West Germany) and Mar- 
velon (desogestrel, 150 wg + ethinyl estradiol, 30 ug; 
Organon, Oss, The Netherlands) in a crossover design.® 
Both preparations contained 30 pg of ethinyl estradiol. 

Multiple-dose studies. Unlike most other drugs, 
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Fig. 1. Chemical structures of progestins used in oral contra- 
ception. 


plasma levels of 19-nortestosterone—type progestins 
during multiple dosing cannot be predicted from 
single-dose pharmacokinetics. This is due to the in- 
duction of sex hormone—binding globulin (SHBG) by 
the concomitant administration of ethinyl estradiol and 
specific binding of 19-nortestosterone—type progestins 
to SHBG.’ 

In three studies the plasma or serum levels of ges- 
todene and also those of SHBG and cortisol-binding 
globulin have been followed over longer time spans.’® 
In the last study the protein-binding characteristics of 
progestins were also analyzed, comparing gestodene 
with 3-ketodesogestrel.* 

Assays. Total concentrations of gestodene and ethi- 
nyl estradiol in plasma or serum were determined 
after diethyl ether extraction by specific radiommmu- 
noassays developed in the research laboratories of 
Schering AG.*'° SHBG, cortisol-binding globulin, and 
cortisol levels were measured with commercial kits.* 

Free fraction, albumin, and SHBG-bound propor- 
tions of sex steroids were determined after spiking of 
ex vivo samples with °H-gestodene, °H-ketodesogestrel, 
or *°H-ethinyl estradiol (specific radioactivity >1.5 
TBgq/mmol) by means of an ultrafiltration method sim- 
ilar to that described by Kuhnz et al.° and Hammond 
et al.” 


Results 


Gestodene: Single-dosing. Distribution and elimi- 
nation processes can be studied undisturbed by ab- 
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Fig. 2. Plasma gestodene levels after intravenous administra- 
tion of 75 wg of gestodene to six women (mean + SD). Upper 
figure: Linear scale; lower figure: semilog scale. (From Tatiber 
U, Tack JW, Matthes H. Contraception 1989;40:461-79, Re- 
printed with permission of Butterworth Publishers.) 


sorption phenomena only after intravenous adminis- 
tration. After single intravenous administration of 75 
ug as solution, the concentration of gestodene in the 
plasma declined in three different phases for which 
half-lives of 10 + 7 minutes, 1.5 + 1.4 hours, and 
10 + 2.3 hours have been calculated (Fig. 2). First and 
second disposition half-lives mainly reflect distribution 
processes; the terminal half-life reflects the elimination 
of the drug from the plasma. Gestodene is highly 
bound to plasma proteins. The apparent volume of 
distribution of the central compartment (Ve) was de- 
termined as 0.15 + 0.06 L/kg. The volume of distri- 
bution during the terminal phase (V,) was 0.66 + 
0.43 L/kg.? 

Gestodene is almost entirely metabolized before it 
leaves the body. Less than 1% of the dose has been 
found unchanged in the urine. As with many other 
steroids, gestodene is metabolized into a large number 
of metabolites. Biotransformation pathways comprise 
reduction processes at the 3-keto group as well as at 
the A‘-double bond, hydroxylation at various points of 
the molecule (including C1, C6, and C11), and conju- 
gation (Fig. 3). By cochromatography of a metabolite 
isolated from dog urine, it was estimated that <4% of 
the dose was excreted in the form of a deethinylated, 
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Table I. Single-dose pharmacokinetic studies with gestodene and ethinyl estradiol in humans 






Dose (pg) 


Ethinyl Route of 
Gestodene | estradiol | administration 
50 









Type of study 


Pharmaceutical 
formulation 














No. of 


subjects Aim of study Reference 








Twofold crossover with IV Propylene glycol 3 "“C-radioactivity in Diisterberg et al. 
%C-ethinyl-GTD 500 PO Saline 10/90 v/v plasma and ex- 
Capsule with lactose creta 
Balance 


Metabolite pattern 
in plasma and 


urine 
Fourfold crossover 75 IV Propylene glycol 6 GTD plasma levels Tauber et al.° 
Saline 10/90 v/v Pharmacokinetic 
25 30 PO Tablet parameters 
75 30 PO Absolute bioavail- 
125 30 PO ability 
Dose dependency 
Twofold crossover 
comparison 
Femovan 75 30 PO Coated tablet 18 — Serum levels of Kuhnz et al. 
EE 
Marvelon 150* 30 PO Tablet 


EE, Ethiny] estradiol; GTD, gestodene; IV, intravenous; PO, by mouth. 


*Desogestrel. 


Table II. Multiple-dose pharmacokinetic studies with gestodene and ethinyl estradiol in humans 












Dose (pg) 


Ethinyl 
Gestodene | estradiol | administration 
75 30 





Type of study 


Pharmaceutical 
formulation 










No. of 


subjects Aim of study Reference 








Steady-state kinetics PO Coated tablet 6 GTD, SHBG Diisterberg et al. 
over | cycle levels 
Steady-state kinetics 75 30 PO Coated tablet Il GTD, CBG, Kuhl et al.” 
over 12 cycles SHBG, days 1, 
10, and 21 
Long-term studyt 
Group comparison, day 
14 of cycle 
Femovan 75 30 PO Coated tablet 39 Free and bound Hümpe! et al.’* 
Marvelon 150* 30 PO Tablet 30 GTD, KDG, EE, Kiihnz et al.’ 
CBG, SHBG, 
cortisol 


CBG, Cortisol-binding globulin; EE, ethinyl estradiol; GTD, gestodene; KGD, 3-ketodesogestrel; SHBG, sex hormone~binding 


globulin; PO, by mouth. 
* Desogestrel. 


tWomen had been taking Femovan or Marvelon for a period of 11 + 5 months or 38 + 24 months, respectively. 


D-ring homoannulated metabolite. The metabolites of 
gestodene were mainly excreted with the urine with a 
half-life of approximately 24 hours. Total plasma clear- 
ance of gestodene, which represents metabolic clear- 
ance, was 0.80 + 0.53 ml/min/kg (Table III). 

After oral administration, gestodene is rapidly ab- 
sorbed into the systemic circulation. Maximum. concen- 
trations are reached after 30 minutes to 3 hours. No 
absorption problems have been observed after dosage 
of the tablet formulation. One-hundred percent of the 
dose reaches the systemic circulation unchanged, as 
seen from a comparison of areas under the plasma 
concentration-time curve after oral and intravenous ad- 
ministration; that is, gestodene undergoes no mention- 


able first-pass metabolization during the absorption 
process. Plasma concentration-time profiles for gesto- 
dene after oral and intravenous administrations are 
stikingly similar and are essentially superimposable af- 
ter the absorption process is finished (i.e., 2 to 3 hours 
after dosing). 

The pharmacokinetics of gestodene are dose linear 
over the whole therapeutic range and cover all dosage 
forms of both monophasic and triphasic preparations; 
that is, underlying pharmacokinetic processes obey 
first-order mechanisms. Plasma levels of gestodene and 
areas under the plasma level curves increased linearly 
with the dose, whereas all other pharmacokinetic pa- 
rameters, such as time of maximum concentration, 
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Fig. 3. Biotransformation pathways of gestodene. (Modified from Düsterberg B, Tack JW, Krause 
W, Hiimpel M. Pharmacokinetics and biotransformation of gestodene in man. In: Elstein M, ed. 
Gestodene: development of a new gestoden low-dose contraceptive. Carnforth, England: Parthenon 


Publishing, 1987:35-44, by permission.) 


Table III. Pharmacokinetic parameters of 
gestodene after single intravenous 
administration of 75 wg to six women 
(mean + SD) 


Parameter | Result 


First disposition half-life 0.16 + 0.12 hr 


(tyyAy) 

Second disposition half-life 1,53. 1.35 hr 
(typAg) 

Half-life (ty) 10.01 + 2.33 hr 


4 
Total plasma clearance (CL) 0.80 = 0.53 ml/min/kg 
Area under curve (AUC) 35.2 + 15.1 ng’ hr/ml 
Volume of distribution of 0.15 + 0.06 L/kg 
central compartment (Vo) 
Volume of distribution dur- 
ing terminal phase (V2) 


0.66 + 0.43 L/kg 


Data from Tauber U, Tack JW, Matthes H. Contraception 
1989;40:461-79, Reprinted with permission of Butterworth 
Publishers. 


half-lives, volumes of distribution, clearance rate, and 
bioavailability, were independent of the dose (Fig. 4 
and Table IV).° 

Usually there is only one binding protein for drugs; 
that is, albumin, which is available in high concentra- 
tions in plasma or serum. Certain basic drugs are bound 
to the a,-acidic glycoprotein. In 19-nortestosterone 
progestins but not in C21-progestins, another binding 
protein, the so-called SHBG that physiologically binds 
testosterone and estradiol, plays an important role. 

Intake of ethinyl-containing oral contraceptives can 
lead to a gradual increase in SHBG concentration in 
the plasma. The extent of the SHBG increase depends 
on the estrogen-progestogen balance of a preparation, 
that is, on the dose of ethinyl estradiol and on the 
dose and nature of the progestin. Table V shows 
the nonprotein-bound fraction and the albumin- and 


——— 25g 
—— 75 yg 
~--- 125 ug 


hours 


—— 25g 
—— 75 ug 
-=== 125 ug 





Fig. 4. Plasma gestodene levels after oral administration 25, 
75,and 125 wg to six women (mean + SD). Upper figure, linear 
scale; lower figure, semilog scale. (From Taüber U, Tack JW, 
Matthes H. Contraception 1989;40:461-79, Reprinted with 
permission of Butterworth Publishers.) 


SHBG-bound fraction of gestodene in women with ba- 
sal (77 + 28 nmol/L) and induced (186 + 57 nmol/L) 
SHBG levels. A 2.4-fold increase in SHBG levels led to 
a decrease in the free fraction of gestodene, from 
1.9% + 0.3% to 0.6% + 0.1%. This change in the 
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Symbol Progestin RBA 
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Fig. 5. Replacement of *H-dihydrotestosterone (DHT) from human SHBG (serum of pregnant 
women) by various progestins, n = 4. RBA, Relative-binding affinity. (Muhn-Seipoldy HP Unpub- 


lished results.) 


- Table IV. Pharmacokinetic parameters of gestodene after single oral administration of 25, 75, and 125 pg 
as tablets together with 30 wg ethinyl estradiol (mean + SD, n = 6) 


Parameter 


Maximum concentration (C,,,.), ng/ml 
Time of maximum concentration (tma), hr 
Half-life of absorption (A) (tva), hr 
Second disposition half-life 

(tuAo), hr 
Half-life (ty), hr 
Area under curve (AUC), ng - hr/ml 
Fraction of dose systemically available (F) 


Dosage 

1.0 + 0.4 3.58 + 1.4 6.98 + 2.2 
19+ 1.2 Loy ri.2 1.40 + 0.96 
1.2 + 0.65 0.98 + 0.6 0.92 + 0.64 
0.97 + 0.7 0.82 + 0.5 1.30 + 1.10 
13.94 + 2.9 11.78 + 2.5 13.87 + 2.75 
10.6 + 5.2 35.0 + 16.6 61.9 + 21.5 
0.88 + 0.18 0.99 + 0.1] l.l} + 0.18 


Data from Tauber U, Tack JW, Matthes H. Contraception 1989;40:461-79, Reprinted with permission of Butterworth Publishers. 


nonprotein-bound fraction is obviously caused by a re- 
distribution of gestodene in the human body. At low 
SHBG levels, almost equal proportions were bound to 
albumin and SHBG, whereas in the induced SHBG 
state, the proportion bound to SHBG was more than 
threefold higher than the proportion bound to al- 
bumin. 

A competition experiment with the serum of preg- 
nant women confirms the results of the ex vivo—binding 
studies. The serum of pregnant women containing high 
levels of SHBG was loaded with *H-dihydrotestosterone 
as ligand. The replacement of °H-radioactivity by 
various progestins was measured as a function of 
their concentrations. Relative-binding affinity de- 
creased in the order of gestodene > levonorgestrel > 
3-ketodesogestrel (Muhn-Seipoldy HP. Unpublished 
results) (Fig. 5). 

Gestodene: Multiple dosing. Oral contraceptives are 
taken long term in a regimen of a once daily for 3 weeks 
followed by a pill-free interval of 1 week. Because of 
the periodic increase of SHBG over each cycle and the 
specific binding of gestodene to this protein, serum 
levels of gestodene cannot be predicted by computer 


simulation from single-dose pharmacokinetic param- 
eters. 

Fig. 6 shows the time course of total gestodene trough 
levels and SHBG levels in a subject receiving the mono- 
phasic preparation over one cycle. Both compounds 
increased in the plasma up to days 8 to 10, at which 
time steady state was reached. During the intake-free 
intervals, gestodene but not SHBG achieved pretreat- 
ment values, owing to their different half-lives of 18 
hours and 10 to 14 days, respectively.’ . 

In Fig. 7 average area under the curve values of total 
and free gestodene serum level curves ‘determined in- 
11 women on days 1, 10, and 21 in cycles 1, 3, 6, and 
12 are presented.” The free levels are in a dynamic 
equilibrium with concentrations at the target tissues. 
The periodic increases in total gestodene concentra- 
tions and area under the curve values during each cycle 
are higher than the accumulation determined by the 
half-life and the dosing interval. Increases observed can 
be easily explained by the periodic increase in SHBG 
up to 300% above pretreatment levels and the high- 
specific binding of gestodene to this binding protein. 

Ethinyl estradiol. Fig. 8 shows mean time course of 
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Table V. Binding of gestodene to human 
plasma proteins in women with basal and 
induced SHBG levels 
















Single Multiple 
administration | administration 


(n = 18) (n = 38) 


Nonprotein bound, % unbound 1920.3 0.6 + 0.1 
Albumin, % bound 47.8 + 7.5 24.1 + 0.1 
SHBG, % bound 503 E 7.8: O32 p] 
SHBG concentration (nmol/L) 77 + 28 180 + 61 


Data from Tauber U, Tack JW, Matthes H. Contracep- 
tion 1989;40:461-79: and Kuhnz W, Pfeffer M, Al-Yacoub G. 
J Steroid Biochem 1990;35:3 13-8. 


Table VI. AUC values of ethinyl estradiol after 
single dose and during long-term use of 
Femovan and Marvelon in pg: hr/ml 










Single-dose, 


nutraindividual Long-term use, 






comparison | group comparison* 
Femovan 
AUC (0-4 hr) 308 + 83 305 + 115 
(n = 18) (n = 39) 
AUC (0-24 hr) 1002 + 332+ 1246 + 468 
(n = 18) (n = 39) 
Marvelon 
AUC (0-4 hr) S15: 77 354 + 139 
(n = 18) (n = 30) 
AUC (0-24 hr) 1001 + 3117 1360 + 541% 
(n = 18) (n = 30) 


AUC, Area under the curve. 


*Measured per average on day 14 of cycle after an average 
intake period of 11 (Femovan) and 38 (Marvelon) months. 


AUC calculations based on sampling points, 0, 0.5, 1, 1.5, 
2, 3, 4, 6, 8, 12, and 24 hours. 


AUC calculations based on sampling points 0, 0.5, 1, 2, 3, 
4, and 24 hours. 


ethinyl estradiol levels in a group of 18 women who 
received Femovan and Marvelon in a randomized cross- 
over design with a washout period of 1] week between 
both administrations. Area under the curve (0 to 4 
hours) values for both preparations were equal and 
were also equal to those determined after long-term 
use of both preparations. Area under the curve (0 to 
24 hours) values for long-term use (per average day 14 
of cycle in both preparations) were approximately 25% 
to 30% higher than those after single administration 
(Table VI). This increase is less than that observed by 
Kaufmann et al.” in ethinyl estradiol trough levels of 
women using oral contraceptives containing levonor- 
gestrel and 30 or 50 pg of ethinyl estradiol, but is in 
agreement with the accumulation of ethinyl estradiol 
that was predictable from plasma half-lives of 6 to 8 
hours found by most authors for ethinyl estradiol." 
Likewise, no difference between Femovan and Mar- 
velon was seen in SHBG, cortisol-binding globulin, or 
cortisol levels.” ° 
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Fig. 6. Plasma levels of SHBG and gestodene as determined 
for a control cycle and a 21-day treatment cycle (75 pg of 
gestodene and 30 ug of ethinyl estradiol) in one test subject. 
(From Diisterberg B, Tack JW, Krause W, Htimpel M. In: 
Elstein M, ed. Gestodene: development of a new gestoden low- 
dose contraceptive. Carnforth, England: Parthenon Publish- 
ing, 1987:35-44.) 


Comment 


The monophasic oral contraceptive combining ges- 
todene and ethinyl estradiol provides complete and 
rapid absorption and bioavailability of gestodene with 
dose-linear pharmacokinetics. Plasma levels of ethinyl 
estradiol are no different from those observed with 
another preparation containing the same amount of 
ethinyl estradiol. . 

Periodic increases in the serum levels of gestodene 
are seen from day 1 through day 8 during each cycle. 
Gestodene is highly bound to plasma proteins. Slightly 
more than three fourths of total serum gestodene is 
bound to SHBG and nearly all the balance to albumin. 
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Fig. 7. Areas (0 to 4 hours) under serum level curves of total (left ordinate) and free (right ordinate) 
concentration of gestodene on days 1, 10, and 21 of cycles 1, 3, 6, and 12 during intake of monophasic 
gestodene-coated tablets over a I-year period (mean + SD, n = 11). (Total AUC [0-4 hr] values 
from Kuhl H, Jung-Hoffman C, Heidt F. Contraception 1988;38:477-86.) 
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Fig. 8. Plasma levels of ethinyl estradiol in a group of 18 
women taking a single dose of either Femovan (upper figure) 
or Marvelon (lower figure) in a crossover design (mean + SD). 
(From Kuhnz W, Hümpe! M, Schütt B, Louton T, Steinberg 
B, Gansau C. Horm Res 1990;33:40-4. by permission of S. 
Karger AG, Basel.) 
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nw, A personalized approach 
> 7 tooral contraceptives. 


Because Tri-Norinyl is uniquely phased for 
all phases of a woman's reproductive life, it's 
ideal for a wide range of patient types: 


Older, nonsmoking patients restarting con- 
traception, because Tri-Noriny] is the 
only multiphasic with low-impact 
norethindrone that lowers progestin in 
late cycle to minimize overall hormo- 
nal and metabolic impact. 





Career-oriented patients delaying childbear- 
ing, because reduced progestin helps 
minimize side effects that can dis- 
rupt daily life, such as weight gain, 
headache, and depression. 


Younger patients just starting contraception, 
because low-impact norethindrone 
lowers the risk of acne and bloating, 
and is increased at mid-cycle, to pro- 
vide enhanced endometrial support 
when breakthrough bleeding is most 
likely to occur. 





Uniquely phased for all phases of a woman's reproductive life 





Committed to the OB/GYN $| SYNTEX | 
and women’s healthcare S } 
SYNTEX LABORATORIES. INC 

PALO ALTO. CA 94304 





Serious as well as minor side effects have been reported following the use of all oral contraceptives, These include thromboembolic disease. 
Please see next page for brief summary of prescribing information. © 1990 Syntex Laboratories, Inc. 814-H2-172-90 
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Uniquely phased for all phases of a woman’s reproductive life 


ORAL CONTRACEPTIVE AGENTS: BRIEF SUMMARY 
DESCRIPTION 

TRI-NORINYL 21-DAY Tablets an oral oe regimen of 7 blue tablets 
followed by 9 yellow-green and 5 more blue tablets. Each blue tablet contains 
norethindrone 0.5 mg and ethinyl estradiol 0.035 se each yellow-green tablet con- 
tains norethindrone 1 mg and ethinyl estradiol 0.035 mg. 
TRI-NORINYL 28-DAY Tablets provide a continuous oral contraceptive regimen of 7 
blue tablets, 9 yellow-green tablets, 5 more blue tablets, and then 7 orange tablets. 
Each blue tablet contains norethindrone 0.5 mg and ethinyl estradiol 0.035 mg, each 
yellow-green tablet contains norethindrone 1 mg and ethinyl estradiol 0.035 mg, and 
each orange tablet contains inert ingredients. 

INDICATIONS AND USAGE 


Oral contraceptives are indicated for the prevention of pregnancy in women who elect 
to use these products as a method of contraception. 


CONTRAINDICATIONS 
Oral contraceptives should not be used in women who have the following conditions: 
T or thromboembolic disorders * A past history of deep vein throm- 
bophiebitis or thromboembolic disorders + Cerebral vascular or coronary artery dis- 
ease + Known or suspected carcinoma of the breast + Carcinoma of the endometrium, 
and known or suspected estrogen neoplasia * Undiagnosed abnormal geni- 
tal bleeding +C tic jaundice of pregnancy or jaundice with prior pill use * Hepatic 


adenomas, carcinomas or benign liver tumors + Known or suspected pregnancy 
WARNINGS 












Cigarette smoking increases the risk of serious cardiovascular side effects 

from oral contraceptive use. This risk increases with and with heavy 

smoking or more laa per day) and s quite marked in women ove 

35 a contraceptives should be strongly 
0 







The use of oral contraceptives is associated with increased risks of several serious 


conditions includi rdial infarction, thromboembolism, stroke, hepatic neo- 
oo and gallt r disease, although the risk of serious morbidity and mortality 
increases significantly in the presence of other underlying risk factors such as hyper- 
tension, hyperlipidemia, hypercholesterolemia, obesity and diabetes. 

Practitioners prescribing oral contraceptives should be familiar with the following 
information relating to these risks. 

The information contained in this package insert is principally based on studies carried 
out in patients who used oral contraceptives with ormulations containing 0.05 mg or 
higher of estrogen. The effects of long-term use with lower dose formulations of both 


_rstrogens and progestogens remain to be determined. 


Throughout this labeling, epidemiological studies reported are of two types: retro- 
spective or case control studies and prospective or cohort studies. Case control stud- 
ies provide a measure of the relative risk of a disease. Relative risk, the ratio of the 
incidence of a disease among oral contraceptive users to that among non-users, can- 
not be assessed directly from case control studies, but the odds ratio obtained is a 
measure of relative risk. The relative risk does not provide information on the actual 
clinical occurrence of a disease. Cohort studies provide not only a measure of the rela- 
tive risk but a measure of attributable risk, which is the difference in the incidence of 
disease between oral contraceptive users and non-users. The attributable risk does 
provide information about the actual occurrence of a disease in the population. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS 


a. Myocardial infarction 

An increased risk of myocardial infarction has been attributed to oral contraceptive 
use. This risk is primarily in smokers or women with other underlying risk factors for 
coronary reg kagara such as hypertension, hypercholesterolemia, morbid obesity 
and diabetes. The relative risk of heart attack for current oral contraceptive users has 
been estimated to be 2 to 6. The riskis very low under the age of 30. However, there is 
the possibility of a risk of cardiovascular disease even in very young women who take 
oral contraceptives. 


Smoking in combination with oral contraceptive use has been shown to contribute 
substantially tu the incidence of myocardial infarctions in women 35 or older, with 
smoking accounting for the majority of excess Cases. 


Mortality rates associated with circulatory disease have been shown to increase sub- 
stantially in smokers over the age of 35 and non-smokers over the age of 40 among 
women who use oral contraceptives. 


Oral contraceptives may compound the effects of well-known risk factors for coronary 

artery disease, such as hypertension, diabetes, hyperlipidemias, hypercholesterole- 
mia, age and obesity. In particular, some progestogens are known to decrease HDL 

cholesterol and impair oral glucose tolerance, while estrogens may create a state of 

hyperinsulinism. Oral contraceptives have been shown to increase blood pressure 

among users (see WARNINGS, section 9). Similar effects on risk factors have been 

associated with an increased risk of heart disease. Oral contraceptives must be used 

with caution in women with cardiovascular disease risk factors. 


b. Thromboembolism 


An increased risk of thromboembolic and thrombotic disease associated with the use 

of oral contraceptives is well established. Case control studies have found the relative 

risk of users compared to non-users to be 3 for the first episode of superficial venous 

thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 

women with predisposing conditions for venous thromboembolic disease. One cohort 

study has shown the relative risk to be somewhat lower, about 3 for new cases (sub- 
jects with no past history of venous thrombosis or varicose veins) and about 4.5 for 

new cases requiring hospitalization. The risk of thromboembolic disease due to oral 

contraceptives is not related to length of use and disappears after pill use is stopped. 
A2-to6-fold increase in relative risk of post-operative thromboembolic complications 

has been reported with the use of oral contraceptives. If feasible, oral contraceptives 

should be discontinued at least 4 weeks prior to and for 2 weeks after elective surgery 

and during and following prolonged immobilization. Since the immediate postpartum 

period also is associated with an increased risk of thromboembolism, oral contracep- 
tives should be started no earlier than 4 to 6 weeks after delivery in women who elect 

not to breast feed. 


c. Cerebrovascular diseases 


An increase in both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes) has been shown in users of oral contraceptives. 
in general, the riskis greatest among older (>35 years), hypertensive women who also 
smoke. Hypertension was found to be a risk factor for both users and non-users for 
both types of strokes while smoking interacted to increase the risk for hemorrhagic 
strokes. 


in alarge study, the relative risk of thrombotic strokes has been shown to range from 3 
for normotensive users to 14 for users with severe hypertension. The relative risk of 
hemorrhagic stroke is reported to be 1.2 for non-smokers who used oral contracep- 
tives, 2.6 for smokers who did not use oral contraceptives, 7.6 for smokers who used 
oral contraceptives, 1.8 for normotensive users and 257 for users with severe hyper- 
tension. The attributable risk also is greater in women 35 or older and among smokers. 


d. Dose-related risk of vascular disease from oral contraceptives 


A positive association has been observed between the amount of estrogen and pro- 
gestogen in oral hey and the risk of vascular disease. A decline in serum 
high density lipoproteins (HDL) has been reported with some progestational agents. A 
decline in serum high density li roteins has been associated with an increased inci- 
dence of ischemic heart disease. Because estrogens increase HDL cholesterol, the net 
effect of an oral escapees depends on a balance achieved between doses of estro- 
gen and progest the nature and absolute amount of progestogens used in the 
contraceptives. The amount of both hormones should be considered in the choice of 
an oral contraceptive. 

Minimizing exposure to pagn and progestogen is in keeping with good principles of 
therapeutics. For any particu estrogen/progestogen combination, the dosage regi- 
men prescribed should be one which contains the amount of estrogen id oo 
gestogen that is compatible with a low failure rate and the needs of the indivi ual 
patient. New acceptors of oral contraceptive agents should be started on preparations 
ache the lowest estrogen content that produces satisfactory results for the 
indivi f 


Great Britain, the risk of developi 
years after discontinuation of contraceptives, although 

small. Subarachnoid hemorrhage also has a significantly increased relative risk after 
termination of use of oral contraceptives. However, these studies were performed with 
oral contraceptive formulations containing 0.05 mg or higher of estrogen. 


2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 


One study gathered data from a variety of sources which have estimated the mortality 
rates associated with different methods of contraception at different ages. These esti- 
mates include the combined risk of death associated with contraceptive methods plus 
the risk attributable to pregnancy in the event of method failure. Each method of con- 
concluded that with the excep- 

and 40 and older who do not 


reported in the U.S. until 1983. However, current clinical practice involves the use of 
lower estrogen dose formulations combined with careful restriction of oral contracep- 
tive use to women who do not have the various risk factors listed in this labeling. 
Because of these changes in practice and, also, because of some limited new data 
which suggest that the risk of cardiovascular disease with the use of oral con 

tives ore tine be less than previously 
Dru prt bas was asked to review the topic in 1989. The Committee con- 
cl that gh cardiovascular disease risks may be increased with oral contra- 
ceptive use after age 40 in healthy non- ing women (even with the newer low-dose 
formulations), there are greater potential risks associated with pregnancy in 
older women and with the alternative surgical and medical procedures which may be 
necessary if such women do not have access to effective and acceptable means of 
contraception. 


Therefore, the Committee recommended that the benefits of oral contraceptive use by 
healthy non-smoking women over 40 may outweigh the possible risks. Of course, older 
women, as all women who take oral contraceptives, should take the lowest possible 
dose formulation that is effective. 


3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 


Numerous epidemiological studies have been performed on the incidence of breast, 
endometrial, ovarian and cervical cancer in women using oral contraceptives. The evi- 
dence in the literature suggests that use of oral contraceptives is not associated with 

an increase in the risk of developing breast cancer, regardless of the age and pari of 

first use or with most of the marketed brands and doses. The Cancer and Steroid Hor- 
mone study also showed no latent effect on the risk of breast cancer for at least a dec- 
ade following long-term use. A few studies have shown a slightly increased relative risk 

of developing breast cancer, although the of these studies, which 

included differences in examination of users and non-users and differences in age at 

start of use, has been questioned. Some studies have reported an increased relative 

risk of developing breast cancer, particularly at a younger age. This increased relative 

risk appears to be related to duration of use. 

Some studies suggest that oral contraceptive use has been associated with an 

increase in the risk of cervical intraepithelial neoplasia in some populations of women. 
However, there continues to be controversy about the extent to which such findings 

may be due to differences in sexual behavior and other factors. 


in spite of many studies of the relationship between oral contraceptive use and breast 
or cervical cancers, a cause and effect relationship has not been established. 

4. HEPATIC NEOPLASIA 

Benign hepatic adenomas are associated with oral contraceptive use although the inci- 
dence of benign tumors is rare in the United States. Indirect calculations have esti- 
mated the attributable risk to be in the range of 3.3 cases per 100,000 for users, a risk 
that increases after 4 or more years of use. Rupture of rare, benign, hepatic adenomas 
may cause death through intra-abdominal hemorrhage. 

Studies in the United States and Britain have shown an increased risk of developing 
hepatocellular carcinoma in long-term (>8 ) oral contraceptive users. However, 
these cancers are extremely rare in the United States and the attributable risk (the 
excess incidence) of liver cancers in oral contraceptive users is less than 1 per 
1,000,000 users. 

5. OCULAR LESIONS 

There have been clinical case reports of retinal thrombosis associated with the use of 
oral contraceptives. Oral contraceptives should be discontinued if there is unexplained 
partial or complete loss of vision; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Appropriate diagnostic and therapeutic measures should be under- 
taken immediately. 

6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 
Extensive epidemiological studies have revealed no increased risk of birth defects in 
women who have used oral contraceptives prior to pregnancy. More recent studies do 
not suggest a teratogenic effect, particularly insofar as cardiac anomalies and limb 
reduction defects are concerned, when taken inadvertently during early pregnancy. 
The administration of oral contraceptives to induce withdrawal bleeding should not be 
used asa test for pregnancy. Oral contraceptives should not be used during pregnancy 
to treat threatened or habitual abortion. 

It is recommended that for any patient who has missed 2 consecutive periods, preg- 
nancy should be ruled out before continuing oral contraceptive use. If the patient has 
not adhered to the prescribed schedule, the possibility of pregnancy should be consid- 


ered at the time of the first missed period. Oral contraceptive use id be discontin- 
ued if pregnancy is confirmed. 

7. GALLBLADDER DISEASE 

Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in 
users of oral cont tives and estrogens. More recent studies, r, have shown 


that the relative risk aa e gallbladder disease among oral contraceptive users 
may be minimal. The recent findings of minimal risk may be related to the use of oral 
contraceptive formulations containing lower hormonal doses of estrogens and 
progestogens. 

8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 

Oral contraceptives have been shown to impair oral glucose tolerance. Oral con 
tives containing greater than 0.075 mg of estrogen cause glucose intolerance 
impaired insulin secretion, while lower doses of estrogen may produce less glucose 
intolerance. increase insulin secretion and create insulin resistance, this 
effect varying with different progestational agents. However, in the non-diabetic 
woman, oral contraceptives appear to have no effect on fasting blood glucose. 
Because of these demonstrated effects, prediabetic and diabetic women should be 
carefully observed while taking oral contraceptives. 


Some women may pie Dp hypertriglyceridemia while on the pill. As dis- 
cussed earlier (see WARNINGS, sections 1a. and 1d.), changes in serum triglycerides 

and lipoprotein levels have been reported in oral contraceptive users. 

9. ELEVATED BLOOD PRESSURE 

An increase in blood pressure has been reported in women taking oral contraceptives. 
The incidence of risk also was reported to increase with continued use and among 

older women, Data from the Royal College of General Practitioners and subsequent 

randomized trials have shown that the incidence of hypertension increases with 

increasing concentrations of progestogens. 

Women with a history of hypertension or hypertension-related diseases or renal dis- 
ease should be encouraged to use another method of conerecene a If women elect to 

use oral contraceptives, they should be monitored Lowey & if significant elevation 

of blood occurs oral contraceptives should discontinued. For most 

women, ted blood pressure will return to normal after stopping oral contracep- 
tives and there is no difference in the occurrence of hypertension among ever- and 

never-users. 


10. HEADACHE 


The onset or exacerbation of migraine or development of headache with anew pattern 
which is recurrent, persistent or severe requires discontinuation of oral contracep- 
tives and evaluation of the cause. 


11. BLEEDING IRREGULARITIES 


Breakthrough bleeding and spotting are sometimes encountered in patients on oral 
contraceptives, especially during t first 3 months of use. Non-hormonal causes 
should be considered and adequate diagnostic measures taken to rule out malignancy 


or pregnancy in the event of breakthrough bleeding, as in the case of any abnormal vag- 


inal nyse Sy pa has been excluded, time or a change to another formulation 
may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. 


Some women may encounter post-pill amenorrhea or oligomenorrhea, especially 
when such a condition was pre-existent. 


PRECAUTIONS 
1. PHYSICAL EXAMINATION AND FOLLOW-UP 
A complete medical histo and physical examination should be taken prior to the initi- 
ation or reinstitution of or contraceptives and at least annually during use of oral con- 
traceptives. These cal examinations should incl special reference to blood 


2. LIPID DISORDERS 

Women who are being treated for hyperlipidemias should be followed closely if they 
elect to use oral contraceptives. Some progestogens may elevate LDL levels and may 
render the control of hyperlipidemias more difficult. 


3. LIVER FUNCTION 

ifjaunaice develops in any woman receiving oral contraceptives the medication should 
be discontinued Steroid hormones may be poorly metabolized in patients with 
impaired liver function. 

4. FLUID RETENTION 

Oral contraceptives may cause some of fluid retention. They should be pre- 
scribed with caution, and only with care monitoring, in patients with conditions 
which might be aggravated by fluid retention. 

5. EMOTIONAL DISORDERS 

Women with a history of depression should be carefully observed and the drug discon- 
tinued if depression recurs to a serious degree. 

6. CONTACT LENSES 


Contact lens wearers who develop visual changes or changes in lens tolerance should 
be assessed by an ophthalmologist. 


7. DRUG INTERACTIONS 

Reduced efficacy and increased incidence of breakthrough bleeding and menstrual 
irregularities have been associated with concomitant use of rifampin. A similar associ- 
ation though less marked, has been ith barbiturates, 3 


suggested with 
phenytoin sodium, and possibly with griseofulvin, ampicillin and t nes. 
8. INTERACTIONS WITH LABORATORY TESTS 
Certain endocrine and liver function tests and blood components may be affected by 
oral contraceptives: 
a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; 
increased norepinephrine-induced platelet aggregability. 
b. Increased thyroid wen apc (TBG) leading to increased circulating total thy- 
roid hormone, as measured by protein-bound iodine (PBI), T4 by column or by radioim- 
munoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG. Free T4 
concentration is unaltered. 
c. Other binding proteins may be elevated in serum. 
d. Sex steroid binding ins are increased and result in elevated levels of total circu- 
lating sex steroids corticoids; however, free or biologically active levels remain 


e. Triglycerides may be increased. 

t. Glucose tolerance may be decreased. 

g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of 
clinical significance if a woman becomes pregnant shortly after discontinuing oral 
contraceptives. 

9. CARCINOGENESIS 

See WARNINGS section. 

10. PREGNANCY 

Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 

11. NURSING MOTHERS 


be advised not to use 


INFORMATION FOR THE PATIENT 

See PATIENT LABELING. 
ADVERSE REACTIONS 

An increased risk of the following serious adverse reactions has been associated with 
the use of oral contraceptives (see WARNINGS section): Thrombophiebitis « Arterial 
thromboembolism + Pulmonary embolism * infarction -+ Cerebral hemor- 
rhage « Cerebral thrombosis « Hypertension + Gallbladder disease « Hepatic adenomas, 
carcinomas or benign liver tumors 
There is evidence of an association between the following conditions and the use of 
oral contraceptives, although additional confirmatory studies are needed: Mesen- 
teric thrombosis « Retinal thrombosis 
The followin adverse reactions have been reported in patients receiving oral contra- 
ceptives are believed to be drug-related: Nausea * Vomiting + Gastrointestinal 
symptoms (such as abdominal cramps and bloating) * Breakthrough bleeding + Spot- 
ting + Change in menstrua’ flow « Amenorrhea + infertility after discontinua- 


Cholestatic jaundice + Migraine + Rash allergic) + Mental . toler 
ance to carbohydrates + Vaginal idi roic) ange in corneal curvature (steepen- 


ing) « Intolerance to contact lenses 
The following adverse reactions have been reported in users of oral contraceptives and 
the association has been neither confirmed nor refuted: Pre-menstrual syndrome + 
Cataracts + Changes in + Cystitis-like syndrome + Headache + Nervousness * 
Dizziness « Hirsutism « Loss of scalp hair « Erythema multiforme « Erythema nodosum 
+ Hemorrhagic eruption * Vaginitis + Porphyria + Impaired renal function * Hemolytic 
uremic sy rome « Budd-Chiari syndrome * Acne + Changes in libido + Colitis 
OVERDOSAGE 

Serious ill effects have not been reported following acute ingestion of large doses of 
oral contraceptives by young children. Overdosage may cause nausea, and withdrawal 
bleeding may occur in females. 

NON-CONTRACEPTIVE HEALTH BENEFITS 
The following non-contraceptive health benefits related to the use of oral contracep- 
tives are supported by epidemiological studies which utilized oral contracep- 
tive formulations doses exceeding mg of ethinyl estradiol or 
0.05 mg of mestranol. 
Effects on menses: * Increased menstrual cycle oo gl M Decreased blood loss 
and decreased incidence of iron deficiency anemia + creased incidence of 
dysmenorrhea 
Effects related to inhibition of ovulation: . Decreased incidence of functional ovarian 
cysts + Decreased incidence of ectopic pregnancies 


Effects from long-term use: * Decreased incidence of fibroadenomas and fibrocystic 
disease of the breast + Decreased incidence of acute pelvic inflammatory . 
Decreased incidence of endometrial cancer + Decreased incidence of ovarian cancer 
© 1990 Syntex Laboratories, Inc. Rev. May 1990 
814-H2-170-90 
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CLINICAL SECTION 
E Clinical Opinion 
Human oocyte and preembryo donation: An evolving method for the 1421 


treatment of infertility 
Mark V. Sauer, MD, and Richard J. Paulson, MD 


Los Angeles, California 


This article reviews the evolution of the technology currently used in preembryo donation and 
discusses future roles for ovum donation in the assisted reproductive technologies. 


Does obstetric ethics have any role in the obstetrician’s response to the 1425 
abortion controversy? 


Frank A. Chervenak, MD, and Laurence B. McCullough, PhD 
New York, New York, and Houston, Texas 


The obstetrician’s response to the abortion controversy is ethically analyzed on the basis of 
responses to the question, “When is the fetus a patient?” and the distinction between 
professional and private conscience. 


W Clinical Articles 


Interleukin-16, human leukocyte antigen HLA-DRa, and transforming 1430 
growth factor-8 expression in endometrium, placenta, and placental 
membranes 


Scott Kauma, MD, Dennis Matt, PhD, Stephen Strom, PhD, David Eierman, PhD, and Thomas Turner, BS 
Richmond, Virginia 


Interleukin-18, human leukocyte antigen HLA-DRa, and transforming growth factor-8 are 
expressed at the maternal-fetal interface during pregnancy and may regulate the maternal 
immune response to the fetal semiallograft. 
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Continuation...an excellent indicator of patient satisfaction. 


The Ortho ALL-FLEX* 
Arcing Spring Diaphragm 


o Easy to insert and position 
o Easy to clean and maintain 


o Easy to use with unscented, colorless, stainless 
GY NOL II* (2% nonoxynol-9) Contraceptive Jelly 


0 The combination for continuation—with 4 out 
of 5 patients continuing after 1 year" 


Continuation...it'S one reason why physicians continue 
to make ORTHO ALLFLEX and GYNOL II the #1 
prescribed diaphragm combination in America} 


rtho ALL-FLEX" 


Arcing Spring 


DIAPHRAGM 
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ALL-FLEX 


ARCING SPRING DIAPHRAGM 


UNSCENTED 
GYNOL J ss 
at, mA STAINLESS 


m- 
CONTRACEPTIVE JELLY FOR USE WITH DIAPHRAGM 


tNumber of patients continuing the method for ; 
12 consecutive months; data on file, Ortho Pharmaceutical Corporation. 


Data on file, Ortho Pharmaceutical Corporation. ORTHO PHARMACEUTICAL CORPORATION 


Consult the patient brochure for information on Raritan, New Jersey 08869-0602 
toxic shock syndrome (TSS) and wearing time. © OPC 1989 *Trademark OJ-319 
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Prevalence and determinants of estrogen replacement therapy in elderly 1438 
women 


Jane A. Cauley, DrPH, Steven R. Cummings, MD, Dennis M. Black, PhD, Stephen R. Mascioli, MD, and 
Dana G. Seeley, MS 
Pittsburgh, Pennsylvania, San Francisco, California, and Minneapolis, Minnesota 


Only a small proportion of elderly women in the United States use estrogen replacement 
therapy; selection factors for use of estrogen are evident and may introduce bias in studies of 
estrogen and disease. 


Immunocytochemical distribution and localization of 1445 
15-hydroxyprostaglandin dehydrogenase in human fetal membranes, 
decidua, and placenta 


Paul Y. C. Cheung, BSc, John C. Walton, MD, Hsin-Hsiung Tai, PhD, Simon C. Riley, PhD, and 
John R. G. Challis, PhD, DSc 
London, Ontario, Canada, and Lexington, Kentucky 


At term, immunoreactive prostaglandin dehydrogenase is localized to trophoblast cells in the 
human chorion-decidua and to intermediate and syncytiotrophoblast cells in placenta, but the 
distribution of this immunoreactivity does not change with labor. 


The effect of physical activity during pregnancy on preterm delivery and 1450 
birth weight 


Mark A. Klebanoff, MD, MPH, Patricia H. Shiono, PhD, and J. Christopher Carey, MD 
Bethesda, Maryland, Los Altos, California, and Oklahoma City, Oklahoma 


Reported physical activity was minimally associated with either preterm delivery or 
gestational age—adjusted birth weight in a prospective cohort of 7101 women. 
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Prenatal diagnosis of laryngeal atresia 1456 
William J. Watson, MD, John M. Thorp, Jr., MD, Richard C. Miller, MD, Nancy C. Chescheir, MD, 

Vern L. Katz, MD, and John W. Seeds, MD 

Chapel Hill, North Carolina 


Ultrasonographic findings in a fetus with laryngeal atresia included enlarged echogenic lungs, 
compressed heart, and hydrops with ascites and scalp edema. 


Correlations between antepartum maternal metabolism and newborn 1458 
behavior 

Thomas Rizzo. PhD, Norbert Freinkel, MD, Boyd E. Metzger, MD, Roger Hatcher, PhD, 

William J. Burns, PhD, and Peter Barglow, MD 

Chicago, Illinois 


Poorer antepartum maternal glucoregulation correlated with poorer ratings in three of four 
dimensions of neonatal neurobehavioral status in pregnancies complicated with diabetes 


mellitus. 


Antenatal microbiologic and maternal risk factors associated with 1465 
prematurity 

James A. McGregor, MDCM, Janice I. French, CNM., MS, Ruth Richter, CNM, MSN, 

Amalia Franco-Buff, MS. Anne Johnson, MS, Sharon Hillier, PhD, Franklyn N. Judson, MD, and 

James K. Todd, MD 

Denver, Colorado, and Seattle, Washington 


Presence of bacterial vaginosis, vaginal Mycoplasma hominis, and prior preterm birth was 
associated with preterm labor in a prospective study of 202 pregnant women. 


The relationship between plasma estradiol and the increase in bone 1474 
density in postmenopausal women after treatment with subcutaneous 

hormone implants 

J. Studd, M. Savvas, N. Waston, T. Garnett, I. Fogelman, and D. Cooper 


London, England 


A significant increase in bone density was seen in postmenopausal women receiving 
subcutaneous estradiol and testosterone that correlated with the serum estradiol level. 


Fetal eye movement assessed with real-time ultrasonography: Are there 1480 
rapid and slow eye movements? 

Naoki Horimoto, MD, Takashi Koyanagi, MD, Shoji Satoh, MD, Toshiyuki Yoshizato, MD, and 

Hitoo Nakano, MD 

Fukuoka, Japan 


Rapid and slow eye movements were evident during the eye movement period in the human 
fetus at 33 weeks’ gestation and afterward. 
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Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin’? 


less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin”: 


single-dose prophylaxis/ 
twice-daily treatment 





Count on 


CEFOTAN... 


(cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, Briceland LL, Cooper B. The 
conversion of cefoxitin usage to cefotetan: an interdisciplinary approach. Am J Surg. 1988; 
155(5A):101-102. 2. Sochalski A, Sullman S, Andriole VT. Cost-effectiveness study of 
cefotetan versus cefoxitin and cefotetan versus combination antibiotic regimens. Am J Surg. 
1988/155(SA):96-101. 3. CEFOTAN® (cefotetan disodium) full prescribing information issued 
March 1986. 4. Physicians’ Desk Reference. ed 43. Oradell, NJ: Medical Economics Co; 1989 
Mefoxin® (cefoxitin sodium, MSD), pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH 
Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. /nfect 
Surg. April 1986 (suppl), pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, Outman WR. 
Deckers PJ, Martens MG. Comparative pharmacokinetics of cefotetan and cefoxitin in patients 
undergoing hysterectomies and colorectal operations. Am J Surg. 1988;155(5A):67-70 

7. Centers for Disease Control. 1989 Sexually Transmitted Diseases Treatment Guidelines. 
MMWR. 1989;38(supp! S-8):1-43. 
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For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN?® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
lococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureus” (including penicillinase- and nonpenicil- 
linase-producing strains), lococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus sper 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.” 
*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
ig oy be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery and gastrointestinal Surgery. 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATI 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had = nsitivity reactions to cefotetan disodium, a pase 
penicillins, or other dru is product should be given cautiously to penicil in-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to c N occurs, discontinue the drug. 
Serious acute hypersen 


reactions may require p ep egirp and other emergency measures. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. aon. Toh and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur ete | therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 
ee 
INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
raana y flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, k is a that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and pomy in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 0 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, ate | at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant fogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 

ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 

pregnant women. Because animal reproductive studies are not always predictive of human response, 

this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 

tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 

nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
eo reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in : 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
eee 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





e relevance of these 


Type of Infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 
*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 

When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: a E E ES ETN 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 k dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a ‘olde bulk package of 10 9 in 100 mL vials. The vials should not be stored at 

ri 


temperatures above 22°C and should be protected from light. 

1 Q in 10 mL vial (NDC ies pa 2 gin 20 mL via ag 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
Manufactured for 

STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 
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Continuous or interrupted fascial closure: A prospective evaluation of No. 1485 
1 Maxon suture in 402 gynecologic procedures 

James W. Orr, Jr., MD, Pamela F. Orr, RN, Jeffrey M. Barrett, MD, John R. Ellington, Jr., MD, 

Ralph H. Jennings, Jr., MD, Keith B. Paredes, MD, Bruce Patsner, MD, and Dale L. Taylor, MD 

Lakeland, Florida 


There was no clinical or statistical difference in acute or long-term wound complications when 
continuous and interrupted abdominal fascial closures were compared. 


Endometrioma of the liver 1490 
Vittorio Rovati, MD, Edoardo Faleschini, MD, Paolo Vercellini, MD, Giovanni Nervetti, MD, 

Giorgio Tagliabue, MD, and Guido Benzi, MD 

Milan, Italy 


A patient with associated endometrioma of the liver and left ovary is described. 


Antinuclear antibodies in sera of patients with recurrent pregnancy 1493 
wastage 

Ling Xu, MD, Victoria Chang, BS, Ana Murphy, MD, John A. Rock, MD, Marian Damewood, MD, 

William Schlaff, MD, and Howard A. Zacur, MD, PhD 

Baltimore, Maryland 


Women who experience explained or unexplained repeated pregnancy losses have comparable 
rates of antinuclear antibody—positive sera exceeding those of pregnant and nonpregnant 
women. 


Corpus luteum function in early pregnancies is primarily determined by 1497 
the rate of change of human chorionic gonadotropin levels 


Paul G. Kratzer, MD, PhD, and Robert N. Taylor, MD, PhD 
San Francisco, California 


Human corpus luteum activity was correlated with the rate of change of human chorionic 
gonadotropin and did not appear to be correlated with any other serum factors. 


Hemoperitoneum as a result of coital injury without associated vaginal 1503 
injury 

Sterling W. McColgin, MD, Lisa M. Williams, MD, Timothy L. Sorrells, MD, and John C. Morrison, MD 
Travis Air Force Base, California, and Jackson, Mississippi 


Five cases of hemoperitoneum associated with coital injury but without associated vaginal 
injury are presented and discussed. 


Postmortem chorionic villus sampling is a better method for cytogenetic 1505 
evaluation of early fetal loss than culture of abortus material 


Mark Paul Johnson, MD, Arie Drugan, MD, Frederick C. Koppitch III, MS, 
Wendy R. Uhlmann, MS, and Mark I. Evans, MD 
Detroit, Michigan 


Postmortem chorionic villus sampling is a safe, rapid, and reliable technique for the 
karyotypic evaluation of early pregnancy loss. 


(Contents continued on page 11A) 
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THE PERMANENTE MEDICAL GROUP 





QUALITY 


STABILITY 
LEADERSHIP 
GROWTH 
SUPPORT 


REWARDS 


® Me 
NZI 
KAISER PERMANENTE 
Good People. Good Medicine. 


NORTHERN CALIFORNIA 


The Permanente Medical Group, the largest multispecialty group 
practice in the U.S., is undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, Sacramento and the 
Central Valley. Our rapid increase in membership has created 
practice opportunities throughout the region for additional BC/BE 


Obstetricians and Gynecologists. 


Our physician-managed group is part of the comprehensive Kaiser 
Permanente Medical Care Program. As a TPMG physician, you have 
access to the latest medical technology and resources, the support of 
colleagues in all subspecialties — and the opportunity to provide 
excellent health care without the burdens of managing a practice. 


Join us in one of these facilities: 


Santa Rosa — Opening new hospital 
featuring seven LDR’s. Ten OB/GYN 
physicians and five nurse practitioners. 
Specialties include infertility, colposcopy, 
laser surgery and hysteroscopy. Call 
required once every nine nights. In 
Northern California’s wine country, one 
hour north of San Francisco. 


Santa Clara/Milpitas/Sunnyvale — 

28 member department includes 3 peri- 
natologists, GYN oncologist and repro- 
ductive endocrinologist. Ongoing clinical 
research. Our academic-oriented facility 
has an independent fully-accredited OB/ 
GYN residency and serves as a core 
rotation for Stanford Medical Students. 
Academic appointments possible. 


San Jose/Gilroy — Our 18 OB/GYN 
physicians average 3,000 deliveries per 
year and offer a full range of services 
including infertility, dysplasia and gyn- 
urology. On call approximately three 
nights per month. In-house Level II 
nursery; prenatal service shared with our 
nearby Santa Clara medical center. 


Satellite office in Gilroy. Located south of 


San Francisco and about one hour from 


the Monterey coast. The surrounding hills 
create a pleasant environment in which to 


live and work. 


Hayward/Fremont — Full range 

of OB/GYN services with Level III 
L&D/ICN, 3000 deliveries yearly. Full 
time staff includes perinatologist and 
four neonatologists. Medical center and 
associated medical office located on east 
shore of San Francisco Bay with easy 
access to entire Bay Area. 


Walnut Creek — Department of 15 
physicians, a perinatologist and seven 
nurse practitioners. Two physicians on 
call daily. Teaching responsibilities for 
third year residents affiliated with the 
University of California at San Francisco. 
Clinical appointments at UCSF also 
available. Expansion plans include a 
large ICN, and within five years, a 
completely new hospital. 


Martinez/Antioch — Southern California 
climate, Northern California charm, Bay 
Area location. Primarily in/outpatient 
GYN, outpatient OB. Seven physicians and 
four nurse practitioners in office and 
hospital practice. Deliver at the Walnut 
Creek Medical Center. High-risk preg- 
nancy clinic at Martinez. Labor room call 
once or twice a month. 


Vallejo/Fairfield/ Napa — Seventeen 
physicians and four nurse practitioners at 
these facilities. Approximately 2,900 deliv- 
eries performed each year at the Vallejo 
medical center. Usual call is every eighth 
night. Affiliated with David Grant Medical 
Center residency program at Travis Air 
Force Base. Our area offers diverse lifestyle 
options, with both recreational and cultural 
attractions nearby. 


San Rafael/Petaluma — OB/GYN services 
are available at both the San Rafael Medical 
Center and the new Petaluma medical offices, 
which opened in January of 1989. 


South Sacramento — Eight physicians 
and four nurse practitioners serve 104,000 
members in fast-growing Central Valley 
area. Planning new family-oriented 

L&D facilities. 


TPMG offers many benefits: scheduled time off with cross-coverage provided by your 
colleagues, continuing education, malpractice insurance, a substantial retirement 
program and special arrangements for physicians transferring from established practice. 
For complete information, call or send CV to: The Permanente Medical Group, Inc., 
Richmond Prescott, M.D., Physician Recruitment Services, Dept. AJOG-8346, 

1814 Franklin, 4th Floor, Oakland, CA 94612. (800) 777-4912. EOE 
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Detection of congenital toxoplasmosis by chorionic villus sampling and 1511 
early amniocentesis 


Walter Foulon, MD, Anne Naessens, MD, Luc de Catte, MD, and Jean-Jacques Amy, MD 
Brussels, Belgium 


A case of early and rapid prenatal diagnosis of congenital toxoplasmosis by chorionic villus 
sampling and amniocentesis is described. 


The ‘‘stuck twin” phenomenon: Ultrasonographic findings, pregnancy 1513 
outcome, and management with serial amniocenteses 


Barry S. Mahony, MD, Charles N. Petty, MD, David A. Nyberg, MD, David A. Luthy, MD, 
Durlin E. Hickok, MD, and Jack H. Hirsch, MD 
Seattle, Washington 


Serial amniocenteses may significantly improve the survival rate of twin gestations affected by 
the “stuck twin” phenomenon but may be associated with complications among survivors. 


Twin-twin transfusion syndrome 1522 
Michael A. Urig, MD, William H. Clewell, MD, and John P. Elliott, MD 
Phoenix, Arizona 


Twin-twin transfusion syndrome associated with acute polyhydramnios in one sac and 
oligohydramnios in the other is associated with nearly 100% mortality for both fetuses; 
aggressive amniocentesis appears to offer considerable hope for improved outcome. 


Pregnancy in a patient with treated Wilson’s disease: A case report 1527 
Patrick Dupont, MD, Olivier Irion, MD, and François Béguin, MD 
Geneva, Switzerland 


Evaluation of the patient’s condition before conception and adequate chelating treatment 
throughout gestation should permit a successful pregnancy in a patient with Wilson’s disease. 


Nature of gonadotropin-releasing hormone self-priming of luteinizing 1529 
hormone secretion during the normal menstrual cycle 


Michael J. Sollenberger, MD, Elisabeth C. Carlsen, MD, Robert A. Booth, Jr., MS, Michael L. Johnson, PhD, 
Johannes D. Veldhuis, MD, and William S. Evans, MD 
Charlottesville, Virginia 


Gonadotropin-releasing hormone induces self-priming of luteinizing hormone release by 
amplifying the mass and rate of luteinizing hormone secretion, both of which are predicted by 
serum estradiol levels. 


The perinatal impact of cocaine, amphetamine and opiate use detected 1535 
by universal intrapartum screening 


Katherine M. Gillogley, MD, Arthur T. Evans, MD, Robin L. Hansen, MD, Steven J. Samuels, PhD, and 
K.K. Batra, PhD 
Sacramento, California 


In a universally screened obstetric population, 299 women were identified as using cocaine, 
amphetamines, or opiates; confounding demographic factors and perinatal outcome are 
analyzed. 


(Contents continued on page 12A) 
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Prenatal diagnosis of fetal intracranial calcifications 1543 
Yasutsugu Koga, MD, Masahiko Mizumoto, MD, Yoshinori Matsumoto, MD, Tetsuo Hattori, MD, 

Shinichi Tanaka, MD, Toshinobu Tanaka, MD, and Seiichiro Fujimoto, MD 

Sapporo, Japan 


Fetal intracranial calcifications in a case of intrauterine cytomegalovirus infection were clearly 
visible by cranial computed tomography and magnetic resonance imaging of the fetus. 


Inhibition of aromatase activity by 8-bromo-cyclic adenosine 1546 
monophosphate in cultured first-trimester human trophoblast 


Marie R. Rodway, MSc, Basil Ho Yuen, MB, and Peter C. K. Leung, PhD 
Vancouver, British Columbia, Canada 


Production of estradiol from androstenedione and testosterone in cultured first-trimester 
human trophoblast was decreased by treatment with 2 mmol/L 8-bromo-cyclic adenosine 
monophosphate. 


A reappraisal of the need for autologous blood donation in the obstetric 1551 
patient 
Robert L. Andres, MD, Kathleen M. Piacquadio, MD, and Robert Resnik, MD 


San Diego, California 


Autologous donation of blood by the obstetric patient may not be beneficial or cost effective. 


The Maylard incision in gynecologic surgery 1554 
B. Frederick Helmkamp, MD, and Hans-B. Krebs, MD 
Falls Church, Virginia 


A prospective study of the transverse muscle-splitting Maylard incision used in 175 
gynecologic patients is presented, and the technique is described in detail. 


Ultrasonographic diagnosis of a large placental intervillous thrombosis 1558 
associated with elevated maternal serum a-fetoprotein level 


Eric Jauniaux, MD, Donald Gibb, MD, Gonzalo Moscoso, MD, and Stuart Campbell, FRCOG 
London, England 


The ultrasonographic features of a developing placental intervillous thrombosis associated 
with elevated maternal serum a-fetoprotein levels are described. 


Direct ultrasonographic measurement of fetal lung length in normal 1560 
pregnancies and pregnancies complicated by prolonged rupture of 

membranes 

Alistair B. Roberts, MD, and Jennifer M. Mitchell, DMU 


Auckland, New Zealand 


Ultrasonographic measurements of fetal lung length were found to be a good predictor of 
pulmonary hypoplasia in patients wth prolonged rupture of membranes. 
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They didnt give up medicine. They just started practicing it in a more 
exhilarating environment. 

An environment that affords them many tangible benefits. Like a diverse practice, 
unlimited access to medical specialities, and financial security. Plus a lot of 
Intangibles, Like a comfortable lifestyle, an opportunity for worldwide experiences 
and the respect that goes along with being an Air Force officer 

Of course, fo enter an environment this rewarding, they did have to give up a few 
things. Like rent, equipment expenses, malpractice insurance, payrolls and 
utility bills, 

Now, you may be intrigued by such a unique opportunity. But like any 4 
good medical professional, you'd probably like a complete case history. PA 
So call 1-800-423-USAF Or send your curriculum vitae to Colonel William d 
E. Patterson, United States Air Force/RSH, Randolph Wf? 
Air Force Base, Texas 78150-5421. AIM HIGH. f 
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Color flow Doppler—A useful instrument in the diagnosis of vasa previa 1566 
James A. Harding, MD, David F. Lewis, MD, Carol A. Major, MD, Michael Crade, MD, 

Jagdish Patel, MD, and Michael P. Nageotte, MD 

Long Beach and Orange, California 


Color flow Doppler imaging was used to correctly identify vasa previa. 


Reliability of ultrasonographic formulary in the prediction of fetal weight 1568 
and survival of very-low-birth-weight infants 

Marlin D. Mills, MD, Michael P. Nageotte, MD, John P. Elliott, MD, Michael Crade, MD, and 

Wendy Dorchester, MPH 

Phoenix, Arizona, and Long Beach, California 


Antenatal ultrasonographic estimate of fetal weight >750 gm and obstetric estimate of 
gestational age =25 weeks predicts improved survival of very-low-birth-weight infants. 


Management of selected cystic adnexal masses in postmenopausal 1574 
women by operative laparoscopy: A pilot study 
William H. Parker, MD, and Jonathan S. Berek, MD 


Los Angeles, California 


Twenty-five postmenopausal women with clinically nonsuspicious cystic adnexal masses were 
screened with ultrasonography and CA 125; all had benign lesions and most of these were 
resectable by operative laparoscopy. 


Hyperadrenergic orthostatic intolerance as a result of postpartum blood 1578 
loss 
Scott L. Mader, MD, Judith A. Mackall, MD, and Martin P. Emert, MD 


Cleveland, Ohio 


This report describes orthostatic tachycardia and hypotension caused by protracted 
postpartum vaginal bleeding that required combination therapy with volume expansion and 
reduction of sympathetic nervous system activity. 


Cervicovaginal microflora and pregnancy outcome: Results of a 1580 
double-blind, placebo-controlled trial of erythromycin treatment 


James A. McGregor, MDCM, Janice I. French, CNM, MS, Ruth Richter, CNM, MSN, 

Margo Vuchetich, BSN, Vaundeen Bachus, BSN, Kyung Seo, MD, Sharon Hillier, PhD, 
Franklyn N. Judson, MD, John McFee, MD, Judith Schoonmaker, PhD, and James K. Todd, MD 
Denver, Colorado, and Seattle, Washington 


A short, defined course of erythromycin was used to examine relationships of cervicovaginal 


microflora with pregnancy outcomes and preterm birth. 


Vitamin E levels in premenstrual syndrome 1591 
C. James Chuong, MD, MPH, Earl B. Dawson, PhD, and Edward R. Smith, PhD 


Galveston, Texas 


Vitamin E deficiency in patients with premenstrual syndrome was not demonstrated in our 


study. 
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Intrauterine Listeria infection: Prenatal diagnosis by biophysical 1596 
assessment and amniocentesis 


Robert I. Liner, MD 
San Francisco, California 


Decreased fetal movement with maternal flulike illness should prompt amniocentesis; in the 
absence of contractions the cause could still be fetal sepsis as a result of Listeria. 


Pregnancy outcomes among mothers infected with human 1598 
immunodeficiency virus and uninfected control subjects 


Howard L. Minkoff, MD, Cassandra Henderson, MD, Hermann Mendez, MD, Mitchell H. Gail, MD, PhD, 
Susan Holman, RN, MS, Anne Willoughby, MD, James J. Goedett, MD, Arye Rubinstein, MD, 

Pamela Stratton, MD, Judith H. Walsh, and Sheldon H. Landesman, MD 

Brooklyn and Bronx, New York, and Bethesda, Maryland 


After controlling for confounding variables, we found that children born to 91 women who 
were human immunodeficiency virus seropositive did not have significantly different birth 
weights, gestational ages, head circumferences, or Apgar scores than those born to 126 women 
who were human immunodeficiency virus negative. 


Screening for trisomy 21 with ultrasonographic determination of 1604 
biparietal diameter/femur length ratio 


Gerald P. Marquette, MD, Marc Boucher, MD, Micheline Desrochers, RN, and Louis Dallaire, MD 
Montreal, Quebec, Canada 


Ultrasonographic determination of the biparietal diameter/femur length ratio is not a 
sensitive screening test for trisomy 21. 


Direct analysis of uncultured cytotrophoblastic cells from second- and 1606 
third-trimester placentas: An accurate and rapid method for detection of 
fetal chromosome abnormalities 


Lee P. Shulman, MD, Avirachan T. Tharapel, PhD, Carole M. Meyers, MD, Owen P. Phillips, MD, 
Joe Leigh Simpson, MD, and Sherman Elias, MD 
Memphis, Tennessee 


Direct analysis of cytotrophoblastic cells obtained from second- and third-trimester placentas 
is an accurate and rapid method for detecting fetal chromosome abnormalities. 


Perinatal mortality in Victoria, Australia: Role of group B streptococcus 1609 
John R. Fliegner, MD, and Suzanne M. Garland, MD 


Parkville and Carlton, Australia 


Group B 6-hemolytic streptococcus is responsible for >30% of perinatal deaths caused by 
infection and 1.7% of overall perinatal deaths. 


(Contents continued on page 16A) 
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Longitudinal study of the renin-angiotensin-aldosterone system in 1612 
hypertensive pregnant women: Deviations related to the development of 

superimposed preeclampsia 

Phyllis August, MD, Tomas Lenz, MD, Kathy L. Ales, MD, Maurice L. Druzin, MD, Terri G. Edersheim, MD, 
J. Milton Hutson, MD, Franco B. Miiller, MD, John H. Laragh, MD, and Jean E. Sealey, DSc 

New York, New York 


The circulating renin-angiotensin-aldosterone system, sex steroids, and renal function were 
studied in 30 pregnancies of women with chronic hypertension and compared with 58 
previously studied normotensive women followed up longitudinally throughout pregnancy. 


A comparison of sperm antibody assays 1622 
Josef Daru, MD, and Subbi Mathur, PhD 
Charleston, South Carolina 


Cytotoxicity, Immunobead-binding (immunoglobulin G), and immunofluorescence 
(immunoglobulin G) sperm antibody assays correlate with each other versus sperm from 
autoimmune infertile men. 


Extensive vulvar and vaginal varicella necessitating abdominal delivery 1630 
Cynthia K. Sites, MD, David M. Sherer, MD, David L. Gandell, MD, and James R. Woods, Jr., MD 
Rochester, New York 


A case is reported in which a patient exposed to chickenpox early in pregnancy received 
varicella-zoster immune globulin; extensive varicella that developed at term necessitated 
abdominal delivery. 


The role of fetal membranes in regulating production, transport, and 1632 
metabolism of prostaglandin E2 during labor 

John A. McCoshen, PhD, Dennis R. Hoffman, PhD, Jeremy V. Kredentser, MD, Carolina Araneda, and 

John M. Johnston, PhD 

Winnipeg, Manitoba, Canada, and Dallas, Texas 


Increased amniotic prostaglandin E) production during labor is not followed by concentration 
increases on the maternal side of the decidua because of chorion-decidual metabolism of 
prostaglandin E% during transport. 


Surgical staples in cesarean section: A randomized controlled trial 1641 
Marc G. Villeneuve, MD, Samir Khalifé, MD, Sylvie Marcoux, MD, PhD, and Pierre Blanchet, MD 
Sainte-Foy, Quebec, Canada 


In a randomized study, the use of the Auto Suture Poly CS 57 disposable surgical stapler for 
cesarean section hysterotomy reduced subjective blood loss but had no beneficial effect on 
operating time, postoperative febrile morbidity, or hospital stay. 


The associated anomalies that determine prognosis in congenital 1646 
omphaloceles 
Marisa Tucci, MD, and Harry Bard, MD 
Montreal, Quebec, Canada 


Newborns with giant omphalocele without associated anomalies of the heart, central nervous 
system, or diaphragm have a good prognosis. 
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Ultrasonographic assessment of placental abnormalities 1650 ! 
Eric Jauniaux, MD, and Stuart Campbell, FRCOG | 
London, England 


The prenatal diagnosis of placental abnormalities by ultrasonography is reviewed, and their 
pathophysiology and potential clinical implications are discussed. 


BASIC SCIENCE SECTION 


Progesterone increases cardiovascular toxicity to cocaine in 1659 
nonpregnant ewes 

Mark A. Plessinger, MS, and James R. Woods, Jr., MD 

Rochester, New York 


The hypertensive response to cocaine was increased in nonpregnant ewes given progesterone 
intramuscularly, suggesting that the hormonal environment of pregnancy increases toxicity to 
cocaine. 


Preferential mitogenic activity for myoblast-like cells can be extracted 1665 
from uterine leiomyoma tissues 
Michael Koutsilieris, MD, PhD, Josée Michaud, BSc, and Andreas Nikolis, BSc 


Quebec, Quebec, Canada 


Extracts of human leiomyoma tissues, in addition to growth substances capable of stimulating 
or inhibiting the growth of cells with the osteoblast, myoblast, and fibroblast phenotype, 
contained substance(s) with a preferential activity for myoblast-like cells. 


Platelet activating factor enhances in vitro fertilization of rabbit oocytes 1670 
William E. Roudebush, PhD, Brijinder S. Minhas, PhD, Deborah D. Ricker, MS, Thomas V. Palmer, BS, and 
Melvin G. Dodson, MD, PhD 

Johnson City, Tennessee 


Platelet activating factor treatment of rabbit spermatozoa significantly increases in vitro 
fertilization rates of cumulus-free oocytes. 


Adhesion formation after ovarian wound repair in New Zealand white 1674 
rabbits: A comparison of ovarian microsurgical closure with ovarian 

nonclosure 

Anne K. Wiskind, MD, Andrew A. Toledo, MD, A. Gatewood Dudley, MD, and Kathryn Zusmanis, BS 


Atlanta, Georgia 


Microsurgical closure of ovarian surgical defects in New Zealand white rabbits is more 
adhesiogenic than nonclosure of ovarian wounds. 


(Contents continued on page 18A) 
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Effects of danazol, gonadotropin-releasing hormone agonist, and a 1679 
combination of danazol and gonadotropin-releasing hormone agonist on 

experimental endometriosis 

Masahiro Sakata, MD, Naoki Terakawa, MD, Takahiro Mizutani, MD, Osamu Tanizawa, MD, 

Keishi Matsumoto, MD, Nobuyuki Terada, MD, and Katsuichi Sudo, PhD 


Osaka, Japan 


A combination therapy with danazol and gonadotropin-releasing hormone agonist may be a 
potential modality in the treatment of advanced endometriosis. 


Uterine artery estrogen receptors in the nonpregnant and pregnant 1685 
guinea pig 

Joseph R. Leiberman, MD, Cor C. J. van Vroonhoven, Tech., Ilse Beckmann, PhD, Theo H. van der Kwast, MD, 
and Henk C. S. Wallenburg, MD, PhD 

Beer Sheva, Israel, and Rotterdam, The Netherlands 


Estrogen receptors were found in the nuclei of cells belonging to endothelial, muscle, and 
adventitia layers of the uterine artery wall in the guinea pig. 


CONSENSUS REPORT 


National High Blood Pressure Education Program Working Group Report 1689 
on High Blood Pressure in Pregnancy 


LETTERS TO THE EDITORS 


Discrepancies in hemoglobin levels Warwick Giles, PhD, Brian Trudinger, MD, and Gavin Wilcox, BSc 
Westmead, Australia 1713 


Cytogenetic uncertainties surrounding the fragile X in Martin-Bell syndrome Veena Sindwani, PhD, and 
Ram S. Verma, PhD Brooklyn, New York 1713 


Magnesium sulfate is not an ideal anticonvulsant Robert C. Goodlin, MD Denver, Colorado 1714 
Reply Baha M. Sibai, MD Memphis, Tennessee 1715 

Parameters of hypothalamic aging David B. Seifer, MD, and Ervin E. Jones, PhD, MD New Haven, Connecticut 1715 
Reply Sam E. Alexander, MD, and Sezer Aksel, MD Mobile, Alabama 1716 

Triplet pregnancies—Are we really doing better? Amir Weissman, MD, and Peter Jakobi, MD Haifa, Israel 1716 
Reply J. E. Milligan, MD Toronto, Ontario, Canada 1716 


One case of 45,X abortus with high CA 125 level Jerome H. Check, MD Melrose Park, Pennsylvania 1717 
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Make researching easier with the Ten-Year Cumulative Index (1978-1987) to the AMERICAN 
JOURNAL OF OBSTETRICS AND GYNECOLOGY 


The Ten-Year Cumulative Index is a complete guide to more than 30,000 pages of original ar- 
ticles, case reports, letters, and editorials published in the AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY from 1978 through 1987 (volumes 130 to 157). Numbering more than 800 pages, the 


Cumulative Index includes both a subject and an author index. This hard-cover volume is $64.50 
($69.00 international). Prices include shipping. Payment must accompany all orders and must be in 
U.S. funds, drawn on a U.S. bank. 

Contact Mosby-Year Book, Inc., Circulation Department, 11830 Westline Industrial Drive, 
St. Louis, Missouri 63146-3318 USA; phone (314) 872-8370, ext. 7394. In the U.S., call toll-free: 
1-800-325-4177, ext. 7394. Please allow six weeks for delivery. 
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Reporting Service, provided that 10¢ per page per copy is paid directly to CCC, 27 Congress St., Salem, MA 01970; phone 
(508)744-3350. The U.S. Government retains a nonexclusive, royalty-free license in and to any copyright on articles authored by 
government employees. 0002-9378/90 $00.00 + .10. 
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Calcium every day 
Aerobics every wee 


Bone loss every yea 


She needs PREMARIN to help 
prevent further bone loss 


Calcium’ and exercise are not enough to prevent post- 
menopausal osteoporosis, since estrogen deficiency is the 
primary cause.* PREMARIN is the only brand of estrogen 
indicated to prevent further bone loss and in a recently 
published study has been shown to reduce the risk of 

hip fractures by as much as 66%.° 


Early PREMARIN therapy 
offers the best protection 


The most significant rate of bone loss occurs in early 
menopause. PREMARIN can help maintain bone mass, 
preventing the progression of osteoporosis and 

its consequences. 


Protection continues as long as 
estrogen therapy continues 


Clinical studies show that within three years of menopause 
when therapy is withdrawn, bone loss begins again.* 





PREMARIN: 


(conjugated estrogens tablets) 


Proven benefits 
for menopause and beyond 


Estrogens have been reported to increase the risk of endometrial 
carcinoma in postmenopausal women. Estrogens should not 

be used in women (or men) with any of the following conditions: 
known or suspected 1) pregnancy, 2) breast cancer, 3) estrogen- 
dependent neoplasia, 4) undiagnosed abnormal genital bleeding, 
5) active thrombophlebitis or thromboembolic disorders. 


See important information on adjacent page. 
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For moderate-to-severe 
-vasomotor symptoms and 
_ for osteoporosis 


R 


(conjugated estrogens tablets) 





0.3mg 0.625mg 0.9mg 1.25mg 2.5 mg 





The appearance of these tablets is a trademark of Wyeth-Ayerst Laboratories. 


er el (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION, SEE PACKAGE 


PREMARIN® Brand of ed estrogens tablets, USP 
PREMARIN® Brand of conjugated estrogens Vaginal Cream, in a nonliquefying base 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL CARCINOMA. 
Close clinical surveillance of all women taking estrogens is important. Adequate diagnostic measures 
including endometrial sampling when indicated should be undertaken to rule out malignancy in all cases of 
undiagnosed persistent or recurring abnormal vaginal bleeding. There is currently no evidence that 
“natural” estrogens are more or less hazardous than “synthetic” estrogens at equiestrogenic doses. 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
Estrogen therapy during pregnancy is associated with an increased risk of congenital defects in the 
reproductive organs of the male and female fetus, an increased risk of vaginal adenosis, squamous-cell 
dysplasia of the uterine cervix, and vaginal cancer in the female later in life. The 1985 DES Task Force 
concluded that women who used DES during their pregnancies may subsequently experience an increased 
risk of breast cancer. However, a causal relationship is still unproven, and the observed level of risk is 
similar to that for a number of other breast cancer risk factors. 

There is no indication for estrogen therapy during pregnancy. Estrogens are ineffective for the prevention 
or treatment of threatened or habitual abortion. 
















DESCRIPTION: PREMARIN (conjugated estrogens, USP) contains a mixture of estrogens, obtained exclusively 
from natural sources, blended to represent the average composition of material derived from pregnant mares 
urine. It contains estrone, equilin, and 17a-dihydroequilin, together with smaller amounts of 17a-estradiol, 
equilenin, and 17a-dihydroequilenin as salts of their sulfate esters. Tablets are available in 0.3 mg, 0.625 mg, 
0.9 mg, 1.25 mg, and 2.5 mg strengths of conjugated estrogens. Cream is available as 0.625 mg conjugated 


estrogens per gram. 

INDICATIONS AND USAGE: Moderate-to-severe vasomotor symptoms associated with the menopause. (There 
is no evidence that estrogens are effective for nervous symptoms or depression which might occur during 
menopause and they should not be used to treat these conditions.) Prevention and management of osteoporosis 
(abnormally low bone mass). Atrophic vaginitis. Atrophic urethritis. Hypoestrogenism due to hypogonadism, 
castration or primary ovarian failure. 

PREMARIN (conjugated estrogens) Vaginal Cream is indicated in the treatment of atrophic vaginitis and 
kraurosis vulvae. 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREGNANCY AND ITS 

USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED WARNING). 
CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the following conditions: 
1. Known or suspected pregnancy (see Boxed Warning). 2. Known or suspected cancer of the breast except in 
appropriately selected patients being treated for metastatic disease. 3. Known or suspected estrogen-dependent 
neoplasia. 4. Undiagnosed abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disorders. 
6. Estrogen replacement therapy has not been reported to increase the risk of thrombophlebitis and/or 
thromboembolic disease. However, there is insufficient information regarding women who have had previous 
thromboembolic disease. 

PREMARIN Tablets and Vaginal Cream should not be used in patients hypersensitive to their ingredients 
WARNINGS: Some studies suggest a possible increased incidence of breast cancer in women taking higher 
doses of estrogen for prolonged time periods. The majority of studies have not shown an association with usual 
estrogen replacement doses. Endometrial cancer risk among estrogen users was about 4-fold or greater than in 
non-users, and appears dependent on treatment duration and estrogen dose. In patients on combined estrogen- 
progestin therapy, this risk appears to be decreased. (See PRECAUTIONS below.) 

A sagon therapy during pregnancy is associated with an increased risk of fetal congenital reproductive tract 
isorders. 

A 2.5-fold increase in the risk of surgically confirmed gall bladder disease in women receiving 
postmenopausal estrogens has been reported. 

Large doses of estrogen such as those used to treat prostate and breast cancer have been shown to increase the 
risk of non-fatal myocardial infarction, pulmonary embolism, and thrombophlebitis in men. This cannot 
necessarily be extrapolated to women. However, to avoid theoretical cardiovascular risk Caused by high estrogen 
doses, the doses for estrogen replacement therapy should not exceed the recommended dose. 

Blood pressure should be monitored with estrogen use, especially if high doses are used. 

Estrogens may lead to severe hypercalcemia in patients with breast cancer and bone metastases. 
PRECAUTIONS: The addition of a progestin for 7 or more days of a cycle of estrogen administration reportedly 
lowers the incidence of endometrial hyperplasia. Studies of endometrium suggest that 10 to 13 days of progestin 
are needed to provide maximal endometrial maturation and elimination of hyperplastic changes. Additional risk, 
such as adverse effects on carbohydrate and lipid metabolism, may be associated with the inclusion of progestin 
in estrogen replacement regimens. The choice of progestin and dosage may be important in minimizing these 
adverse effects. 

Physical examination and a complete medical and family history should be taken prior to the initiation of any 
estrogen therapy with special reference to blood pressure, breasts, abdomen, and pelvic organs, and should 
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include a Papanicolaou smear. AS a gapa rule, estrogen should not be prescribed for longer than one year 
without another physical examination being performed. Conditions influenced by fluid retention, such as asthma, 
epilepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patients may develop 
manifestations of excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding and 
mastodynia. Pre-existing uterine leiomyomata may increase in size during estrogen use. Estrogens should be 
used with care in patients with impaired liver function, renal insufficiency, or metabolic bone diseases associated 
with hypercalcemia. 

The following drug/laboratory test interactions have been reported, some only with estrogen-progestin 
combinations (oral contraceptives): 

1. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability. 

2. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone, as 
measured by T, levels determined by column or by radioimmunoassay. Free T, resin uptake is decreased, 
reflecting the elevated TBG; free T, concentration is unaltered. 

3. Impaired glucose tolerance. 

4. Reduced response to metyrapone test. 

5. Reduced serum folate concentration. 

MUTAGENESIS AND CARCINOGENESIS: Long-term, continuous administration of natural and synthetic 
estrogens in certain animal species increases the frequency of carcinomas of the breast, cervix, vagina, and liver. 
PREGNANCY CATEGORY X: Estrogens should not be used during pregnancy. See CONTRAINDICATIONS 
and Boxed sann 

NURSING MOTHERS: As a general principle, the administration of any drug to nursing mothers should be done 
only when clearly necessary since many drugs are excreted in human milk. 

ADVERSE REACTIONS: The following have been reported with estrogenic therapy; changes in vaginal bleeding 
pattern and abnormal withdrawal bleeding or flow, ir ee i p bleeding, spotting, increase in size of uterine 
fibromyomata, vaginal candidiasis, change in amount of cervical secretion; tenderness or enlargement of breasts; 
nausea, vomiting, abdominal cramps, bloating, cholestatic jaundice; chloasma or melasma that may persist when 
drug is discontinued, erythema multiforme, erythema nodosum, hemorrhagic eruption, loss of scalp hair, 
hirsutism; steepening of corneal curvature, intolerance to contact lenses; headache, migraine, dizziness, mental 
depression, chorea; increase or decrease in weight; reduced carbohydrate tolerance; aggravation of porphyria; 
edema; changes in libido. 

ACUTE OVERDOSAGE: May cause nausea and vomiting. 

DOSAGE AND ADMINISTRATION: 
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vaginitis, or atropnic urethritis associated with the menopause (0.3 mg to 1.25 mg or more daily). The lowest dose 
that will control symptoms should be chosen and medication should be discontinued as promptly as possible. 
Administration should be cyclic (eg, three weeks on and one week off). Attempts to discontinue or taper 
medication should be made at three- to six-month intervals. 

2. Given cyclically: Hypoestrogenism. Osteoporosis. 

Hypoestrogenism due to: Female hypogonadism—2.5 mg to 7.5 mg daily in divided doses for 20 days 
followed by 10 day rest period. If bleeding does not occur by the end of this period, the same dosage schedule is 
repeated. Female castration or Akg ovarian failure—1.25 mg daily, oyec Adjust upward or downward 
according to response of the patient. For maintenance, adjust dosage to lowest level that will provide effective 
control 

Osteoporosis—0.625 mg daily. Administration should be cyclic (eg, three weeks on and one week off). 
PREMARIN® Brand of conjugated estrogens Vaginal Cream 
Given cyclically for short-term use only. For treatment of atrophic vaginitis or kraurosis vulvae. 

The lowest dose that will control symptoms should be chosen and medication should be discontinued as 
promptly as possible 

Attempts to discontinue or taper medication should be made at three- to six-month intervals. 

Usual dosage range: 2 g to 4 g daily, intravaginally, i ai on the severity of the condition. 

Patients with an intact uterus who are treated with either PREMARIN Tablets or Vaginal Cream should be 
monitored for signs of endometrial cancer and appropriate measures taken to rule out malignancy in the event of 
persistent or recurring abnormal vaginal bleeding. 
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title page is proper and does not imply a conflict of interest; 
only where there is a possible conflict of interest is the 
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the time the study was performed; source(s) of financial 
support; presented line, if applicable; disclaimers, if any; 
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stated); and name, address, and business and home tele- 
phone numbers of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
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Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages 
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maximum of 25 words, delineating the essential point(s) 
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Abstract page and key words/phrases. On manuscript 
page 3 type the abstract, double-spaced, with the required 
margins and headed by the title of the article and name(s) 
of author(s). Abstracts for regular articles, Current Investi- 
gation, Clinical Opinion, and Current Development may 
not exceed 150 words. Abstracts for case reports and brief 
communications may not exceed 50 words. Below the ab- 
stract list 3 to 5 key words or short phrases for indexing 
purposes. 
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first-person, active voice if it 1s more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations, since the emphasis is on the “action” rether 
than on the person performing the action. 
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Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it 
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Regular articles are customarily organized into the 
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identify Material and Methods, Results, and Comment. 
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In the introduction, state concisely the purpos= and 
rationale for the study and cite only the most pertinent 
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In the Material and Methods section describe briefly 
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and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 


Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from.750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required 1-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, if a greater 
number of illustrations and tables are used, the length of the text should be adjusted 


accordingly. 


only your important observations; do not compare your 
observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to B:omedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65). Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section-—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must dbiain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. . 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 
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tions at a cost of $525 per page (one side). 

For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit- 
ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3X4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
(gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text, 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. If a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 

Legends to illustrations. Legends for all figures must be 
typed double-spaced on paper separate from the text of the 
manuscript, and these pages must be numbered in 


sequence after the references. Titles should be included in 
the legend, mot on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back of each print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 


28A 


” 


submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
[excluding references, name(s) and address(es) of the sign- 
er(s), and the phrase “To the Editors”]. The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all co-signers.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of correspondence will be considered for pub- 
lication. (1) A Letter to the Editors commenting on an 
article that has appeared in the JOURNAL should be brief 
and directly related to the published article. The editorial 
staff reserves the right to shorten letters if necessary and to 
make minor editorial alterations without reference to the 
writer. Letters may be published together with a reply from 
the original author. If the original author does not respond, 
a notation indicating “Response declined” will be pub- 
lished. As space for letters is limited, only a selection of 
letters submitted may be published. (2) A brief case pre- 
sentation or a short report of a pertinent observation in the 
form of a Letter to the Editors will be considered for pub- 
lication. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, Mosby—Year Book, 
Inc., 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby—Year Book, Inc., 11830 Westline Industrial Drive, 
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Production Manager (314) 872-8370. 
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pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The appropziate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
manuscript. 

—Three sets-af unmounted glossy photographic prints are 
submitted, troperly numbered and labeled on the back of 
each print. ` 

—Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. 

—Human experimentation has been approved by the local 
institution as stated in the Methods section. 

—Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed double-spaced 
on bond paper with l-inch margins at top, bottom, and 
sides. 

—A\]l pages are numbered in the following order: title page, 
condensation, zbstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I; we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any co-authors that might pose a conflict of interest is 
described. 


Previous publications 
—Enclosed with the submitted manuscript are two reprints 
each of articles the author or co-authors have previously 
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published or have in manuscript form dealing with same 
patients, same animals, same laboratory experiment, or 
same data, in part or in full, as those reported in the 
submitted manuscript. Further explanation is provided in 
the covering letter that accompanies the submitted 
manuscript. 


Title page 

— These elements are given in the following sequence, and 
are typed double-spaced. 

—Title 

—Author(s) name(s) and highest academic degree(s) 

—City(ies), state(s), and country other than U.S. in which 
the study was conducted are given 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the author(s) institutional affiliation at the time 
of the study is indicated 

—Acknowledgment of financial support is cited 

—Name, address, and business and home telephone num- 
bers of author to whom requests for reprints are to be sent 

—Reprints will not be available. This has been stated on the 
title page 

—Since the corresponding author is different from the au- 
thor to whom reprint requests are to be sent, his/her 
name, address, and business and home telephone num- 
bers have been added 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been 
typed 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract 

—The abstract is typed double-spaced with required mar- 
gins (on page 3) headed by the title and the author(s) 
name, not exceeding 150 words. For case reports and 
brief communications the limit of 50 words is not ex- 
ceeded. 

—Three to five key words or short phrases are placed be- 
neath the abstract on page 3. 


Tables 

—Each table headed by a caption and numbered in Roman 
numerals is typed double-spaced on a separate page. 

—Tables are cited in sequence in the text. 
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~~Are numbered in Arabic numerals and are cited in nu- 
merical sequence in the text. 

— Original transparencies of color photographs appropri- 
ately numbered and identified are submitted along with 
two sets of unmounted prints on glossy paper, numbered 
and identified on the back. 
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—~Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
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scripts Submitted to Biomedical Journals” is used. Ex- 
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—-Abstracts, personal communications, and unpublished 
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tioned in the text with the written approval of the person 
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Fellowships 


The American Board of Obstetrics and Gynecology, Inc.: Approved fellowship 
training programs in obstetrics and gynecology subspecialties: Gynecologic On- 
cology; Reproductive Endocrinology; Maternal-Fetal Medicine 


CATEGORY 
State: City 
Institution 


GYNECOLOGIC ONCOLOGY 


Alabama: Birmingham 
Univ Ala 

California: Los Angeles 
LAC/USC Med Ctr 
UCLA 

California: Orange 
Univ Calif Irvine 


Connecticut: New Haven 
Yale Univ 
DC: Washington 
Georgetown Univ 
Walter Reed Army Med Ctr 
Florida: Miami 
Univ Miami 
Florida: Tampa 
Univ So Fla 
Iowa: Iowa City 
Univ Iowa Hosp & Clinics 
Kentucky: Lexington 
Univ Ky 
Maryland: Baltimore 
Johns Hopkins Univ 
Massachusetts: Boston 
Brigham & Women’s Hosp 
Mass Gen Hosp 
Michigan: Ann Arbor 
Univ Mich 
Minnesota: Minneapolis 
Univ Minn 
Minnesota: Rochester 
The Mayo Clinic 
Missouri: St Louis 
Washington Univ 
New York: Brooklyn 


SUNY Health Sci Ctr/Brooklyn 


New York: Buffalo 
Roswell Park Cancer Inst 
New York: New York 
Memorial Sloan-Kettering 
Mt Sinai Med Ctr 
New York: Rochester 
Univ Rochester 





Number of approved positions 


I per year (total 2) 


I per year (total 2) 
l] per year, alt 2 per year (total 3) 


l alt 2 alt 1 (total 4, 
alt 5) (3 year program) 


| per year (total 2) 


I per year (total 2) 
J per year (total 2) 


I per year, alt 2 per year (total 3) 
| per year (total 2) 
l] per year (total 2) 
l per year (total 2) 
I per year (total 2) 


l per year (total 2) 
l per year (total 2) 


I per year (total 2) 


l per year, alt 2 per year (total 3) 


l per year (total 3) (3 year program) 


| per year (total 2) 
I alt years (total 1) 
l per year (total 2) 


2 per year (total 4) 
1 per year (total 2) 


I per year (total 2) 


Fellowships are listed alphabetically by state. 


Director of program 


Edward E. Partridge 


C. Paul Morrow 
Jonathan S. Berek 


Michael Berman 


Peter E. Schwartz 


Gregorio Delgado 
Robert C. Park 


Hervy E. Averette 
Denis Cavanagh 
Barrie Anderson 

John R. van. Nagell, Jr. 
John L. Currie 


Ross Berkowitz 
Arlan F. Fuller 


James A. Roberts 
Leo B. Twiggs 
Karl C. Podratz 
Ming-Shian Kao 
John G. Boyce 
M. Steven Piver 


John L. Lewis, Jr. 
Carmel J. Cohen 


Brent DuBeshter 
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32A Fellowships 


CATEGORY 
State: City 
institution 


Number of approved positions 





GYNECOLOGIC ONCOLOGY — Cont'd 


North Carolina: Chapel Hill 
Univ NC 

North Carolina: Durham 
Duke Univ 

Pennsylvania: Hershey 
Milton S. Hershey Med Ctr 

Pennsylvania: Philadelphia 
Hosp Univ Pa 

Texas: Dallas 
Univ Tex/Southwestern 


Texas: Houston 


M. D. Anderson Cancer Center 


I per year (total 2) 
l per year (total 2) 
l] per year (total 2) 
l per year (total 2) 


I per year (total 3) 
(3 year program) 


3 per year (total 6) 


REPRODUCTIVE ENDOCRINOLOGY 


California: La Jolla 


Univ Calif San Diego Med School 


California: Los Angeles 
LAC/USC Med Ctr 
UCLA/Cedars-Sinai Med Ctrs 

California: Orange 
Univ Calif Irvine Med Ctr 

California: San Francisco 
Univ Calif San Francisco 

Connecticut: Farmington 
Univ Conn 

Connecticut: New Haven 
Yale Univ 

DC: Washington 
George Washington Univ 
Georgetown Univ School Med 
Walter Reed Army Med Ctr 

Georgia: Augusta 
Med Coll Ga 

Illinois: Chicago 
Michael Reese Hosp 
Northwestern Univ 
Rush Med Coll 
Univ Chicago 


Iowa: Iowa City 
Univ Iowa 
Kentucky: Lexington 
Univ Ky 
Kentucky: Louisville 
Univ Louisville 
Maryland: Baltimore 


Johns Hopkins Univ School Med 


Univ Md 


2 per year (total 4) 


3 per year (total 6) 
2 per year (total 4) 


l per year (total 2) 
3 per year (total 6) 


l per year (total 2) 


3 per year, alt 4 per year (total 7) 


l per year (total 2) 
l per year (total 2) 
3 per year (total 6) 


2 per year (total 4) 

2 per year (total 4) 

l per year (total 2) 

2 per year (total 4) 

l alt years (total 1, alt 2) (3 year 
program) 

I per year (total 2) 

l per year (total 2) F 


I per year (total 2) 


3 per year (total 6) 
1 per year (total 2) 


Fellowships are listed alphabetically by state. 
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Director of program 


Wesley C. Fowler, Jr. 
Daniel L: Clarke-Pearson 
Rodrigue Mortel 

John J. Mikuta 


Roberto Yazigi 


J. Taylor Wharton 


Samuel S. C. Yen 


Rogerio A. Lobo 
Howard L. Judd 


Ricardo H. Asch 
Robert B. Jaffe 
Anthony A. Luciano 
Alan H. DeCherney 
Robert J. Sullman 
James A. Simon 
Thomas A. Klein 
Paul G. McDonough 
Edward L. Marut 
Anne Colston Wentz 
Ewa Radwanska 
James R. Schreiber 
F. K. Chapler 

Ken Muse, Jr. 


Marvin A. Yussman 


John A. Rock 
Eli Y. Adashi 
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CATEGORY 
State: City 
Institution 





Number of approved positions Director of program 


REPRODUCTIVE ENDOCRINOLOGY —Cont’d 


Massachusetts: Boston 


Brigham & Women’s Hosp 3 per year (total 6) Kenneth J. Ryan 
Michigan: Detroit 

Wayne State Univ I per year, alt 2 per year (total 3) Kamran S. Moghissi 
Minnesota: Minneapolis 

Univ Minn | per year (total 2) George E. Tagatz 
Minnesota: Rochester 

The Mayo Clinic 1 per year (total 2) Steven J. Ory 
Missouri: St. Louis 

Washington Univ l per year (total 2) Ronald C. Strickler 
New Jersey: New Brunswick 

UMDN]J/Robt Wood Johnson l alt years (total 1) Ekkehard Kemmann 
New Jersey: Newark 

UMDN]J/New Jersey Med School 2 per year (total 4) Cecilia L. Schmidt 
New York: New York 

Coll Phys Surg/Columbia Univ l per year (total 2) Raphael Jewelewicz 

Mt. Sinai Med Ctr l per year (total 2) J. Victor Reyniak 

NY Hosp/Cornell Univ ] per year, alt 2 per year (total 3) Zev Rosenwaks 
North Carolina: Chapel Hill 

Univ NC l per year (total 2) Mary G. Hammond 
North Carolira: Durham 

Duke Univ ] per year, alt 2 per year (total 3) Arthur F. Haney 
Ohio: Cincinnati 

Univ Cincinnati l per year (total 2) James H. Liu 
Ohio: ColumEus 

Ohio State Univ 1 per year, alt 2 per year (total 3) Moon H. Kim 
Oregon: Portland 

Oregon Health Sci Univ ] per year (total 2) Kenneth A. Burry 
Pennsylvania: Philadelphia 

Hosp Univ Pa 3 per year (total 6) Luigi Mastroianni 
Tennessee: Memphis 

Univ Tenn l per year (total 2) John E. Buster 
Texas: Dallas 

Univ Tex/Southwestern 2 per year, alt 3 per year (total 5) Bruce R. Carr 
Texas: Houston 

Baylor Coil Med 2 per year (total 4) William E. Gibbons 
Texas: San Antonio 

Univ Tex/San Antonio I per year (total 2) Robert S. Schenken 
Vermont: Burlington 

Univ Vt l per year (total 3) (3 year program) Mark Gibson 
Virginia: Charlottesville 

Univ Va l alt years (total 1) James D. Kitchin ITI 
Virginia: Norfolk 

Eastern Va Med School 2 per year (total 4) Charles C. Coddington 
Wisconsin: Madison 

Univ Wis l per year (total 2) Sander S. Shapiro 
Canada: Montreal (Que) 

McGill Univ I per year (total 2) A. Brian Little 


Fellowships are listed alphabetically by state. 
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34A Fellowships 


CATEGORY 
State: City 
Institution 


MATERNAL-FETAL MEDICINE 


Alabama: Birmingham 
Univ Ala 

Arizona: Tucson 
Univ Ariz 

Arkansas: Little Rock 
Univ Ark 

California: La Jolla 
Univ Calif San Diego Med Ctr 

California: Loma Linda 
Loma Linda Univ 

California: Los Angeles 
King-Drew Med Ctr 
LAC/USC Med Ctr 
UCLA 

California: Orange | 


Univ Calif Irvine/Long Beach Hosp 


California: San Francisco 
Univ Calif San Francisco 
California: Torrance 
Harbor-UCLA/ Cedars-Sinai 
Colorado: Denver 
Univ Colo 
Connecticut: Farmington 
Univ Conn 
Connecticut: New Haven 
Yale Univ 
DC: Washington 
George Washington Univ 
Georgetown Univ 
Florida: Gainesville 
Univ Fla 
Florida: Miami 
Univ Miami 
Florida: Tampa 
Univ So Fla Coll Med 
Georgia: Augusta 
Med Coll Ga 
Illinois: Chicago 
Northwestern Univ Med Ctr 
Rush Presbyterian/St Lukes 
Univ Chicago 
Univ Ill 
Illinois: Springfield 
Southern Ill Univ 
Indiana: Indianapolis 
Indiana Univ School Med 
Iowa: Iowa City 
Univ Iowa 
Kentucky: Louisville 
Univ Louisville School Med 
Louisiana: New Orleans 
La State Univ 





: Number of approved positions 


1 per year, alt 2 per year (total 3) 
l] per year (total 2) 
l per year (total 2) 
l per year, alt 2 per year (total 3) 
l per year (total 2) 
l per year (total 2) 
i4 per year (total 8) 
l per year (total 2) 
3 per year (total 6) 
4 per year (total 8) 
3 per year (total 6) 
2 per year (total 4) 
2 per year (total 4) 


l] per year (total 2) 


l per year (total 2) 
1 per year (total 2) 


l per year (total 2) 
2 per year (total 4) 
3 per year (total 6) 
1 per year (total 2) 
2 per year, alt 3 per year (total 5) 
] per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
] per year (total 2) 
l] per year (total 2) 


2 per year (total 4) 


] per year (total 2) 


Fellowships are listed alphabetically by state. 
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Director of program 


John C. Hauth 
Kathryn L. Reed 
J. Gerald Quirk, Jr. 
Robert Resnik 
Barry Block 

Milton I. Lee 
Richard H. Paul 
Brian J. Koos 
Thomas J. Garite 
Julian T. Parer 
Michael Ross 
Roger L. Lenke 
Anthony M. Vintzileos 


John C. Hobbins 


John H. Grossman IH 
John T. Queenan 


Amelia C, Cruz 
Mary Jo O'Sullivan 
William F. O’Brien 
Lawrence D. DeVoe 
Michael L, Socol 
Howard T. Strassner, Jr. 
Mark Phillippe 
Andre Bieniarz 

Kof S. Amankwah 
Alan M. Golichowski 
Carl P. Weiner 
Joseph A. Spinnato 


Harvey A. Gabert 
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CATEGORY 
State: City 
Institution 





Number of approved positions 


MATERNAL-FETAL MEDICINE—Cont’d 


Maryland: Baltimore 
Johns Hopkins Univ 
Univ Md 
Massachusetts: Boston 
Brigham & Women’s Hosp 
Tufts Univ/St Margaret's 
Michigan: Ann Arbor 
Univ Mich Med Ctr 
Michigan: Detroit 
Wayne State Univ 
Mississippi: Jackson 
Univ Miss 
Missouri: St Louis 
Washington Univ Med Ctr 
New Jersey: New Brunswick 
UMDN]/Eobt. Wood Johnson 
New Jersey: Newark 
UMDNJ/NJ Med School 
New Mexico: Albuquerque 
Univ NM 
New York: Bronx 
Albert Einstein Coll Med 
New York: Brooklyn 
SUNY Health Sai Ctr/Brooklyn 
New York: Buffalo 
SUNY Health Sci Ctr/Children’s 
Hosp 
New York: New York 
Columbia Univ 
Mt Sinai Med Ctr 
NY Hosp/Cornell Univ 
NY Univ 
New York: Rochester 
Univ Rochester 
New York: Stony Brook 
SUNY Health Sci Ctr/Stony Brook 
New York: Valhalla 
NY Med Ctr/Westchester Cnty 
North Carolira: Chapel Hill 
Univ NC 
North Carolina: Durham 
Duke Univ 
North Carolina: Winston-Salem 
Bowman Gray School Med 
Ohio: Cincinnati 
Univ Cincinnati 
Ohio: Cleveland 
Cleveland Metro Gen Hosp 
Hosp Cleveland/MacDonald Hosp 
Ohio: Columbus 
Ohio State Univ 
Oklahoma: Oklahoma City 
Univ Ok Col Med 


2 per year (total 4) 
l per year, alt 2 per year (total 3) 


2 per year (total 4) 
2 per year (total 4) 


l per year (total 3) (3 year program) 
2 per year (total 4) 

2 per year (total 4) 

3 per year (total 6) 

| per year (total 2) 

] per year (total 2) 

2 per year (total 4) 

2 per year, alt 3 per year (total 5) 
1 per year (total 2) 

l per year (total 2) 

2 per year (total 4) 

I per year, alt 2 per year (total 3) 
l per year (total 2) 

1 per year (total 2) 

l per year, alt 2 per year (total 3) 
l] per year (total 2) 

I per year (total 2) 

l per year (total 2) 

l per year, alt 2 per year (total 3) 
l per year (total 2) 

2 per year (total 4) 


2 per year (total 4) 
2 alt years (total 2) 


I per year (total 2) 


I per year (total 2) 


Fellowships ar2 listed alphabetically by state. 


Fellowships 


Director of program 


Timothy R. B. Johnson 
David A. Nagey 


Fredric D. Frigoletto, Jr. 
Mary E. D’Alton 


Robert H. Hayashi 
sidney F. Bottoms 
John C. Morrison 
Roy H. Petrie 

John T. Harrigan 
Joseph J. Apuzzio 
Luis B. Curet 
Irwin R. Merkatz 
Howard L. Minkoff 
William P. Dillon 
Harold E. Fox 
Richard L. Berkowitz 
Maurice L. Druzin 
Bruce K. Young 
James R. Woods, Jr. 
David A. Baker 
Nergesh Tejani 
John W. Seeds 
Allen P. Killam 

J. C. Veille 

Tariq A. Siddiqi 


LeRoy J. Dierker, Jr. 
Method Duchon 


Jay D. Iams 


Gary R. Thurnau 
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36A Fellowships 


CATEGORY 
State: City 
Institution 


Number of approved positions 


MATERNAL-FETAL MEDICINE—Cont’d 


Oregon: Portland 
Ore Health Sci Univ 
Pennsylvania: Philadelphia 
Hosp Univ Pa 
Pa Hosp 
Thomas Jefferson Univ 
Pennsylvania: Pittsburgh 
Univ Pittsburgh 
Rhode Island: Providence 
Brown Univ 
South Carolina: Charleston 
Med Univ SC 
Tennessee: Memphis 
Univ Tenn 
Tennessee: Nashville 
Vanderbilt Univ 
Texas: Dallas 
Univ Tex/Southwestern 
‘Texas: Houston 
Baylor Coll Med 
Univ Tex/ Houston 
Texas: San Antonio 
Univ Tex/San Antonio 
Utah: Salt Lake City 
Univ Utah 
Vermont: Burlington 
Univ Vt 
Virginia: Norfolk 
Eastern Va Med School 
Washington: Seattle 
Univ Wash 
Washington: Tacoma 
Madigan Army Med Ctr 
Wisconsin: Madison 
Univ Wis 


l per year (total 2) 
2 per year (total 4) 
2 per year (total 4) 
| per year, alt 2 per year (total 3) 
2 per year (total 4) 
] per year (total 2) 
I] per year (total 2) 
2 per year (total 4) 
l per year (total 2) 


3 per year, alt 4 per year (total 7) 


3 per year (total 6) 
3 per year (total 6) 


2 per year (total 4) 
l per year (total 3) (3 year program) 
I per year (total 3) (3 year program) 
1 per year (total 2) 
I per year (total 2) 
1 per year (total 2) 


l] per year (total 2) 


November 1990 
Am J Obstet Gynecol 


Director of program 


Richard I. Lowensohn 
Arnold W. Cohen 
Ronald J. Bolognese 
Ronald J. Wapner 
Daniel I. Edelstone 
Donald R. Coustan 
Roger B. Newman 
Baha M. Sibai 

Frank H. Boehm 


Larry C. Gilstrap IHI 


David B. Cotton 
Valerie M. Parisi 


Edward R. Newton 
D. Ware Branch 
Eleanor L. Capeless 
Donald L. Levy 
Thomas J. Benedetti 
John A. Read 


Chester B. Martin, Jr. 
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Clinical Opinion 


Human oocyte and preembryo donation: An evolving method 


for the treatment of infertility 


Mark V. Sauer, MD, and Richard J. Paulson, MD 
Los Angeles, California 


The utilization of oocyte and preembryo donation in the treatment of infertility has recently expanded. 
Since 1983, mcdifications in the retrieval of donated female gametes have enhanced both the safety and 
the efficacy of the procedure. Pregnancy rates in women receiving donated preembryos are remarkably 
high, with success occurring in 25% to 50% of transfer cycles. The technology used for preembryo 
donation continues to evolve, and the current and future role of ovum donation in the treatment of infertility 


is expanding. (Am J Osstet GYNECOL 1990;163:1421-4.) 


Key words: Preembryo donation, donor oocytes, uterine lavage, ovarian failure 


Human oocyte and preembryo donation has become 
a viable medical alternative for treatment of infertility 
in women with ovarian failure. Approximately 0.3% of 
reproductive-aged women experience ovarian failure, 
which until recently represented an irrevocable loss of 
fertility." However, with sex steroid hormone replace- 
ment and preembryo donation, functionally agonadal 
women now have an excellent chance of becoming 
pregnant. 

The method used in human preembryo donation 
and its application for the treatment of infertility is 
relatively new. However, the utilization of this tech- 
nique has become increasingly commonplace. Al- 
though initially directed at producing pregnancies in 
women with ovarian failure, recent success has also 
been reported after the transfer of donated preem- 
bryos to women with intact ovarian function but who 
otherwise have a poor fertility prognosis.” Summarized 
in this report are the evolution of preembryo donation 
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in humans and the projected role of this method in 
infertility therapy. 


Past developments 


Since the late nineteenth century preembryo dona- 
tion has been successfully performed in more than a 
dozen mammalian species. Most commonly, uterine la- 
vage (endometrial washing) has been utilized to retrieve 
the free-floating conceptus before host implantation. 
This technique has been used in the breeding of exotic 
animals and has become increasingly popular in animal 
husbandry.’ In the cattle industry the efficiency of this 
process is enhanced by superovulation of the donor 
cows, followed by their artificial insemination. In this 
manner multiple preembryos are obtained with uterine 
lavage. Preembryos that are retrieved are then individ- 
ually transferred to multiple recipient animals, thus 
increasing the number of offspring generated per la- 
vage procedure.* 

Early attempts of ovum donation in humans utilized 
preembryo recovery techniques analogous to those 
used in animals. Between 1980 and 1987, clinical trials 
using uterine lavage of artifically inseminated fertile 
female donors resulted in the establishment of 13 clin- 
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Table I. Summary of early experience using uterine lavage to recover in vivo fertilized ova for 
preembryo donation 





University of California, Los Angeles? 
University of Pavia’ 58 


No. of 
inseminations 
90 





; No. of ova 
No. of lavages recovered 


240 40 (44%) 4 
58 25 (43%) 9 








Table H. Summary of early experience in 
transferring preembryos to functionally 
agonadal women using in vivo fertilization of 
donated oocytes 


Investigator No. of embryo transfers | No. of pregnancies 


Lutjen et al.® 31 6 (19% per ET) 
Navot et al.’ 8 2 (25% per ET) 
Rosenwaks" 32 8 (25% per ET) 


ET, Preembryo transfer. 


ical pregnancies (Table [).*° At that time uterine lavage 
represented the only nonsurgical alternative for pro- 
curing donated female gametes, since other assisted 
reproductive technologies, such as in vitro fertilization 
and gamete intrafallopian transfer, required the donor 
to undergo general anesthesia and laparoscopy. How- 
ever, the natural fecundity of even the most fertile fe- 
male donors limited the retrieval of viable preembryos 
to approximately 25% of cycles lavaged. Other aspects 
_of this procedure lessened its clinical acceptability, as 
infection and retained pregnancies were observed in 
donors.’ 

Concomitant advances in the technology of human 
in vitro fertilization led to the use of this method for 
ovum donation. Initial reports of pregnancies in small 
series of functionally agonadal women using oocytes 


donated and fertilized in vitro appeared from 1984 . 


through 1987." These early attempts required the do- 


nor to undergo follicle aspiration surgically, usually by: 


laparoscopy or minilaparotomy. Although the number 
of cases was small, results were encouraging, with most 
investigators reporting pregnancy rates of approxi- 
mately 25% per embryo transfer attempt (Table II). 
However, the clinical applicability of this approach was 
limited by the difficulty of recruiting donors to undergo 
surgery. Furthermore, because of the inherent inva- 
siveness of the follicle aspiration, the Ethics Committee 
of the American Fertility Society expressed concern 
that the risk of the procedure to the donor might out- 
weigh the benefits of the procedure to the recipient 
couple." 5 ; 

However, with time, technologic advances in ultra- 
sonography led to the development of transvaginal 
ultrasonography-directed follicle aspiration. This sim- 
plification of the technique of in vitro fertilization has 


amounted to a technologic breakthrough for ovum do- 
nation. Transvaginal ultrasonography-directed follicle 
aspiration has proved to be a safe and effective means 
for retrieving oocytes. Women can now undergo oocyte 
aspiration without incurring the discomfort and risks 
of general anesthesia and surgery. Oocyte donors once 
again have a nonsurgical alternative. 


Present status 


The in vitro fertilization—embryo transfer registry of 
the Society of Assisted Reproductive Technology 
(SART) reported 17 clinics in calendar year 1987” and 
26 clinics in calendar year 1988 that were performing 
in vitro fertilization~embryo transfer with donated oo- 
cytes.™ In the 1988 series, 130 patients underwent 158 
preembryo transfers. Fifty-one (32%) of the donor 
transfers produced a clinical pregnancy and 36 (23%) 
live deliveries resulted, including 12 sets of twins and 
one set of triplets. These numbers contrast with the 
12% live-birth rate reported to SART in the same year 
for standard in vitro fertilization. There were no chro- 
mosomal abnormalities or congenital anomalies re- 
ported with this procedure. 

A wide range of ethical issues surround donor pay- 
ment and anonymity. While oocyte donation can be 
performed in either an anonymous or a directed fash- 
ion, most programs have maintained the anonymous 
approach and use supernumerary oocytes donated by 
couples undergoing in vitro fertilization. In other cases 
oocytes are donated by women agreeing to ovarian hy- 
perstimulation before an operative procedure such as 
tubal ligation. In addition, sisters are often used as oo- 
cyte donors. In many cases couples prefer a sibling to 
an unrelated oocyte donor.” As the practice of oocyte 
donation has become a reality, the demand for donors 
has increased, resulting in a shortage of available do- 
nors and long waiting lists. Accordingly, several clinics 
have developed a registry of fertile women who agree 
to undergo ovarian hyperstimulation and follicle as- 
piration specifically for the purpose of donating all the 
gametes to the recipient. Again this practice may be 
performed anonymously. 

At the University of Southern California a nonanon- 
ymous approach has been preferred.” Approximately 
half of our patients preselected a friend or sibling as a 
prospective donor before our evaluation. Couples with- 
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Fig. 1. Depicted is the current hormone replacement regimen used for functionally agonadal re- 


cipients of donated preembryos. Oral estradiol 
daily in divided doses. 


and intramuscular progesterone are administered 


Table IXI. Summary results for the first 20 functionally agonadal women (aged 24 to 45 years) 
participating in the oocyte donation program at the University of Southern California 





No. of recipients 
No. of oocytes per recipient per attempt 
Fertilization rate (No. of preembryos per No. of oo- 
cytes) . 
No. of transfer cycles 
No. of preembryos transferred per transfer cycle 
No. of implantations per transferred preembryo 
No. of clinical pregnancies 
Per transfer attempt 
Per total participants 
No. of ongoing per delivered pregnancies 
Per transfer attempt 
Per total participants 
No. of multiple gestations in ongoing pregnancies 





out a designated donor were matched nonanonymously 
with one of the several previously screened oocyte do- 
nors. This approach has occasionally allowed an indi- 
vidual oocyte donor known to produce large numbers 
of oocytes an op2ortunity to provide gametes to more 
than one recipient couple at a time." A summary of the 
outcome of our initial 20 patients is listed in Table HI. 


Future considerations 


Refinements o7 the present methods of preembryo 
donation will inevitably lead to simplified protocols for 
hormone replacement of the recipients. The endo- 


20 
11.9 + 1.2 (range 3-25) 
194/326 (60%) 


26 
4.5 + 0.3 (range 1-6) 
31/120 (26%) 


16/26 
16/20 


(62%) 
(80%) 


(46%) 
(60%) 
(42%) 


12/26 
12/20 
5/12 


metria of functionally agonadal women can be suc- 
cessfully prepared by a variety of replacement proto- 
cols.’ Most of these protocols use a combination of oral 
estradiol and intramuscular progesterone to establish 
a receptive endometrium. Our replacement regimen is 
depicted in Fig. 1. Its utilization at the University of 
Southern California has led to preembryo implantation 
rates that are threefold higher than those observed in 
our patients undergoing standard in vitro fertiliza- 
tion. This increased implantation rate has led to 
higher pregnancy rates. Indeed, pregnancy rates re- 
ported with oocyte donation are among the highest 
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reported for any fertility-enhancing procedure. The 
unique combination of oocytes obtained from stimu- 
lated cycles in fertile women and the optimized endo- 
metrial environment in which these preembryos are 
placed make for these unprecedented results. 

Recent reports of successful preembryo transfers to 
women made artifically agonadal after pituitary down 
regulation may establish an even greater applicability 
for donor oocytes.” Women with very poor fertility 
prognoses, such as those with failure of multiple at- 


tempts of in vitro fertilization, older women, or those - 


who fail to respond to ovarian hyperstimulation, may 
ultimately benefit from endometrial preparation fol- 
lowed by oocyte donation. 

Preliminary reports of pregnancies after unstimu- 
lated donor cycles or in ovaries incidentally removed 
from women at the time of surgery may further modify 
the approach to retrieving gametes. Simplifying the 
procedural aspects of occyte donation should further 
reduce the present risks of ovarian hyperstimulation 
and aspiration. l 

In summary, pregnancy afier oocyte and preembryo 
donation is now a reality and will become more com- 
monplace as we approach the twenty-first century. 
Ironically, it appears that women who only a decade 
ago were considered hopelessly infertile may have a 
higher probability of conception after donor preem- 
bryo transfer than women with ovarian function un- 
dergoing standard in vitro fertilization. 
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Does obstetric ethics have any role in the obstetrician’s 


response to the abortion controversy? 


Frank A. Chervenak, MD, and Laurence B. McCullough, PhD 
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We defend the view that the obstetrician’s response to the abortion controversy cannot be based on 
accounts of the independent moral status of the fetus, because all such accounts are irresolvably 
disputable. Tha: response, however, can be based on an account of the dependent moral status of the 
fetus. For such an account the central question is, “When is the fetus a patient?” Viable fetuses are 
patients. Nonviabie third-trimester fetuses are not patients. Previabie fetuses are patients solely as a 
function of the woman's autonomous decision to confer such status. The abortion of.a viable fetus is, with 
few exceptions, never ethically justified, because it is a patient. The abortion of nonviabie third-trimester 
fetuses (i.e., premature termination of pregnancy) is justified when the pregnant woman consents to it. 
Abortion of the previable fetus is justifiable when the pregnant woman consents to it. We distinguish 
between professional and private conscience. We identify the limits of the former and the legitimate role of 
the latter, especially in the area of religious beliefs. Finally, we address the implications of our view for 
residency training programs. The most important of these implications is that requiring all residents to 
perform abortions is ethically unjustifiable. (Am J OssteT GYNECOL 1990;163:1425-9,) 


Key words: Abortion, ethics, viability, residency education 


Abortion ranks as one of the most divisive issues af- 
fecting contemporary American society. This divisive- 
ness has the potential to extend to the obstetric profes- 
sion because obstetricians counsel pregnant women and 
perform abortions. The voluminous literature on the 
ethics of abort:on can be accurately described as a con- 
troversy for which closure on a common ground is im- 
possible.’ This is because of the markedly varied ar- 
guments about when, why, and by whom there might 
be ethical obligations owed to the fetus. As a conse- 
quence, it seems fair to ask, Does obstetric ethics have 
any role in the obstetrician’s response to the abortion 
controversy? We believe that the answer is yes. 

We understand obstetric ethics to be a subspecialty 
of the field of medical ethics. Medical ethics seeks to 
identify, on the basis of ethical principles, the ethical 
obligations of physicians to patients and to third parties 
to the patient-physician relationship, e.g., family mem- 
bers, hospitals, and public and private payers.” * Ob- 
stetric ethics seeks to identify the ethical obligations of 
the physician to the pregnant patient and to third par- 
ties to the patient-physician relationship. Of special in- 
terest is the iss1e of whether the physician has ethical 
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obligations to the fetus. The history of medical ethics 
in the West began with Hippocrates.* Obstetric ethics 
is a part of this history and continues to be developed 
in the medical and philosophical literature. ‘These dis- 
cussions embrace the full range of ethical issues in ob- 
stetric practices, e.g., maternal-fetal conflict,° fetal di- 
agnosis and treatment,’ and abortion.’ 


Theological and philosophical responses 


The first response of many persons to the abortion 
controversy is to try to establish theological or philo- 
sophical grounds for the independent moral status or 
lack of independent moral status of the fetus.’ *!° In- 
dependent moral status would mean that the fetus in 
and of itself generated its own moral rights, which 
would have to be acknowledged and respected by every- 
one. The disabling problem with these responses is that 
they are so varied that no common ground has emerged 
and clinical application therefore has been impossible. 
Theological traditions are marked by deep disagree- 
ment, both mntramurally and transmurally. In these 
matters, moreover, theological traditions have been un- 
able to agree on a single perspective from which their 
disputes can be universally and authoritatively settled. 
Philosophical traditions have fared no better. Indeed, 
the voluminous philosophical literature on the ethics 
of abortion is markedly heterogeneous in its methods 
and results. Thus no single philosophical perspective 
can claim with legitimacy a primacy over any other. In 
1973, the United States Supreme Court stated that phi- 
losophers and theologians have been unable to settle 
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the question of when human life begins, i.e., when the 
fetus has independent moral status. There has been no 
progress in the intervening years. Indeed there seems 
to be no common ground available.’ 

The implication for obstetricians of this lack of prog- 
ress is that they should be deeply suspicious of any 
responses to the abortion controversy that assert an 
indisputable account about the independent moral sta- 
tus or lack of independent moral status of the fetus. 
Suspicion is justified because no such account can claim 
final intellectual or moral authority, given the neces- 
sarily disputable nature of all accounts of the indepen- 
dent moral status of the fetus. 


The response of obstetric ethics 


Obstetric ethics need not be paralyzed, however, be- 
cause it does not need an account of the independent 
moral status of the fetus. This is because obstetric ethics 
asks a different question: When is the fetus a patient? 
This question is not about the independent moral status 
of the fetus. Instead it is a question about the dependent 
moral status of the fetus; that is, the moral status of 
the fetus is a function of whether the fetus always has 
the moral status of being a patient. It is not a function 
of some intrinsic property of the fetus, e.g., being a 
human being or being unique genetically. Obstetric eth- 
ics is competent to address the question of whether the 
fetus is always a patient. , 

We shall argue the following: When the fetus is not 
a patient, the response of obstetricians to the abortion 
controversy is clear. Pregnant women in consultation 
with their obstetricians should be permitted to make 
their own decisions for or against the moral status of 
the fetus and therefore about abortion. However, when 
the fetus is a patient, the response of obstetric ethics to 
the abortion controversy is that this freedom sometimes 
can be justifiably limited. 

The distinctive advantage of obstetric ethics is that it 
can answer the question, “When is the fetus a patient?” 
on secular, philosophical grounds. Theological sectar- 
ian grounds cannot be invoked at this stage of inquiry 
because obstetric ethics is secular in character for two 
reasons. First, medicine as a social institution rests on 
secular intellectual foundations, the biomedical sci- 
ences, and a secular social sanction, licensure by the 
state. These are factual matters about the development 
of medicine in America. Second, as Engelhardt" has 
convincingly argued, (1) only a secular approach to 
medical ethics (of which obstetric, ethics is a subspe- 
cialty) is adequate in a pluralistic society and (2) only 
philosophical methods are capable of articulating sec- 
ular medical ethics in a pluralistic society. No theolog- 
ical approach can satisfy these two criteria. 

Accounts of the independent moral status of the fetus 
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are all based on claims about the beginning of fetal de- 
velopment, e.g., the “moment” of conception, or when 
twinning becomes impossible.’ Because such accounts 
are all disputable, we anchor the continuum of ethical 
obligations to the fetus as a patient at the end of the 
continuum of human development. This is when in- 
dependent moral status is not disputable, namely, when 
human beings become persons. Persons, in the philo- 
sophical (not legal) sense of the word, are rational, self- 
conscious entities that are ends in themselves. As such, 
they independently generate their own moral status in 
an unambiguous fashion. Such moral status also gen- 
erates a person’s rights and autonomy-based obligations 
to other persons. The biologically and socially sufficient 
conditions for becoming a person probably occur some- 
time during the latter half of, or shortly after, the neo- 
natal period. Engelhardt’s is perhaps the most thor- 
ough exposition of the implications of respect for per- 
sons for bioethics." However, that persons generate 
their own independent moral status is a commonly ac- 
cepted view in ethical theory. 

Persons can become patients when they consent to 
do so. Pregnant women can become patients, therefore, 
when they consent to do so. However, one need not be 
a person to be a patient, as is plainly the case in neonatal 
medicine. This is because in medical ethics the physi- 
cian can have beneficence-based obligations to human 
beings independently of whether they are persons. 
These obligations derive from the physician’s role as a 
care giver and exist when it is reasonable to seek those 
human goods that medicine as a social institution is 
competent to achieve. These goods are the prevention 
of premature or unnecessary death and the prevention, 
cure, or amelioration of disease, injury, handicap, and 
unnecessary pain and suffering. Medicine’s compe- 
tence in this respect is a function of biomedical knowl- 
edge, clinical skills, and technical capacity.° . 

This line of reasoning applies to the question, “When 
is the fetus a patient?” in the following way. We un- 
derstand the viability of a fetus to mean that it can 
survive delivery into the neonatal period and infancy, 
given appropriate biologic potential and the availability 
of biomedical interventions applied under the test of 
reasonableness, explained below. Viability thus has eth- 
ical significance because the viable fetus can become a 
person. Because viability involves both biologic poten- 
tial and technologic capacity,” itis not an intrinsic prop- 
erty of the fetus but acquires its ethical significance in 
terms of the end point of the continuum of develop- 
ment into a person. Viability thus concerns the depen- 
dent moral status of the fetus. Moreover, viability will 
depend on the expertise of the medical community 
caring for a particular patient, on inherent variability 
of fetal maturation, and intrinsic uncertainties in the — 
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determination of fetal gestational age. Hence it is not 
possible to establish a universal cutoff date for gesta- 
tional age. 

In medical ethics there is a beneficence-based obli- 
gation to intervene to prevent the death of a human 
being when it is possible and reasonable to do so. It 1s 
possible to co so when the human being in question is 
accessible to the physician for the purposes of applying 
clinical interventions. It is reasonable to do so when the 
attempt to intervene to prevent death does not involve 
overly burdensome risks of morbidity and mortality 
and is expected to result in net benefit. 

The viability of the fetus means that it is accessible 
to the physician to become a patient, as a function of 
biomedical knowledge, clinical skills, and technologic 
capacity. Hence the physician has a beneficience-based 
obligation to intervene on behalf of the viable fetus, 
when it is reasonable to do so.” 

There are two limits on this obligation. The first in- 
volves obligations owed to the pregnant woman.’ The 
second involves the likelihood that the end point of the 
continuum of human development can be achieved; 
that is, the ethical implications of viability for the weight 
of the physician’s and the pregnant woman’s actual 
beneficence-based obligations to the fetus as a patient 
in particular cases are variable. 

For some fetuses there is the high probability of di- 
agnosis of an anomaly that will result with a very high 
probability in death as an outcome or survival with a 
very high probability of irreversible and severe cogni- 
tive developmental deficit. The beneficence-based ob- 
ligations to intervene to prevent death for such fetuses 
are minimal. Minimal beneficence-based obligations are 
consistent with nonaggressive management of the preg- 
nancy but not its termination, because direct killing 
violates minimal beneficence-based obligations to pre- 
vent the fetus’ death because the woman has implicitly 
accepted such obligations by taking her pregnancy to 
viability.’ 

Some fetuses have a prognosis of expected survival 
with no, or manageable, deficit of cognitive develop- 
mental capacitv. Beneficence-based obligations to such 
fetuses are more than minimal. The test for overriding 
more than minimal beneficence-based obligations to the 
fetus is more demanding, especially when there is no 
maternal indication for not completing the preg- 
nancy.'* The justification for this view is that abortion 
does not prevent significant health risks to the pregnant 
woman and, by taking her pregnancy beyond viability, 
she has implicitly accepted an obligation to accept the 
normal risks or childbirth.'* Thus there are circum- 
stances when etnical obligations to the fetus as a patient 
can legitimately take precedence over the woman’s in- 
tentions regarding her pregnancy. 
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This precedence is not absolute, however, because 
there may be reasonable exceptions. This is because 
pregnancy can very rarely pose unreasonable risks to 
the woman’s life or health after fetal viability, risks that 
she is not ethically obligated to accept. Hence she 
should be free to determine the disposition of her preg- 
nancy when it poses significant risks of serious mor- 
bidity (e.g., stroke or blindness) or mortality to her. In 
such cases, if the woman were to decide to terminate 
the pregnancy, every effort should be made to minimize 
fetal morbidity and mortality, because the fetus remains 
a patient. 

Some third-trimester fetuses are not viable because 
of lethal anomalies; they are therefore not patients, and 
no beneficence-based obligations are owed to them to 
intervene to prevent an inevitable death. This is the 
case when the diagnosis ts certain and when there is 
certainty of death as the outcome of the anomaly di- 
agnosed or, in cases of short-term survival, certainty of 
the absence of cognitive developmental capacity.'* © 
Abortion of nonviable third-trimester fetuses (i.e., pre- 
mature termination of pregnancy) is ethically permis- 
sible because there are no beneficence-based obligations 
to the fetus to prevent death on the part of the pregnant 
woman or physician.’ Abortion of such fetuses is jus- 
tified therefore when the pregnant woman consents to 
it. 

No link can be established between the previable fe- 
tus and the end point of the continuum of human de- 
velopment via biomedical technologic capacity. This is 
simply what previable means. The only possible remain- 
ing link is the pregnant woman’s choice about the dis- 
position of her pregnancy. However, because that link 
is solely a function of her autonomous choice, the preg- 
nant woman is under no ethical obligation to regard 
the previable fetus as a patient. The physician is there- 
fore under no such obligation for the same reason. 
Thus, before viability, a pregnant woman is free to 
withhold, confer, or, having once conferred, withdraw 
the status of being a patient from the fetus. In other 
words, for secular obstetric ethics, the abortion contro- 
versy regarding previable fetuses is resolved for phy- 
sicians by the autonomous decision of the woman re- 
garding her pregnancy and the dependent moral status 
of the fetus as a patient. 

There is in the literature on obstetric ethics an ap- 
proach that holds that all of obstetric ethics is essentially 
a function of the pregnant woman’s autonomy.” ” On 
this approach, the distinction among viable, nonviable, 
and previable fetuses would be ethically insignificant. 
From this it would follow that the pregnant woman is 
free to withhold, confer, or, once having conferred, - 
withdraw the status of being a patient from the fetus 
throughout pregnancy. With respect to previable and 
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nonviable fetuses, therefore, this approach to obstetric 
ethics and ours are in agreement on the response of 
obstetric ethics to the abortion controversy. 

Some might object at this point that physicians have 
an obligation not to be an agent of harm to the previable 
fetus, independently of what a pregnant woman may 
choose; that is, the principle of primum non nocere, or 
nonmaleficence,? may be violated. We have two re- 
sponses to this objection. First, primum non nocere is nei- 
ther an absolute nor, indeed, a first principle of medical 
ethics in general or of obstetric ethics in particular. 
Instead, nonmaleficence is secondary to beneficence.* 
Second, even if primum non nocere were admitted as a 
primary consideration, it would only show that a phy- 
sician should not harm a patient. It cannot be invoked 
to show that a biologic human being tis a patient. The 
principle of beneficence cannot be used for this pur- 
pose either. Human beings become patients when they 
become accessible to physicians for the purposes of ap- 
plying reasonable clinical interventions, which is not the 
case for previable or nonviable fetuses. 

In summary, the response of obstetric ethics to the 
abortion controversy is the following. The abortion of 
previable fetuses, the central focus of the abortion con- 
troversy because. virtually all abortions are performed 
before viability, involves no violation of the principles 
of secular obstetric ethics. Neither does the abortion of 
nonviable third-trimester fetuses, those with lethal 
anomalies. In both cases abortion does not involve vi- 
olation of beneficence-based obligations. Primum non 
nocere is not violated either. In our view the abortion 
of viable fetuses to which minimal and more than min- 
imal beneficence-based obligations are owed is not eth- 
ically justifiable, with the exceptions of the woman’s 
decision to give precedence to her own life or to prevent 
significant health risks she is not obligated to accept." 


The abortion controversy and the distinction 
between professional and private conscience 


Secular obstetric ethics generates the ethical obliga- 
tions that an obstetrician as a health care professional 
has to patients. Secular obstetric ethics transcends dif- 
ferences of private morality because it binds the con- 
duct of all obstetricians, as obstetricians. Obstetricians, 
however, also have private consciences, which are 
shaped by the private morality of each individual. Pri- 
vate morality is a function of such individual factors as 
personal experience, family upbringing, and religious 
tradition. In contrast to professional conscience, private 
conscience is variable because of the striking hetereo- 
geneity of the sources of private conscience. Profes- 
- sional conscience governs the response to the abortion 
controversy of the obstetrician as a professional person 
bound by the obligations of a professional role. Private 
conscience cannot bear on the professional role but 
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governs only the obstetrician’s responses in his or her 
nonmedical roles of lay person and private citizen. 

Professional conscience governs the obstetrician’s ob- 
ligations to his or her patient. Private conscience gov- 
erns whether continuing to serve as an obstetrician to 
a particular patient obligates the physician to act in such 
a way as to produce intolerable burdens on his or her 
private moral convictions, values, and beliefs, including 
those of theological origin. Respect for the integrity of 
the private conscience of each individual obstetrician 
means that some human beings justifiably cannot be- 
come, or can cease for particular purposes to be, pa- 
tients of a particular obstetrician. Thus, asserting re- 
spect for autonomy in the form of respect for the moral 
convictions, including religious convictions, of private 
conscience can sometimes be a legitimate ethical claim 
on the part of the obstetricians; that is, secular obstetric 
ethics underscores the legitimate role of religious belief 
in the formation of the private conscience of the ob- 
stetrician. 

There are important limits on such a claim. Matters 
of private conscience do not govern the physician’s re- 
sponse to the abortion controversy in obstetric ethics, 
only the morality of abortion in one’s private moral life, 
i.e., in terms of one’s response to one’s roles other than 
that of being an obstetrician. Thus, on the basis of 
private conscience, one has no intellectual license to 
judge the morality of pregnant women who contem- 
plate termination or continuation of their pregnancies 
or to judge adversely behavior of colleagues that is con- 
sistent with secular obstetric ethics as explained in the 
preceding section. Private conscience justifies only with- 
drawing from particular cases. When withdrawal is un- 
dertaken, professional conscience requires that the 
physician see to it that the pregnant woman’s care is 
transferred in an orderly and safe manner to a col- 
league whose private conscience is not violated by the 
pregnant woman’s decisions. No judgments about the 
morality of those decisions should be expressed to the 
pregnant woman, for whom the obstetrician acts ex- 
clusively in the role of physician, not a private person. 

While private-conscience-based moral objections to a 
pregnant woman’s decision should never be used to 
judge her, it does not follow that physicians as citizens 
have no freedom to add their private-conscience-based 
views on the morality of abortion to the ongoing public 
debates about abortion and public policy in our country. 
In doing so, however, when they invoke their profes- 
sional mantle, their contribution must be governed in 
its moral content by secular obstetric ethics. Otherwise, 
obstetricians can join the political fray as interested lay 
persons or citizens, with no special or authoritative per- 
spective as obstetricians on the abortion controversy. 
When obstetricians contribute as obstetricians to public 
debate on any topic, they are constrained by secular 
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medical ethics and its response to the question, “When 
is the fetus a patient?” 


Implications for obstetric residency programs 


The preceding has important implications for ob- 
stetric residency programs. We, like many others, have 
heard anecdotal reports that applicants to some resi- 
dency programs sometimes learn, in one way or an- 
other, that all residents in those programs are required 
to perform abortions. We have inquired of the Amer- 
ican College of Obstetricians and Gynecologists and the 
Council on Residency Education in Obstetrics and Gy- 
necology for data on this subject, and we were told that 
no data have been collected. 

Such an educational policy raises troubling ethical 
issues because it denies the integrity of private con- 
science and misinterprets secular obstetric ethics and 
its implications for professional conscience. As to the 
latter, all that obstetric ethics can show is that, when 
the fetus is rot a patient, a pregnant woman possesses 
unrestricted freedom regarding the disposition of the 
pregnancy. Obstetric ethics does not show therefore 
that every obstetrician should carry out a pregnant 
woman's request for an abortion, because doing so may 
violate private conscience in some cases. Any educa- 
tional program that requires all residents to perform 
abortions rests on a misunderstanding of the limits of 
professional conscience. ‘That such a policy could un- 
justifiably violate private conscience is therefore plain. 

This is different from the case that, on the basis of 
the religious craditions of the sponsoring institution, a 
residency pragram prohibits residents from being in- 
volved in performing abortions at that institution. This 
is because there is a well-established tradition in our 
society that religious institutions have the right to pro- 
tect the integrity of their traditions so long as no harm 
befalls innocent, nonconsenting human beings. Be- 
cause such a policy does not tell residents what to be- 
lieve as a matter of private conscience, because such a 
policy is consistent with the limits of obstetric ethics, 
and when such a policy does not eliminate access to 
abortion in a community, it is ethically justified. 

We are fully cognizant of the possibility of abuse of 
a policy that permits exceptions on the grounds of pri- 
vate conscience. The best remedy to prevent such abuse 
is (1) to require residents to document the basis of their 
objections to performing abortions in a rigorous way, 
analogous to the requirement imposed on citizens who 
seek conscientious objector status regarding military 
service, and (2) to define clearly the additional duties 
expected of residents in lieu of not performing abor- 
tions. 
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Comment 


The abortion controversy in our country will not 
disappear. It seems to intensify with each new 
United States Supreme Court ruling and actions of state 
legislatures and governors on the subject. Obstetric eth- 
ics, precisely because of its secular character, equips 
physicians to respond to this ongoing controversy in 
the disciplined, reasoned fashion expected of members 
of a learned profession. By submitting to the intellec- 
tual discipline of secular obstetric ethics, physicians can 
act to prevent the divisiveness of the abortion contro- 
versy from extending to the medical profession. 
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Interleukin-18, human leukocyte antigen HLA-DRa, and 
transforming growth factor-B expression in endometrium, 


placenta, and placental membranes 


Scott Kauma, MD, Dennis Matt, PhD, Stephen Strom, PhD, David Eierman, PhD, and 
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Maternal immune recognition of the fetal semiallograft appears to be necessary and beneficial for fetal 
survival and growth. Interleukin-18 and human leukocyte antigen HLA-DR are important for foreign antigen 
recognition by the immune system, whereas transforming growth factor-B inhibits many of ihe 
immunostimulatory properties of interleukin-1B. In this study we found that first-trimester decidua and term 
placental membranes expressed signijicantly higher levels of interleukin-18, interleukin-18 messenger 
ribonucleic acid, and human leukocyte antigen HLA-DRa messenger ribonucleic acid than proliferative and 
secretory endometrium. Fetal placenta had little, if any, interleukin-18, interleukin-18 messenger 
ribonucleic acid, or human leukocyte antigen HLA-DRa messenger ribonucleic acid expression. All tissues 
found at the maternal-fetal interface, including first-trimester decidua, placenta, and placental membranes, 
contained transforming growth facior-B and expressed transforming growth factor-B, messenger ribonucleic 
acid. On the basis of these findings, we suggest that the increase in decidual interleukin-18 and human 
leukocyte antigen HLA-DRa during pregnancy may be involved in maternal recognition of the fetal 
semiallograft and that transforming growth factor-B production may regulate the local maternal immune 
response and prevent rejection of the fetus. (Am J Osstet GynecoL 1990;163:1430-7,) 


Key words: Interleukin-18, human leukocyte antigen HLA-DRa, transforming growth 


factor-B, endometrium, placenta 


Maternal immunologic recognition of the developing 
fetal semiallograft is a normal physiologic response 
during pregnancy and may be important for fetal sur- 
vival.’ Several studies have concluded that certain cases 
of habitual miscarriage are a result of inadequate ma- 
ternal immune recognition of a fetus whose paternal 
human leukocyte antigen complement too closely re- 
sembles that of the mother.” Maternal decidua, which 
is in direct contact with fetal trophoblast, contains a 
relatively large number of macrophages and lympho- 
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cytes.“ These cell types are capable of complex immu- 
nologic interactions, including allograft recognition, 
which is mediated in part by various cytokines and the 
major histocompatibility cell surface antigens. Conse- 
quently, the regulation of cytokine production and 
major histocompatibility antigen expression at the 
maternal-fetal interface may play an important role in 
maternal immunologic recognition of the fetus and its 
subsequent survival. 

Interleukin-1 (IL-1) is an immunoregulatory protein 
whose biologic properties include stimulation of T-cell 
cytokine production, T- and B-cell proliferation, and 
foreign antigen recognition. There are two forms of 
IL-1, IL-la and IL-18, which have identical biologic 
activities but are distinctly separate peptides encoded 
by separate genes. Although the in vivo expression of 
IL-1 has not been demonstrated for normal endome- 
trium and decidua, it has been reported that term de- 
cidua in vitro can produce IL-la and, to a lesser extent, 
IL-IB in response to bacterial endotoxin.” 

HLA-DR is a major histocompatibility type II cell 
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surface antigen found mainly on activated lymphocytes 
and cells of monocyte-macrophage lineage. Antigen- 
presenting cells, many of which are tissue macrophages, 
couple foreign antigens to HLA-DR and then exter- 
nalize the immune complex to the cytoplasmic mem- 
brane where it is recognized by T and B lymphocytes.’ 
The presence of HLA-DR—bearing cells in decidua has 
been demonstrated by immunohistochemistry.* Both 
HLA-DR and IL-I expression are important for effec- 
tive foreign antigen recognition and subsequent lym- 
phocyte activation and proliferation.’ 

Although some degree of maternal immune recog- 
nition of the fetus occurs during pregnancy, regulation 
of the local maternal immune response may be nec- 
essary to prevent immune rejection of the fetus. Trans- 
forming growth factor-B (TGF-B) is a multifunctional 
peptide with potent immunosuppresive activities in- 
cluding inhibition of IL-1B—induced lymphocyte pro- 
liferation,® lymphokine-activated killer cell activity,’ cy- 
totoxic T-celt activity, natural killer cell activity,” and 
macrophage cytotoxicity." Although both TGF-B* and 
TGF-6” messenger ribonucleic acid (mRNA) have been 
isolated from term placenta, the role of TGF-B in the 
immunoregulation of the maternal-fetal allograft is 
largely unexplored. 

Because IL-18, HLA-DR and TGF-8 are important 
immunoregulatory peptides that may play a role in the 
local maternal immune response to the fetus, this study 
was designed to characterize the expression of these 
peptides in tissues found at the maternal-fetal interface 
during the course of the normal menstrual cycle and 
during pregnancy. 


Material and methods 


Tissue samples for this study were obtained from 
women undergoing elective pregnancy termination by 
curettage (n = 17), from women with normal cycles 
undergoing hysterectomy for benign conditions (leio- 
myomas, nine cases; endometriosis, three, pelvic pain 
or endometritis, one), and from nonlaboring, uncom- 
plicated repeat term cesarean sections (n = 5). Written 
consent from the patient and approval by the Institu- 
tional Committee on the Right of Human Subjects were 
obtained before collection of any tissue samples for this 
study. Placenta and decidualized endometrium from 
pregnancy terminations were suspended in normal sa- 
line solution, washed free of blood, separated under 
low-power magnification, and frozen in liquid nitrogen 
within 10 minutes of surgical removal and then stored 
at — 80°C. Endometrium from hysterectomy specimens 
was scraped from the uterine wall with a scalpel. Within 
15 minutes of delivery, term placental membranes and 
term placental villi dissected free from the decidua 
basalis were washed in normal saline solution to re- 
move contaminating blood. These tissues were im- 
mediately frozen in liquid nitrogen and stored at 
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— 80° C. A small portion of the endometrial sample 
from each hysterectomy specimen was formalin fixed 
and paraffin embedded; thin sections were stained with 
hematoxylin and eosin for dating according to the 
method of Noyes et al. Pregnancy dating was based 
on a reliable date of the last menstrual period combined 
with uterine size, ultrasonographic examination, or 
both of the latter methods. 

Northern blot analysis of IL-18, HLA-DRa, and 
TGF-fB,. Total ribonucleic acid (RNA) was isolated 
from the samples by acid guanidinium thiocyanate- 
phenol-chloroform extraction according to the method 
of Chomczynski et al. with the following modification. 
After the final total RNA pellet was dissolved in 
diethylprocarbonate—treated water, the RNA was fur- 
ther purified by phenol-chloroform extraction followed 
by chloroform extraction. The RNA was then precip- 
itated with ethanol and pelleted by centrifugation. The 
final RNA pellet was dissolved in diethylprocarbonate— 
treated water and the total RNA concentration 
determined by absorption spectrophotometry at 
260 nm. 

Total RNA (30 wg) was fractionated by electropho- 
resis in a denaturing formaldehyde 1% agarose gel in 
MOPS buffer (0.04 mol/L morpholinopropanesulfonic 
acid, 10 mmol/L sodium acetate, 1 mmol/L ethylene- 
diaminetetraacetic acid, pH 7.0). The integrity and 
identical quantity of each RNA sample was ensured by 
staining the gel with ethidium bromide and visualizing 
the gel under ultraviolet transillumination. The RNA 
was transferred to nitrocellulose by capillary diffusion 
with 20x saline—sodium citrate buffer (SSC) (3 mol/L 
sodium chloride, 0.3 mol/L sodium citrate, pH 7.0) and 
then baked at 80° C under vacuum for 2 hours. Pre- 
hybridization of the filter was performed with hybrid- 
ization solution (50% formamide, 0.1% bovine serum 
albumin, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 0.1% 
sodium dodecyl sulfate, 0.1 mol/L sodium phosphate, 
100 pg/ml sheared salmon sperm DNA, 0.75 mol/L 
sodium chloride, 0.75 mmol/L sodium citrate, pH 7.0) 
for 1 hour at 42° C. The filters were hybridized with 
1 x 10° cpm/ml denatured phosphate 32 deoxycyti- 
dine triphosphate (?P-dCTP)—labeled IL-1B or HLA- 
DRa, complementary DNA probes in hybridization so- 
lution at 42° C for 16 to 24 hours. Posthybridization 
washes were performed in 4x SSC, and finally 0.1x SSC 
(containing 0.02 mol/L sodium phosphate, 0.1% so- 
dium dodecyl sulfate, pH 6.4) for 30 minutes each at 
56° C. TGF-B was‘similarly hybridized and washed ex- 
cept that the hybridization temperature was 56° C and 
the posthybridization wash temperature was 65° C. The 
nitrocellulose filters were then exposed to Kodak XAR 
radiographic film (Eastman Kodak, Rochester, N.Y.) 
with intensifying screens at — 80° C. 

A 1.4 kb EcoRI cut complementary. DNA insert spe- 
cific for human interleukin-1B (S. Haskill, PhD, De- 
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Fig. 1. The logit-log graph of the standard curve for IL-18 
(A). To validate the assay, a placental membrane sample was 
serially diluted (©) in a separate set of experiments and 240 
or 1000 pg of standard IL-18 was added to a placental sample 
(©) and compared with the standard curve. 


partment of Obstetrics and Gynecology, University of 
North Carolina, Chapel Hill), a 3.1 kb EcoRI cut 
genomic clone specific for HLA-DR1 (S. Weissman, 
MD, Department of Human Genetics, Yale University, 
New Haven, Conn.) and a 1.05’ kb EcoRI cut insert 
specific for human TGF-B, (R. Derysnck, PhD, Genen- 
tech, Inc., San Francisco) were used as probes in this 
study. These specific complementary DNA inserts 
were radiolabeled with **P-dCTP by random prime 
oligonucleotide labeling (Pharmacia Oligo Labeling 
kit, Pharmacia LKB Biotechnologies, Inc., Piscataway, 
N.J.). The relative expression of IL-18, HLA-DRa, and 
TGF-B,; mRNA was determined by densitometric anal- 
ysis of the autoradiograms. Statistical analysis was per- 
formed with analysis of variance. 

IL-18 radioimmunoassay (RIA). To measure IL- 
18 protein in endometrium, placenta, and placental 
membranes, 250 mg of tissue was homogenized in 
1 ml of phosphate-buffered saline solution pH 7.4 
that contained 0.8% 3-[(3-cholamidopropyl)dimethyl- 
ammonio]l-propanesulfonate, 10 mmol/L phenylme- 
thylsulfonyl fluoride, and 1 mmol/L leupeptin (extract 
buffer). The samples were centrifuged at 12,000 g for 
45 minutes at 4° C and the supernatant recovered for 
IL-IB and total protein determination. Total protein 
concentration in the supernate was determined in du- 
plicate by means of a standard protein assay (Bio-Rad 
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protein assay, Bio-Rad Laboratories, Richmond, Calif.). 
IL-18 concentration was determined in the supernate 
by RIA and expressed as picograms of IL-18 per mil- 
ligram of total protein. All samples that contained less 
than the detectable amount of IL-18 in the assay (50 
pg/ 100 wl) were assigned the minimal detectable value 
of 50 pg/ 100 pl sample, and expressed as picograms of 
IL-IB per milligram of total protein. 

The IL-18 RIA used in this study was developed with 
commercially available reagents, The samples (100 wl) 
in duplicate and human recombinant IL-18 standards 
(R and D Systems, Inc., Minneapolis) were incubated 
with 0.35 pg/ml rabbit anuhuman IL-18 IgG (R and 
D Systems) for 24 hours at 4° C in a total volume of 
400 ul of phosphate-buffered saline solution with 0.5% 
bovine serum albumin, pH 7.4. The samples were tren 
incubated with 100 pl (10,000 cpm, 1000 Ci/mmol) of 
the iodine 125-—labeled human recombinant IL-1B 
(Amersham Corp., Arlington Heights, Ill.) for an ad- 
ditional 24 hours at 4° C. The samples were ther. in- 
cubated with 10C wl of a 1: 10 dilution of antirabbit 
IgG agarose in phosphate-buffered saline solution 
(Sigma Chemical Company, St. Louis) for 2 hours at 
room temperature with constant shaking. The bound 
counts were pelleted by centrifugation with the addi- 
tion of | ml ofa 0.125% solution of crystobalite (Manvill 
Company, Denver) to help maintain pellet integrity. 
The supernatant was removed and each pellet was 
counted in a y-counter. To validate the assay, samples 
that were either serially diluted or to which known 
amounts of the IL-18 standard were added were com- 
pared with the standard curve to demonstrate appro- 
priate parallelism (Fig. 1). The intraassay coefficient of 
variability was <10%, and all samples of this study were 
run in the same assay to eliminate interassay variability. 
Statistical analysis was performed with analysis of 
variance. 

Characterization of tissue-extractable TGF-B. TGF- 
B—like bioactivity was extracted from first-trimester 
gestational endometrium, first-trimester placenta, term 
placenta, and term placental membranes as previously 
described.'® Briefly, 10 gm of tissue was homogenized 
in concentrated hydrochloric acid/95% ethanol (1:50) 
and then incubated at 4° C for 24 hours. The homog- 
enate was centrifuged and the supernate was then re- 
covered and precipitated overnight at 4° C with the 
addition of ethanol and ethyl ether. The resulting pre- 
cipitate was dissolved in 1 mol/L acetic acid and clar- 
ified by centrifugation; the supernate was then lyoph- 
ilized. The lyophilized extract was dissolved in 2 ml of 
1 mol/L acetic acid and applied to a 36 x 2.5 cm Bio 
Gel P-60 column (Bio-Rad Laboratories, Richmond, 
Calif.) equilibrated in 1 mol/L acetic acid. The column 
was eluted with a 1 mol/L acetic acid at 12 ml/hour 
collecting 3 ml fractions. A portion (500 wl) of each 


Volume 163 
Number 5, Part | 


PROLIFERATIVE 


SECRETORY (day) 


Cytokines in pregnancy 1433 


ENDOMETRIUM 


GESTATIONAL (weeks) 


| liz ig 22 23 23 24 26lls $ 10 H i B te | 


IL-8 








Fig. 2. Northern blot of proliferative, secretory, and decidualized gestational endometrium for 


IL-1B, HLA-DRa, and TGF-8). 
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Fig. 3. First-trimester decidua and term placental membranes contain significantly more extractable 
immunoreactive IL-16 protein (p < 0.004) than proliferative endometrium (nondetectable samples, 
four) and secretory endometrium (nondetectable samples, one), first-trimester placenta (nonde- 
tectable samples, five), and term placenta (nondetectable samples, five). Closed bars represent the 


mean levels + SEM of IL-18 for each group. 


column fraction in duplicate was then lyophilized and 
finally dissolved in 50 pl of 0.01 mol/L hydrochloric 
acid and used for the TGF-8 assay. The tissue extract 
column fractions were examined for the presence of 
TGF-B8-—like bioactivity by the anchorage independent 
growth asszy of normal rat kidney cells (clone 49F)."’ 
The normal rat kidney cell growth conditions consisted 
of two layers of media containing agar in 35 x 10 mm 
culture dishes (Falcon, Becton-Dickinson, Cockeysville, 
Md.). The bottom layer consisted of 0.6% Bacto-agar 
(Difco Laboratories, Detroit), 5% fetal calf serum 
(Gibco, Grand Island, N.Y.), 4 ng/ml epidermal growth 
factor (Collaborative Research, Inc., Bedford, Mass.), 
and 50 pg/ml gentamicin sulfate (Sigma) in 1 ml Dul- 
becco’s modification of Eagle medium (Gibco). The top 
layer was identical to the bottom layer except for a lower 
Bacto-agar concentration of 0.4% and the addition of 


3 x 10° normal rat kidney cells and 50 wl of the frac- 
tionated tissue extracts of TGF-8 standards (R and D 
Systems). The plates were then incubated at 37° C in a 
humidified 95% air/5% carbon dioxide incubator. Af- 
ter 14 days of growth colonies 100 pm or larger were 
counted and scored. The number of colonies that grew 
in the fraction sample group were compared with the 
number of colonies that grew with use of the porcine 
TGF-B standards and were reported as TGF-B equiv- 
alents per fraction. 


Results 


The IL-18 complementary DNA probe hybridized 
with a 1.8 kb mRNA species found in decidualized en- 
dometrium and term placental membranes. IL-1B 
mRNA expression was found to be increased twenty- 
fold (p < 0.006) in a decidualized endcmetrium from 
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Fig. 4. Northern blot of first-trimester decidua, prseter placenta, term placenta, and. term 
placental membranes for IL-18, HLA- DRa, pane TGF-B). ; 
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Fig. 5. TGF-B bioactivity found in Bio-gel P-60 column fractions of acid-ethanol extractable protein 
from decidua (@), first-trimester placenta (A), term placental membranes (0), and term placénta (A). 
The column was calibrated with bovine. serum albumin (60,000 molecular weight) (A), chymotryp- 
‘sinogen (27, 000 molecular weight). (B); and lysozyme (14,000. molecular Weigh (C). One TGF-B 


equivalent i is equal to | ng of porcine platelet TGF-B standard. 


first-trimester pregnancies when compared with en- 
dometrium from the normal. menstrual -cycle (Fig. 2). 


Except for a single proliferative endometrial sample _ 


that had histologic evidence of endometritis, IL-18 
mRNA expression first appeared in secretory endo- 
metrium. beginning on cycle day 23. All later secretory 
and gestational decidualized endometrial samples dem- 
onstrated IL-18 mRNA expression. Tissue-extractable 
IL-18 in decidualized gestational endometrium: (410 
pg/mg total protein) was 7.5-fold (p < 0.004) greater 
than in proliferative endometrium. and secretory én- 
dometrium (Fig. 3). Term placental membranes, which 
contain fetal amnion, fetal cytotrophoblast (chorion), 
and maternal decidualized endometrium, had slightly 


higher levels of tissue-extractable IL-18 (510. pg/ mg 


total protein) and significantly higher (sevenfold, p < 


0.001) expression of IL-18 mRNA when compared with 
first-trimester gestational endometrium (Figs. 3 and 4). » 
Although maternal gestational decidualized endome- 
trium expressed high levels of IL-1, fetal first- 
trimester and term placenta expressed little, if any,- 
IL-18 protein or IL-18 mRNA (Figs. 3 and 4). - 

The HLA-DRa ‘probe hybridized with a 1.6 kb 
mRNA species found in both maternal and fetal tissues. 
The relative change in expression of HLA-DRa in en- 
dometrium was similar to IL-18 (Fig. 2). HLA-DRa 


. mRNA expression. was increased threefold (p < 0.02) 


in gestational endometrium when compared with pro- 
liferative and secretory endometrium. However, unlike 
IL-IB mRNA expression in endometrium,-HLA-DRa 
was also expressed at low levels in most proliferative 
and secretory endometrial samples. Term placental 
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membranes expressed slightly higher levels of HLA- 
DRa mRNA when compared with gestational deci- 
dualized endometrium and term placenta, whereas 
first-trimester placenta had little, if any, HLA-DRa 
expression (Fig. 4). 

Because immune rejection of an allograft is associ- 
ated with an increase in local tissue expression of both 
IL-18 and HLA-DR," we looked for the presence of 
the potent immunosuppressive peptide, TGF-f, in the 
tissues of the maternal-fetal interface. The TGF-6; 
probe hybridized with a 2.5 kb mRNA species found 
in both maternal and fetal tissues. TGF-8, mRNA 
expression was increased fivefold (p < 0.003) in ges- 
tational decicualized endometrium compared with pro- 
liferative endometrium and 2.5-fold (p < 0.002) com- 
pared with secretory endometrium (Fig. 2). Term pla- 
cental membranes, term placenta, and first-trimester 
placenta expressed higher levels of TGF-8, mRNA 
when compared with gestational decidualized endo- 
metrium (Fig. 3). TGF-B—like bioactivity was detected 
by normal rat kidney colony formation in soft agar in 
gestational decidualized endometrium, term placental 
membranes, and first-trimester and term placenta. Size 
exclusion chromatography of acid-ethanol extracted 
proteins resulted in a single broad peak of TGF-B—like 
bioactivity at approximately 15,000 to 27,000 kd 
(Fig. 5). Previous studies have shown that under the 
conditions used TGF-8 elutes at a somewhat smaller 
molecular weight than its true molecular weight of 
25,000 kd.’* Term placenta and term placental mem- 
branes had approximately 10 to 20 times more extract- 
able TFG-B8 bioactivity than did first-trimester deci- 
dualized endometrium and term placenta (Fig. 4). Ex- 
tractable TGF-B bioactivity was not determined in 
endometrium from the normal menstrual cycle because 
of the limited amount of tissue available for this study. 


Comment 


These findings indicate that IL-18 is produced by 
gestational decidualized endometrium and placental 
membranes that contain maternal decidua parietalis 
during the ncrmal course of pregnancy. Both immu- 
noreactive IL-18 and IL-8 mRNA levels in endome- 
trium rose significantly during early pregnancy com- 
pared with the normal menstrual cycle, suggesting tran- 
scriptional regulation of the production if IL-1 in this 
tissue. Endometrial IL-1®8 mRNA expression during 
the normal menstrual cycle first appeared in secretory 
endometrium beginning on histologic cycle day 23, ex- 
- cept for a single proliferative endometrium sample that 
had evidence of endometritis. Because the process of 
endometrial decidualization first begins on day 23 of 
the menstrual cycle,“ IL-1B may be produced by de- 
cidual cells of the endometrial stroma or by the in- 
creased numbers of macrophages seen in decidualized 
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endometrium.’ Unlike maternal decidua, fetal placenta 
does not produce IL-18. These findings were unex- 
pected since previous studies have shown that placental 
tissue explants and isolated cytotrophoblast produce 
bioactive IL-1 in vitro. *° It is possible that placenta 
has the potential to produce IL-1 in vitro given appro- 
priate stimulation, such as adherence to plastic or endo- 
toxin contamination of culture media.’ Another pos- 
sibility is that placenta may produce IL-la and not 
IL-18. IL-la would not be measurable in our IL-1B 
radioimmunoassay or by our Northern blot analysis. 
However, IL-la has the same biologic activities as 
IL-1 and consequently would be detectable in an 
IL-1 bioassay. Radioimmunoassay and Northern blot 
analysis of fresh placenta for IL-la will be necessary to 
determine if placenta normally produces this peptide 
in vivo. 

The expression of HLA-DRa, similar to IL-18, also 
increased in decidualized endometrium during early 
pregnancy when compared with endometrium from 
the menstrual cycle. HLA-DR is composed of an a- 
subunit and a B-subunit. Because the HLA-DRea sub- 
unit has limited polymorphism among most individu- 
als, unlike the highly polymorphic HLA-DRB subunit, 
HLA-DRa can be used as a measure of relative HLA- 
DR expression. These findings are consistent with im- 
munohistochemical localization studies demonstrating 
an increase in the proportion of HLA-DR—labeled cells 
in decidua from early pregnancy compared with nor- 
mal endometrium from the menstrual cycle.’ It is un- 
clear from this study and previous investigations 
whether increased HLA-DR expression in decidual- 


- ized endometrium is a result of increased expression 


of HLA-DR by resident endometrial cells or is caused 
by an influx and accumulation of HLA-DR-bearing 
cells such as macrophages. In addition, there was 
little, if any, HLA-DR expression in first-trimester 
placenta, whereas term placenta had marked HLA- 
DR mRNA expression. Previous immunohistochemical 
studies would suggest that HLA-DR expression in term 
placenta is a result of Hofbauer cells of the villous mes- 
enchyme and not the villus trophoblast.” Because these 
celis are separated from maternal decidua by the tro- 
phoblast that does not express HLA-DR, allogeneic pla- 
cental HLA-DR expression probably does not stimulate 
the local maternal immune response. 

Macrophage activation is a predominant feature at 
sites of immune and inflammatory responses.’ Macro- 
phages and monocytes express major histocompatibility 
class II antigens such as HLA-DR, which are important 
for antigen presentation to T cells. In addition, acti- 
vated macrophages and monocytes produce a number 
of cytokines including IL-l, which is an important co- 
factor in addition to HLA-DR for T-cell activation and 
recognition of foreign antigens. Antigen-presenting 
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cells, many of which are tissue macrophages, have been 
isolated from decidua.” The process of endometrial 
decidualization during early pregnancy is also associ- 
ated with an increase in the number of macrophages 
found in this tissue.* One possible explanation for our 
findings is that pregnancy is associated with an influx 
of activated macrophages into the decidua or that there 
is an activation of resident decidual macrophages that 
leads to increased decidual HLA-DR and IL-IB ex- 
pression. 

The beneficial effects that result when the fetal semi- 
allograft provokes an immune reaction by the maternal 
immune system has been termed “Immunotropism.”” 
This theory states that maternal T-cell activation results 
in the release of various lymphokines that are growth 
factors for the placenta. Interleukin-3 and granulocyte- 
macrophage colony-stimulating factor are both secre- 
tory products of activated T-cells and stimulate the 
growth of placental cells in vitro. Because increased 
decidual IL-18 and HLA-DR expression during preg- 
nancy should lead to local T-cell activation and lym- 
phokine production, our findings are consistent with 
the immunotropism hypothesis. | 

Evidence presented in this study that demonstrates 
TGF-B, mRNA and tissue-extractable TGF-B-—like bjo- 
activity in decidua, placenta, and placental membranes 
suggests that this peptide is produced in these tissues. 
Recent studies have described the potent immunosup- 
pressive properties of TGF-B. The role of TGF-B in 
regulation of the immune and inflammatory response 
includes the suppression of lymphokine-activated killer 
cell activity,’ inhibition of [L-l1—dependent T- and B- 
cell proliferation,’ suppression of cytotoxic T-cell ac- 
tivity,” and decreased cytotoxicity associated with mac- 
rophage activation." On a molar basis, TGF-B is a more 
potent immunosuppressive agent than cyclosporine. 

The beneficial effects of maternal immune recogni- 
tion without the development of maternal immune re- 
jection of the fetal semiallograft have presented an 
enigma in the fields of reproduction and transplant 
immunology. This study has demonstrated that in- 
creased IL-18 and HLA-DR expression in maternal 
endometrium occurs during pregnancy. Although in- 
creased IL-18 and HLA-DR expression may be bene- 
ficial for T-cell activation and the release of placental 
immunotrophic growth factors, these are also the ini- 
tiating events in graft rejection. The production 
of immunosuppressive peptide TGF-B in the tissues 
found at the maternal-fetal interface may play a role 
in the regulation of the maternal immune response and 
prevent immune rejection of the fetus. The potential 
role that abnormal production of these immunoregu- 
latory peptides may play in habitual abortion and in- 
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trauterine growth retardation is currently being inves- 
tigated. 
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Prevalence and determinants of estrogen replacement therapy © 


in elderly women 


Jane A. Cauley, DrPH, Steven R. Cummings, MD,”* Dennis M. Black, PhD, 


Stephen R. Mascioli, MD,’ and Dana G. Seeley, MS‘ 


Pittsburgh, Pennysluania, San Francisco, California, and Minneapolis, Minnesota 


To better understand which women use estrogen replacement therapy, we examined the prevalence and 
determinants of estrogen replacement therapy in 9704 nonblack women, age =65 years, who participated 
in the multicenter prospective Study of Osteoporotic Fractures. Overall, 13.7% of women reported current 
use of oral estrogen; 10.9% took estrogen alone and 2.8% took estrogen opposed by progestin. Four 
percent currently used parenteral estrogen compounds. Current use declined sharply with age from 17% at 
age 65 to 4% at age =85. The primary determinant of estrogen replacement therapy was the type of 
menopause; the odds of using estrogen replacement therapy in current users compared with never users 
were approximately five times higher in women with a surgical menopause. Estrogen use was more 
common among women who had higher levels of education and were less obese. Furthermore, estrogen 
replacement therapy users were more likely to drink alcohol and to participate in sports and recreation. A 
diagnosis of osteoporosis was the major determinant of continued estrogen use, but only 24% of women 
with a diagnosis of osteoporosis used estrogen replacement therapy. We conclude that only a small 

- proportion of elderly women in the United States use estrogen replacement therapy. Selection factors for 
use of estrogen are evident and may introduce bias in studies of estrogen and disease. In consideration of 
the distribution of these selection factors, estrogen users will tend to be at lower risk of coronary disease 
and possibly breast cancer but at greater risk for hip fractures. (AM J OssteT GYNECOL 1990;163:1438-44.) 


Key words: Estrogen replacement therapy, osteoporosis, coronary disease, breast cancer 


Osteoporosis contributes to an estimated 1.5 million 
fractures per year’ at an annual cost of at least 7 to 10 
billion dollars in the United States.* Because the num- 
ber of individuals 65 years or older will continue to rise, 
the number of fractures is likely to double by the end 
of the century.' The International Consensus Confer- 
ence on Osteoporosis’ concluded that estrogen replace- 
ment therapy was the only well-established preventive 
measure that could reduce the number of osteoporotic 
- fractures. 

_' Coronary heart disease is the leading cause of death 
in older women and accounts for a large proportion of 
illness and disability in women.65 years of age and 
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older.* Most studies suggest that postmenopausal es- 
trogen use substantially reduces morbidity and mor- 
tality from coronary heart disease,’ although not all 
studies have observed such benefit.® 

Because of the potential for prevention of two major 
causes of morbidity and mortality in elderly women, 
better understanding of the prevalence of long-term 
estrogen use in elderly women, as well as the deter- 
minants of long-term estrogen use, is essential to assess 
its public health impact. 

Prescriptions for estrogen increased sharply from 
1966 to 1975,” with the number of dispensed estrogen 
prescriptions peaking at 28 million per year in 1975, 
followed by a decline in use until 1981. After the re- 
lationship between estrogen replacement therapy and 
endometrial cancer was reported in 1975,’ prescrip- 
tions for estrogen declined to a low of 14 million in 
1980. Since 1981, use of estrogen replacement therapy 
in the United States has been steadily increasing.” ° 
Twenty-one million estrogen prescriptions were dis- 
pensed in 1986.° Mos: of the previous research on the 
prevalence of estrogen replacement therapy has ex- 
amined prevalence rates before 1975,'° and have pri- 
marily included women <age 60. Usage rates in el- 
derly women tend to be much lower and to decline with 
age,'*'* but there are few data regarding use of estro- 
gen by older women. The highest rates of use were 
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observed ir: upper socioeconomic populations’) © 
and in whites, compared with both blacks'* and 
Mexican-Americans."” Geographically, rates tended to 
be higher in the west than in the east.’ 

Estrogen replacement therapy is not randomly dis- 
tributed in the population; this could account for some 
of the observed effects of estrogen replacement therapy 
on disease outcomes. Estrogen replacement therapy 
users tended to be less obese,’ ° more highly edu- 
cated," and were more likely to have undergone a sur- 
gical menopause.” There has been no research on the 
determinants of estrogen replacement therapy in re- 
lationship to potential risk factors for osteoporosis. 

In this study, we examined the prevalence and de- 
terminants of estrogen replacement therapy in a large 
cohort of elderly women who participated in the mul- 
ticenter Study of Osteoporotic Fractures from 1986 to 
1988. 


Methods 


The Study of Osteoporotic Fractures is a prospective 
multicenter study of risk factors for hip and Colles’ 
fractures in a cohort of 9704 nonblack women aged 65 
and older. Subjects were recruited from Oct. 1, 1986, 
to Oct. 31, 1988, from population-based lists in four 
areas across the United States: Baltimore, Md., Min- 
neapolis, Minn., Portland, Ore., and the Monongahela 
Valley near Pittsburgh, Pa. We excluded black women, 
women with bilateral hip replacement, and those plan- 
ning to relocate. 

Detailed information was collected at baseline on 
use of estrogen znd progestin. “Current” users were 
women who reported use at the time of the interview. 
Women were asked to bring all medications to the clinic 
for verification of use, preparation, and dosage. Infor- 
mation was collected regarding oral and parenteral 
(skin patches, injections, vaginal creams, suppositories) 
estrogens and oral progestins. To estimate duration of 
use, women were asked to check all ages of a chart that 
listed ages 40 through 100 in which estrogen replace- 
ment therapy was used. Duration of use was then cal- 
culated by adding the total number of ages that a 
woman used estrogen replacement therapy. 

In addition to es-rogen use, the following variables 
were assessed by questionnaire and interview: medical 
and reproductive history, personal and family fracture 
history, alcohol consumption, cigarette smoking, phys- 
ical activity, demographics, and height and weight at 
age 25 and at age 50. Women were considered to have 
had a surgical menopause if they reported a bilateral 
oophorectomy at the age they stopped menstruating. 
A positive response to whether a physician had ever 
told them that they Aad osteoporosis or brittle bones 
was interpreted as a previous diagnosis of “osteopo- 


rosis.” Current body weight was-measured on a stan- _ 
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dard balance beam scale without shoes and heavy outer 
clothing. Height was measured without shoes with a 
Harpenden Stadiometer. Waist girth was measured at 
the midpoint between the bottom of the rib cage and 
the top of the tliac crest. Hip girth was measured at the 
widest point—usually at the level of the greater femoral 
trochanter. Women were considered obese if their 
body mass index was =27.3.'° Women were considered 
to be upper body obese if their waist to hip ratio was 
=0.84.” 

Statistical analyses were performed using the SAS 
statistical package.'* The statistical significance of the 
univariate association of the dichotomous risk factors 
to estrogen use was assessed by x’ test of the equality 
of the proportions of women with the risk factor in the 
three categories of estrogen use. : 

To adjust for confounding, multivariate logistic anal- 
yses were performed. We included as predictor vari- 
ables selected predictors with a univariate p < 0.001, 
or those that have been shown to have a strong asso- 
ciation with estrogen usage in previous research. The 
same set of predictors was used in four multivariable 
logistic analyses: current versus never, Current versus 
past for surgical and natural menopause. 


Results 


A total of 9704 women enrolled in the Study of Os- 
teoporotic Fractures. Characteristics of the participants 
are described in Table I. The mean age of the subjects 
was 71.7 years. The majority of the women reported a 
natural menopause. Information on type of menopause 
was missing in approximately 5% of the women, and 
hence, these women are excluded from the multivariate 
analyses. 

Overall, 13.7% of the women reported current use 
of oral estrogens, and 4% reported current use of par- 
enteral estrogens (Table II). The largest percentage of 
parenteral users used vaginal estrogen compounds. 
Of the women currently taking oral preparations 
(13.7%), 10.9% were taking unopposed estrogen re- 
placement therapy, and 2.8% were treated with com- 
bined estrogen-progestin therapy. 

The percent of current users of unopposed estrogen 
therapy varied by type of menopause and by hyster- 
ectomy status. Only 9.4% of current users who reported 
a surgical menopause were taking estrogen replace- 
ment therapy opposed by progestins, compared with 
25% in women with a natural menopause. 

About 4% of women currently using oral estrogen 
replacement therapy were also using vaginal estrogen. 
Twenty-seven percent reported past oral use and 12% 
reported past parenteral use. Current users tended to 
have initiated oral use at a later age than past users. 
Current users had taken oral estrogen replacement 
therapy for an average of 14.8 + 10.5 years. Current 
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Table I. Baseline characteristics of subjects 


Characteristic % 
No. 9704 
Age, mean (yr) 11:7 +5.35 
65-59 4112 42 
70-74 3041 31 
75-79 1546 16 
80-84 773 8 
>85 232 2 
Type of menopause 
Surgical 1092 ll 
Natural 8153 84 
Unknown 459 5 
Hysterectomy 
Yes 3871 40 
No 5814 60 


parenteral therapy was started at a later age. than oral 
estrogen therapy. 

Use of oral estrogens declined with age (Fig. 1). 
There was about 40% difference in use among women 
age 65 to 69 years compared with women age 75 to 79 
years. Only 4% of women age 85 and older were cur- 
rently using oral estrogens. The x° test on the differ- 
ences in the proportion of current and past users by 
age was statistically significant, x? = 245.6, p < 0.0001. 

Current users were more likely to be currently mar- 
ried, to have more years of education, if married, to 
have a husband with more years of education, to have 
had a hysterectomy, to nave undergone a surgical 
menopause, to report drinking alcohol, to have ever 
smoked, to participate in physical activity, to take walks 
‘for exercise, and to have ever been pregnant (Table 
I). Users were less likely to be obese and, more spe- 
cifically, less likely to be upper body obese. Even at ages 
25 and 50 years, current users weighed less than either 
past users or never users (data not shown). 

Although women diagnosed as osteoporotic were 
more likely to be using estrogen, there was little dif- 
ference in the proportion of users by whether or not 
the participant reported any previous fracture after age 
50. Users were less likely to report a previous wrist 
fracture. Women with either a mother or father with a 
history of fracture after age 50 were more likely to 
report current or past use of estrogen replacement 
therapy. 

Multiple logistic analyses revealed that the primary 
determinant of current estrogen replacement therapy 
use was type of menopause; women with a surgical 
menopause were more likely to report current estrogen 
replacement therapy (odds ratio, 4.8; 95% confidence 
interval, 4.11 to 5.81) compared with never users and 
were also more likely (odds ratio, 2.30; 95% confidence 
interval, 1.94 to 2.74) to continue estrogen replacement 
therapy (current users compared with past users). Be- 
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Table II. Prevalence of use of oral and 
parenteral estrogen and descriptive statistics 
on age at first use and duration of use 


Oral estrogen therapy 
Current users (n, %) 1330 (13.7%) 
Estrogen only 1055 (10.9%) 
Estrogen plus progestin 275 (2.8%) 
Past users (n, %) 
Never users (n, %) 
Age at first use (yr, mean + SD) 


2603 (27.0%) 
5771 (59.5%) 


Current users 52.1 + 10.7 
Past users 48.8 + 7.7 
Duration of use (yr, mean + SD) 
Current users 14.8 + 10.5 
Past users 5.2 + 6.4 
Parenteral estrogen therapy* 
Current users (n, %) 388 (4.0%) 


1156 (11.9%) 
8160 (84.1%) 


Past users (n, %) 
Never users (n, %) 
Age at first use (yr, mean + SD) 


Current users 62.7 + 9.2 

Past users 53.0 + 11.8 
Duration of use (yr, mean + SD) 

Current users 6.0 + 7.2 

Past users 2.6 + 4.8 


*Parenteral: Estrogen use by cream, patch, suppository, or 
injection. 


cause of this strong effect and because of possible bias 
from selection factors for surgical menopause, we strat- 
ified women by type of menopause in subsequent. 
analyses. 

In women who had undergone a surgical meno- 
pause, current users, compared with never users (Table 
IV), were younger and were 40% more likely nct to be 
obese, to have greater than a twelfth grade education, 
and to drink alcohol. In this group, after age, the only 
significant predictor of continued estrogen replace- 
ment therapy (comparing current with past use) was 
having been diagnosed as osteoporotic. 

In women with a natural menopause, a comparison 
of current with never users with respect to age, edu- 
cation, obesity, and alcohol consumption showed sim- 
ilar results. In addition to these factors, current users 
were also more likely to have participated in physical 
activity. However, the strongest determinant of current 
estrogen replacement therapy in the natural meno- 
pause group was having been given a diagnosis of os- 
teoporosis by a physician; current users were 2.8 times 
as likely to have had a diagnosis of osteoporosis. 
This diagnosis was also important for determining 
continued long-term use of estrogen replacement 
therapy. 


Comment 

We found that the overall prevalence of estrogen 
replacement therapy among elderly women is low and 
decreases with age. 
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Fig. 1. Prevalence of use of oral estrogen replacement therapy by age, Study of Osteoporotic Fractures 
(n = 9704), Solid bars, Current use; hatched bars, Past use. 


We recruited subjects from population-based listings 
in four cities across the United States. However, par- 
ticipants in the Study of Osteoporotic Fractures are not 
a representative sample of older women; they are vol- 
unteers who are likely to be healthier and perhaps more 
health conscious than those who did not participate. 
Consequently, our prevalence rates may overestimate 
rates of use among the general population. 

Earlier studies have found determinants of estro- 
gen replacement therapy in younger postmenopausal 
women. In this study we confirmed that selection fac- 
tors for estrogen replacement therapy also exist in el- 
derly women. These estrogen replacement therapy 
characteristics would presumably lower the risk of cor- 
onary heart disease, and possibly breast cancer, but in- 
crease risk of hip fracture; hence, failure to consider 
these characteristics leads to bias in studies of the effects 
of estrogen replacement therapy on coronary heart dis- 
ease, hip fracture, and breast cancer. 

Our results are consistent with previous reports that 
education level,'* '° degree of obesity,'’ '* alcohol con- 
sumption, and surgical menopause’ are important de- 
terminants of estrogen use. Surgical menopause was 
the strongest predictor of estrogen replacement ther- 
apy use in this population of elderly women. We con- 
firmed the results of other studies with regard to no 


difference in smoking status by estrogen replacement 
therapy use.'' '* Users of estrogen replacement therapy 
were somewhat more likely to participate in sports and 
recreation, although this observation was confined to- 
women with natural menopause. This may reflect their 
higher socioeconomic status and their lower degree of 
obesity. 

Most previous studies on the determinants of estro- 
gen replacement therapy focused primarily on cardio- 
vascular disease risk factors; this study also included 
possible risk factors for osteoporosis. A diagnosis of 
osteoporosis by a physician was a significant determi- 
nant of current estrogen replacement therapy in 
women with a natural menopause. Of importance, it 
was also the strongest determinant of continued long- 
term estrogen replacement therapy in both the natural 
and surgical menopause groups; however, the preva- 
lence of estrogen replacement therapy (24%) was low 
in this potentially high-risk group. 

The lack of a relationship between estrogen replace- 
ment therapy and previous hip fractures may be related 
to failure of orthopedists to prescribe estrogen replace- 
ment therapy, perhaps because these women are not 
considered osteoporotic or because many women can- 
not tolerate or refuse estrogen replacement therapy. 
Estrogen replacement therapy users were less likely 
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Table III. Risk factor distribution by estrogen use status 
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Demographics 
% Currently married 57.7 
% With < high school 15.8 
education 
% With husband l 25.5 
with < high school 
education 
Fracture history (% yes) 
Fracture after age 50 34.8 
Hip fracture after age 50 2.0 
Wrist fracture after age 50 7.6 
Mother fractured a bone 26.6 
after age 50 
Father fractured a bone 11.3 


after age 50 
Medical history 


% With osteoporosis 24.6 

% With fracture of spine 9.7 
Reproductive history 

% Ever pregnant 87.4 

% Ever had hysterectomy 1232 

% Surgical menopause 27.0 
Smoking 

% Ever smoked 43.2 
Physical activity 

% Participate in physical 105 

activities in past week 42.0 


% Work up a sweat at least 
once a week 


% Take walks for exercise 56.8 
Alcchol use 
% Drink alcohol 76.1 
Body mass index 
% Body mass index = 27.3 28.6 
(obese) 


Waist/hip ratio 
% Waist/hip ratio >0.84 28.1 
(upper body obese) 


*.? test based on 2 x 3 tables. 


to report a previous wrist fracture, probably reflect- 
ing a protective effect of prior estrogen replacement 
therapy. 

Parental fracture history had a stronger influence on 
hormone use than personal fracture history. This may 
be a result of study bias: better educated estrogen users 
may be more likely to know and report their family 
history of fracture. It may also relate to the role of 
women as caregivers since these women may have taken 
care of elderly parents after fractures and personally 
experienced the fracture-related decline in functional 
status or death of a parent. 

In an observational population-based study of the 
effect of estrogen replacement therapy on a disease 
outcome, the observed low prevalence of estrogen re- 
placement therapy would imply that sample sizes must 
be large to have adequate statistical power to see a sig- 


53.3 44.7 <9.001 
18.2 27.0 <0.001 
30.2 40.1 <0,001 
35.6 38.3 0.01 
1.6 2.6 0.46 
10.9 12.9 <0.001 
25.8 21:2 <0.001 
12.1 10.5 0.24 
14.3 12.8 <0.00) 
5.4 5.9 <0.00! 
84.6 82.6 <0.001 
44 3 30.6 <0.001 
14.2 7.3 <0.001 
43.5 37.0 <0.001 
73.5 63.0 <0.001 
39.6 32 <0.001 
54.4 45.7 <0.001 
74.8 66.4 <0.001 
36.2 4].] <0.001 
29.8 33.5 <0.001 


nificant effect. Selection factors differ and risk of dis- 
ease differs in women with a natural versus surgical 
menopause. Hence, stratification by type of menopause 
is necessary in evaluating estrogen replacement ther- 
apy, and will tend to increase sample size requirements. 

Previous research has suggested that some of the 
protective effects of estrogen replacement therapy on 
hip fracture and coronary heart disease may be lost 
within a few years of discontinuing estrogen replace- 
ment therapy.’* * For example, Weiss et al.'? found a 
significant reduction in risk of hip and wrist fractures 
in current users only. Discontinuation of estrogen re- 
placement therapy 1 to 2 years before the fracture of- 
fered no significant effect. For coronary heart dis- 
ease,” the odds ratio was lower for current users than 
ever users. Hence, effective prevention of hip fracture 
and coronary heart disease with estrogen may require 
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Table IV. Independent predictors of estrogen use stratified by type of menopause: Multiple logistic analysis 







Surgical 
menopause 
(n = 731) 






Unit of 
Variable measurement 
Age 5 yr 0.62 0.60-0.64 
Education 0 = >12th grade 0.63 0.44-0.91 
1 = <12th grade 
Obesity 0 = Not obese 0.65 0.47-0.89 
1 = Obese 
Alcohol in past 30 0 = No 1.54 1.13-2.10 
days 
| = Yes 
Diagnosis of “os- 0 = No 1.37 0.93-2.03 
teoporosis” 
} = Yes 
Physical 0 = No 1.33 0.95-1.85 
activity in past ] = Yes 
week 
Maternal 0 = No 1.01 0.71-1.45 
history of frac- ] = Yes 


ture after age 50 


Current use us never use 


Current use vs past use 










Natural Surgical Natural 
menopause menopause menopause 
(n = 5938) (n = 677) (n = 2997) 


959% Cl sac | on | sec | or | osc 


0.68 0.67-0.69 0.84 0.81-0.88 0.86 0.84-0.88 
0.60 0.49-0.74 0.79 0.54-1.15 0.86 0.68-1.09 
0.58 0.49-0.69 0.84 0.61-1.16 0.68 0.57-0.81 
1.38 1.05-1.61 1.06 0.77-1.45 1.08 0.91-1.28 
2.85 2.39-3.42 1.62 1.08-2.42 2.32 1.90-2.82 
1.59 1.34-1.89 0.86 0.61-1.22 1.16 0.96-1.40 
1.13 0.96-1.34 0.96 0.68-1.37 0.98 0.81-1.17 


Boldface type indicates statistical significance. OR, Odds ratio; CI, confidence interval. 


long-term use of estrogen replacement therapy into the 
seventh, eighth, or even ninth decade of life. 


Our data show that few elderly women currently use 


estrogen replacement therapy. Future research should 
identify the barriers to long-term use of estrogen re- 
placement therapy. Some possible barriers to estrogen 
replacement therapy include fear of cancer, unwanted 
side effects, cost, and polypharmacy (i.e., elderly 
women may take many other medications for imme- 
diate management of medical conditions, and may not 
want to take one for prophylaxis). It may also reflect 
physician practices and beliefs. Because of the uncer- 
tainty over whether long-term estrogen replacement 
therapy is associated with breast cancer, physicians may 
be unwilling to recommend long-term estrogen re- 
placement therapy. If a treatment is known to be ef- 
fective but is unacceptable to most elderly women, then 
alternative strategies for prevention must be developed. 


Investigators in the Study of Osteoporotic Fractures 
Research Group are as follows: 

University of California, San Francisco (coordinating 
center): S. R. Cummings (principal investigator), M. C. 
Nevitt (project director), D. Black (study statistician), 
H. K. Genant (director, central radiology laboratory), 
C. Arnaud, C. Brown, W. Browner, C. Fox, S. Harvey, 
S. B. Hulley, D. Seeley, P. Steiger 

University of Maryland: R. Sherwin (principal in- 
vestigator), J. Scott (project director), B. Hohman 
(clinic coordinator), J. Lewis, E. Oliner, L. Schools 


University of Minnesota: R. Grimm, Jr. (principal 
investigator), S. Mascioli (project director), C. Bell 
(clinic coordinator), R. Prineas, K. Jacobson, S. Enebo, 
E. Mitson, L. Stocke, M. Oliver, D. Thomas 

University of Pittsburgh: L. H. Kuller (principal in- 
vestigator), J. A. Cauley (project director), M. Nasim 
(clinic coordinator), C. Bashada, L. Buck, A. Githens, 
L. Harper (follow-up data coordinator), D. Medve 

The Kaiser Permanente Center for Health Research, 
Portland, Oregon: T. M. Vogt (principal investigator), 
W. M. Vollmer, J. Blank (project director), H. Glauber, 
T. Marino, R. Bright, B. Packer 
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Immunocytochemical distribution and localization of 
15-hydroxyprostaglandin dehydrogenase in human fetal 
membranes, decidua, and placenta 


Paul Y. C. Cheung. BSc, John C. Walton, MD,” Hsin-Hsiung Tai, PhD,‘ 


Simon C. Riley, PhD,* and John R. G. Challis, PhD, DSc 


London, Ontario, Canada, and Lexington, Kentucky 


Biochemical studies have shown the presence of type ! oxidized nicotinamide-adenine 
dinucleotide—dependent 15-hydroxyprostaglandin dehydrogenase in human fetal membranes, decidua, and 
placenta. However, the localization of prostaglandin dehydrogenase within these tissues is not known. 
Because the distribution of prostaglandin dehydrogenase may affect the concentration of prostaglandins 
that reach the myometrium, we used immunocytochemistry to localize immunoreactive prostaglandin 
dehydrogenase in fetal membranes and placenta. We also examined whether this distribution changed 
with labor. Tissues were collected at term elective cesarean section or after term spontaneous labor and 
delivery, were fixed, embedded, and sectioned at 5 um. Immunoreactive prostaglandin dehydrogenase 
was determined with a polyclonal primary antibody to human placental prostaglandin dehydrogenase and 
visualized with the avidin-biotin procedure. Epithelial and epithelium-derived cells were identified by 
positive staining with a polycional antikeratin primary antibody. Cytokeratin staining was observed in 
amniotic epithelium, trophoblast layer of chorion, invading trophoblast in decidua, and all subsets of 
trophoblast in the placenta. Immunoreactive prostaglandin dehydrogenase was localized to the trophoblast 
layer of chorion, invading trophoblast in decidua, and in syncytiotrophobiast and intermediate trophoblast 
but not cytotrophoblast in the placenta. In chorion, approximately 50% to 60% of the nonvacuolated 
trophoblast cells stained positively for prostaglandin dehydrogenase. There was no change in the 
localization of immunoreactive prostaglandin dehydrogenase in any tissue in association with labor. (Am J 


Osstet GYNECOL 1990;163:1445-9.) 


Key words: Prostaglandin, metabolism, immunohistochemistry, fetal membranes, placenta 


Prostaglandins are strongly implicated in the se- 
quence of events leading to myometrial contractility 
and parturition at term." * In women, amnion and 
_ decidua have been: identified as major sites of pros- 
taglandin synthesis, whereas the chorion is a major 
site of prostaglandin metabolism.** This pattern is re- 
flected in the higher specific activity of the oxi- 
dized nicotinamide-adenine dinucleotide—dependent 
15-hydroxyprostaglandin dehydrogenase (PGDH) in 
chorion and placenta compared with the amnion and 
decidua.®” This enzyme converts prostaglandins (pros- 
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taglandin Es and prostaglandin F,,) to the 15-keto me- 
tabolites, the initial step in inactivating primary pros- 
taglandins. Although previous studies have suggested 
that small amounts of primary prostaglandins may 
cross full-thickness membranes without metabolism,® ° 
the significance of this observation has been questioned 
because of the high PGDH activity in chorion. However, 
chorion is a heterogeneous tissue, © and it seemed 
possible that PGDH was not distributed uniformly 
throughout the tissue. Hence we used immunocyto- 
chemistry to determine the distribution and localization 
of immunoreactive PGDH in the amnion, chorion, de- 
cidua, and placenta and determined whether there 
were changes in the pattern of staining with labor at 
term. i 


Material and methods 


Collection of tissues, Placentas with membranes and 
adherent decidua were obtained from uncomplicated 
pregnancies at either term elective cesarean section be- 
fore labor (n = 5) or at term spontaneous delivery 
(n = 5). Tissues were fixed in either 10% neutral buff- 
ered formalin or Bouin’s solution for 4 hours, then 
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washed and stored in 70% ethanol. There was no dif- 
ference in immunostaining with the different fixatives. 
The membranes were then rolled and the placenta 
trimmed before embedding in paraffin wax. The par- 
affin blocks were then sectioned at 5 wm. 

Immunocytochemical analysis. The sections were 
stained for immunoreactive-PGDH according to the 
avidin-biotin procedure (Vector-ABC; Vector Labora- 
tories, Burlingame, Calif.). Briefly, the sections were 
deparaffinized with three washes of xylene substitute 
(BDH Chemicals, Toronto) and rehydrated in serial 
washes of ethanol, and phosphate-buffered saline so- 
lution (0.01/mol/L, pH 7.5). Endogenous peroxidase 
activity was reduced by the exposure of the sections to 
3% hydrogen peroxide in water for 30 minutes. The 
sections was counterstained with Carrazzi’s hematoxy- 
lin, which turns the nucleus blue. Nonspecific staining 
was reduced by incubating the sections in 10% goat 
serum for 20 minutes. The sections were then incu- 
bated overnight with the primary antibody or the ap- 
propriate substituted control (see below). The poly- 
clonal primary antibody (1: 2000 and 1:3000, Cayman 
Laboratories, Ann Arbor) was raised in rabbits against 
purified human placental PGDH. Additional sections 
were also stained for cytokeratin, which is an epithelial 
cell marker. The polyclonal primary antibody (antiker- 
atin, wide-spectrum screening; 1:1000, Dako -Corp., 
Santa Barbara) was raised in rabbits against bovine 
muzzle epidermal keratin. All antibodies were diluted 
in buffer (1 gm bovine serum albumin, 20 mg sodium 
azide, 100 mi phosphate-buffered saline solution). 

After overnight incubation (18 hours), sections were 
washed with phosphate-buffered saline solution and 
incubated in the presence of a biotinylated goat anti- 
rabbit IgG antibody (1:500) for 1 hour. The sections 
were then washed, incubated with Vectastain (Vector 
ABC) for 2 hours and immunoreactive PGDH was vi- 
sualized by exposure to 3,3’-diaminobenzidine tetra- 
hydrochloride [6 mg dissolved in 4 ml Tris buffer (0.05 
mol/L, pH 7.5) with 3 drops of 3% hydrogen peroxide]. 
The sections were dehydrated and mounted (Per- 
mount; Fisher Scientific, Toronto). Sections were ex- 
amined by means of light microscopy. 

It has been suggested previously that the trophoblast 
layer of chorion at term consists of two subpopulations 
of trophoblast, vacuolated and nonvacuolated.’ In cho- 
rion, the number of vacuolated and nonvacuolated cells 
in the trophoblast layer staining positive for immuno- 
reactive PGDH was quantified using the Bioquant Sys- 
tem IV (Bioquant; Nashville; field = 0.175 mm? at 
x 250 magnification).'' Five randomly selected fields 
were counted in stained sections from each patient and 
the proportion of stained cells was expressed as a per- 
centage of the total vacuolated and nonvacuolated tro- 
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phoblasts. Student’s ¢ test was used to seek significant 
differences in the number of stained vacuolated and 
nonvacuolated trophoblast between cesarean section 
and spontaneous labor tissues. 

Controls. Three sets of negative controls were used 
in this study. Tissue sections were incubated either with 
antibody dilution buffer in the absence of primary an- 
tibody, with nonimmune rabbit serum (1:2000 and 
1:3000 dilution), or with primary antibody that had 
been preabsorbed with purified PGDH" overnight. Be- 
fore use, the preabsorbed antibody was centrifuged at 
178,000 g for 30 minutes at 4° C, and the supernatant 
fraction was substituted for the primary antibody in the 
overnight incubation. 


Results 


Amnion (Fig. 1, A and C). In the amnion, positive 
staining for cytokeratin (data not shown) was found in 
the epithelial layer but not in the subepithelial layers 
of tissues obtained from cesarean section or sponta- 
neous labor and delivery. No positive staining for im- 
munoreactive PGDH was observed in the epithelial or 
subepithelial layers of the amnion in patients under- 
going either term elective cesarean section or sponta- 
neous labor and delivery. 

Chorion-decidua (Fig. 1, A and C). Positive staining 
for cytokeratin (data not shown) was observed only in 
the trophoblast layer of chorion and in trophoblast cells 
that had invaded decidua. No staining was found in 
the reticular or cellular layers of chorion.” Positive im- 
munoreactivity for PGDH was observed only in the 
trophoblast layer of chorion. However, only 50% to 
60% of nonvacuolated and <20% of vacuolated tro- 
phoblast showed positive immunostaining. There was 
no significant difference in the percentages of vacuo- 
lated and nonvacuolated trophoblast that showed pos- 
itive immunoreactivity for PGDH between cesarean 
section and spontaneous labor tissues (Table I). No 
PGDH immunostaining was found in the reticular or 
cellular layers or in the degenerative villi of the chorion. 

No staining was observed for immunoreactive PGDH 
in the stromal cells in the decidua. However, tropho- 
blast that had invaded decidua did show positive stain- 
ing for PGDH. Positive staining for immunoreactive 
PGDH was eliminated in the negative controls [preab- 
sorption of primary antibody with excess purified an- 
tigen (Fig. 1, B); antibody dilution buffer without pri- 
mary antibody, and substitution of primary antibody 
with nonimmune rabbit serum]. 

Placenta (Fig. 1, D). Positive staining for cytokeratin 
(data not shown) was found in syncytiotrophoblast, cy- 
totrophoblast, and intermediate trophoblast'* ” in both 
villous and extravillous sites. Intense immunopositive 
PGDH staining was observed in intermediate tropho- 
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Fig. 1. Staining for PGDH in human fetal membranes, decidua, and placenta. A, Full-thickness 
membranes stained with PGDH primary antibody showed immunoactivity in chorion and invading 
trophoblast in decidua (B) that was abolished by preabsorbing the primary antibody with purified 
PGDH. C, Higher-power section through membranes shows vacuolated and nonvacuolated tropho- 
blast staining. D, Section through placenta shows positive immunostaining in intermediate tropho- 
blast (IT), syncytiotrophoblast (ST), and lack of staining in cytotrophoblast (CT). (Original magni- 
fications: A and B, X67; C, x 133; D, x 267.) 


blast cells in villous and extravillous sites. Weak positive 
staining was found in syncytiotrophoblast. Positive im- 
munostaining was abolished in all negative controls. We 
did not observe PGDH immunostaining in the cytotro- 
phoblast, villous core tissue, or fetal endothelial tissue. 
Similar patterns of PGDH staining were observed in 
placentas obtained at both cesarean section and spon- 
taneous labor and delivery. 


Comment 


This study reports, for the first time, localization of 
immunoreactive PGDH in the fetal membranes, de- 
cidua, and placenta. In the membranes PGDH was 
present in the trophoblast layer of chorion, in approx- 
imately 55% of the nonvacuolated cells, but was absent 
from amnion and decidual stromal cells. In the placenta 
PGDH was localized to intermediate trophoblast, 
weakly to syncytiotrophoblast, but was absent from cy- 
totrophoblast. 


Table I. The percentage of vacuolated 
and nonvacuolated trophoblast cells 
showing positive immunoactivity for 
PGDH in the trophoblast layer of the 
chorion laeve* 





Percentage 









Cesarean 
section 


(n = 5) 


Spontaneous labor 
plus delivery 
(n = 5) 









Vacuolated trophoblast 10.0 + 2.0 15.0 + 7.0 
Nonvacuolated trophoblast 55.0 + 4.0 53.0 + 4.0 
Total vacuolated tropho- 26.0 + 6.0 10.0 + 4.0 
blast cells in trophoblast 
layer 
Total nonvacuolated tro- 74.0 + 6.0 90.0 + 4.0 


phoblast cells in tropho- 
blast layer 





*The percentage of vacuolated and nonvacuolated tropho- 
blast cells occupying the trophoblast layer is also shown 
(mean + SEM). 
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We used cytokeratin staining to identify epithelial 
and epithelial-derived cells, including trophoblast." 
Colocalization of PGDH and cytokeratin was not at- 
tempted in this study; therefore we cannot state defin- 
itively whether all invading trophoblast in the decidua 
or intermediate trophoblast in the placenta' '” stained 
for PGDH. However, the cells staining immunopositive 
for PGDH in these locations had morphologic char- 
acteristics of intermediate trophoblast. Intermediate 
trophoblast also stain positively for human placental 
lactogen and pregnancy-specific B,-glycoprotein, but 
not for human chorionic gonadotropin, thereby distin- 
guishing them from cytotrophoblast and syncytotro- 
phoblast.'* We believe that the PGDH staining observed 
in this study is specific because it was absent after preab- 
sorbing the primary PGDH antibody with a purified 
PGDH preparation, and no positive staining was found 
if the primary antibody was omitted, or replaced with 
nonimmune rabbit serum. 

The distribution of PGDH immunostaining is gen- 
erally consistent with the biochemical distribution of 
PGDH activity in the fetal membranes.' The enzyme is 
absent from amnion, predominant in chorion, and 
present at low activities in decidua." '’ The finding that 
trophoblast invading into decidua stained for PGDH 
raises the possibility that these cells are responsible for 
the PGDH activity found in dispersed cell preparations 
of decidua that were prepared by scraping it from the 
chorion. Clearly, separation of chorion and decidua 
cannot be accomplished without contamination by this 
simple mechanical procedure, and reports of decidual 
PGDH activity” must be regarded with some suspicion. 

Our results suggest that the high PGDH activity pres- 
ent in the placenta®” '* may be localized to intermediate 
trophoblast cells, and to syncytiotrophoblast, but not to 
cytotrophoblast or villous stromal tissue. It has been 
suggested that human placental PGDH is partially de- 
pendent on fetal genotype’ and may be inhibited by 
progesterone,” as in the fetal lung,” or by estrogen.” 
An endogenous inhibitor of placental PGDH has also 
been reported,” but there is lack of change in PGDH 
activity with labor,” ** which suggests that it is not a 


21 


major regulatory factor contributing to the levels of 


bioactive primary prostaglandins. We did not observe 
differences in the localization of immunoactive PGDH 
in placenta or membranes with labor. Thus our results 
would be consistent with the view that changes in PGDH 
distribution or activity are unlikely to contribute to the 
increase in prostaglandin concentration at parturition. 
Prostaglandin H, synthase has also been localized pri- 
marily to syncytiotrophoblast and intermediate tropho- 
blast, and similarly, its distribution did not change with 
labor.” However, placental PGDH could influence the 
amount of primary prostaglandins produced within the 
placenta that reaches the underlying decidua, myo- 
metrium, or both. 
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In late human pregnancy, amnion is a major site of 
prostaglandin E, production.’ It has been suggested 
that primary prostaglandins may cross the fetal mem- 
branes from amnion to decidua or myometrium for 
subsequent biologic effects.*” Because of the high met- 
abolic activity in chorion it has been suggested and sub- 
sequently shown’ that this transfer likely takes place via 
the intercellular spaces. However, this study shows that 
PGDH is distributed heterogeneously in chorion. Thus 
we suggest that the chorion may not present the uni- 
form metabolic barrier to prostaglandin transfer that 
previously had been assumed. 
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The effect of physical activity during pregnancy on preterm 


delivery and birth weight 


Mark A. Klebanoff, MD, MPH,’ Patricia H. Shiono, PhD,” and J. Christopher Carey, MD, 
Bethesda, Maryland, Los Altos, California, and Oklahoma City, Oklahoma 


The relationship between physical activity during pregnancy, preterm birth, and gestational age—adjusted 
birth weight was investigated prospectively in a cohort of 7101 women. This study is one of few to 
evaluate both employment- and non-employment-related physical activity. Prolonged periods of standing 
were associated with a modestly increased risk of preterm delivery (adjusted odds ratio for =8 hours/day 
of standing = 1.31). Heavy work or exercise was not associated with preterm delivery (adjusted odds ratio 
for =4 hours per day of heavy work = 1.04). The proportion of infants born preterm did not differ among 
women working in predominantly standing, active, and sedentary occupations. Physical activity was not 
associated with gestational age-adjusted birth weight after controlling for confounding variables. These 
data suggest that unmeasured socioeconomic differences among women reporting different levels of 
activity may account for previously described associations between physical activity and pregnancy 
outcome. Most pregnant women who report increased levels of physical activity are not at increased risk of 
preterm delivery or reduced intrauterine growth. However, these data do not address the role of activity 
restriction in the management of selected women at high risk for adverse pregnancy outcome. (Am J 


OssTET GYNECOL 1990;163:1450-6.) 


Key words: Infant, low birth weight; labor, premature; women, working; work 


The effect of physical activity during pregnancy on 
preterm delivery and fetal growth has been controver- 
sial. Mamelle et al.' stated that as the number of fatigue 
factors among women employed during pregnancy in- 
creased from 0 to 5, the rate of premature birth in- 
creased from 2.3% to 11.1%. Among hospital workers, 
work-related factors (long periods of standing, carrying 
heavy loads, and performing heavy cleaning tasks) were 
observed to be associated with preterm delivery.” Com- 
pared with women whose occupations entailed varied 
amounts of physical activity, women employed in oc- 
cupations requiring long periods of standing were 
found to be 2.7 times as likely to be delivered before 
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term, and women employed in sedentary occupations 
were 1.4 times as likely to be delivered preterm.’ In 
contrast, other studies have found the usual range of 
physical activities performed by pregnant women to 
be unassociated with gestational age—adjusted birth 
weight,‘ mean gestational length," or preterm de- 
livery. However, only two studies considered non- 
employment-related physical activity." * This study de- 
termines the relationship between physical activity and 
pregnancy outcome in a prospective cohort of women. 


Material and methods 


The Vaginal Infections and Prematurity (VIP) study 
is a prospective study, sponsored by the National In- 
stitute of Child Health and Human Development and 
the National Institute of Allergy and Infectious Dis- 
eases, to determine the association between genital tract 
carriage of various microorganisms and preterm birth. 
The population consisted of women who received pre- 
natal care at one of five clinical centers (Columbia Uni- 
versity, New York; University of Washington, Seattle; 
University of Oklahoma, Oklahoma City; University 
of Texas, San Antonio; Louisiana State University, 
New Orleans) from 1984 to 1987. 

Women who were at least 16 years old and did not 
have one of the exclusion criteria (diabetes requiring 
insulin, hypertension or heart disease requiring med- 
ication, chronic renal disease, multiple pregnancy, Rh 
sensitization, current use of corticosteroids, history of 
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Table I. Characteristics of the study population at 23 to 26 weeks’ gestation 





Characteristic 


Site 
Columbia 2184 30.8 
Seattle 49] 6.9 
Oklahoma 2040 28.7 
Texas 1105 15.6 
New Orleans 1281 18.0 
Ethnicity 
White 2385 33.6 
Hispanic 2476 34.9 
Black 2240 31.6 
Age at interview (yr) 
<20 1679 23.6 
20-24 2493 35.1 
25-29 1703 24.0 
>30 1223 Wy Be 
Education (yr) 
<12 3965 43.3 
12 2602 36.6 
>12 1423 20.0 
Marital status 
Married 3396 47.8 
Never married 2603 36.7 
Other 1097 15.4 
Payment status 
Insurance 1229 17.5 
Medicaid 3147 44.8 
Self-pay 194] 27.6 
Other 710 10.1 
Parity 
0 2836 39.9 
l + 4265 60.1 


cervical incompetence or cerclage, receipt of antibiotics 
within the 2 weeks preceding interview, previous treat- 


ment with tocolytic agents between the beginning of 


the pregnancy and the date of interview, and intent to 
deliver at a non—study hospital) were interviewed at 23 
to 26 completed weeks’ gestation about a variety of risk 
factors for adverse pregnancy outcome. The interview 
included the question “In a typical day during the first 
5 months of pregnancy, about how many hours did you 
spend doing the following?” Activities included “stand- 
ing for long periods of time, heavy work/exercise” (suf- 
ficient to cause sweating), and “light work/exercise.” 
These activities were asked with reference to the entire 
day, as opposed to on the job only. For these analyses, 
times were classified a priori as 0, 1 to 3, 4 to 7, and 
=8 hours per day. Few women reported engaging in 
heavy work for 28 hours per day; therefore the two 
highest categories were combined for heavy work. 
Gestational age at screening for study eligibility (23 
to 26 weeks) was determined according to the attending 
obstetrician’s best estimate. This estimate was based on 
the last menstrual period, supplemented by other clin- 
ical evidence including ultrasonograms, uterine mea- 
surements, and detection of fetal heart tones. Gestation 
at delivery (in completed weeks) was calculated from 


Pe | % of Total Characteristic ae T] 








% of Total 


Income (thousands of dollars) 


<5 2105 29.6 
5-9.999 1650 23.2 
10-14.999 989 13.9 
15-19.999 291 4.] 
20-24.999 131 1.8 
25-29.999 72 1.0 
=30 287 4.0 
Unknown 1576 22.2 
Current smoking 
No 5204 TRS 
Yes 1897 26.7 
Alcohol within past 3 mo 
None 5413 76.2 
Any 1687 23.8 
Currently employed 
No 5321 75.0 
Yes 1778 25.0 
Hours/day standing 
0) 3093 43.6 
1-3 1644 23.2 
-7 1466 20.6 
=8 898 12.6 
Hours/day doing heavy work 
0 5610 79.0 
1-3 1018 14.3 
=4 472 6.6 
Hours/day doing light work 
0 173 2.4 
1-3 2878 40.5 
4-7 2293 32.3 
=8 1757 24.7 


this initial estimate and the elapsed time from screening 
to delivery. 

The associations between risk factors for adverse out- 
come and activity level were evaluated by x” analysis. 
The relative risk of preterm delivery by level of activity 
was approximated by odds ratios’; 95% confidence in- 
tervals was calculated with Woolf’s method.’ The odds 
ratios for preterm delivery were adjusted for the con- 
founding variables listed in Table I by means of mul- 
tiple logistic regression.® Because many hours of one 
type of activity might exert their effect by precluding 
the possibility of another activity, the final regression 
model contained terms for all types of work; results 
from this model were nearly identical to those obtained 
from three separate models, each limited to one type 
of activity. 

The association between preterm birth and occupa- 
tional characteristics was investigated to replicate the 
analysis of Teitelman et al.» Each woman’s current oc- 
cupation was classified according to the United States 
Census Bureau 1980 codes.” Only women whose job 
titles were identical to those used previously* were in- 
cluded. The risk of preterm birth was compared among 
women whose jobs were considered predominantly 
standing, active, or sedentary by this classification. 
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Finally, we studied the effect of reported physical 
activity on fetal growth. Mean gestational age—adjusted 
birth weight was calculated by means of a two-way anal- 
ysis of variance for each level of reported physical ac- 
tivity. These mean birth weights were further adjusted 
for confounding factors using analysis of covariance. 


Results 


From Nov. 1, 1984, to June 30, 1987, 8287 women 
were enrolled in the VIP study; data on the duration 
of pregnancy were available for 7578 women. Missing 
data were caused by loss of the woman to follow-up 
between study entry and delivery. Extensive efforts 
were made to locate study women and obtain at least 
the date of delivery and birth weight and sex of the 
infant. These efforts, which were unsuccessful for 709 
women, included attempted contact at the last known 
address, querying other hospitals in the region, and in 
many cases attempting to locate the birth certificate at 
the county health department. Early in the study, the 
questions regarding physical activity were revised; the 
original questions were not comparable with the revised 
ones, and women whose data were contained on these 
early forms were deleted (n = 256). Women whose eth- 
nicity was other than white, black, or Hispanic were 
excluded (n = 207), as were women with no data on 
amount of physical activity (14 for standing, 14 for light 
work, 15 for heavy work). The final population com- 
prised 7101 women for the study of standing and light 


work, and 7100 for heavy work. The characteristics of 


the study population are presented in Table I. 

Women who reported long hours of heavy work had 
demographic profiles similar to those who reported 
long hours of standing.* Prolonged heavy work and 
standing were both more common among women at 
the San Antonio center, among Hispanic women, and 
among parous women. Women with increasing edu- 
cation, women under 20 years of age, women who were 
never married, and women who currently smoked were 
more likely to report no heavy work or prolonged 
standing. Longer hours of heavy work and standing 
were most prevalent among women who might be 
called the “working poor”: currently employed, total 
household incomes of $10,000 to 14,999 per year, cur- 
rently married or married at some time in the past, and 
self-payment for medical care. 

Women who spent more time doing light work dif- 
fered in these characteristics from women doing heavy 
work and standing. Increasing time spent doing light 
work was most prevalent among women in New York 
City and Seattle, white women, women aged 25 to 29 


*Detailed characteristics are available on request from the 
authors. 


November 1990 
Am J Obstet Gynecol 


years, currently married women, and parous women. 
Longer hours of light work were more prevalent among 
women of higher socioeconomic status than were lon- 
ger hours of heavy work and standing. Higher socio- 
economic status was reflected in household incomes of 
=$20,000, currently working, more than 12 years of 
education, and having private medical insurance. 

The relationships among preterm birth and hours 
spent in standing, heavy work/exercise, and light 
work/exercise were generally modest (Table II). In the 
unadjusted analysis women who spent more time stand- 
ing had a modestly increased risk of preterm birth. 
Women who spent 28 hours/day standing were ap- 
proximately 28% more likely to give birth before 37 
completed weeks’ gestation than women who reported 
no standing. Women who performed 24 hours/day 
of heavy work were 20% more likely to be delivered 
preterm than women who did no heavy work. Women 
who engaged in light work were less likely to be deliv- 
ered before term. To determine whether local differ- 
ences in physical activity accounted for the results, the 
associations between reported activity and preterm de- 
livery were evaluated separately for each center. In no 
center were the results substantially different’ from 
those in Table II. 

The adjusted relationships between various risk 
factors and preterm delivery are presented in Table 
III. Preterm delivery was significantly more common 
among black women (odds ratio compared with white 
women = 1.28; 95% confidence interval = 1.01 to 
1.63), women who smoked at the time of interview 
(odds ratio compared with nonsmokers = 1.47; 1.23 to 
1.75), and women in Texas (odds ratio compared with 
Columbia = 1.51; 1.11 to 2.05). The relationship be- 
tween household income and preterm delivery was 
complex; preterm delivery decreased with increasing 
income up to $15,000 to 19,999 per year (odds ratio 
compared with <$5000 = 0.36), then rose again to 
reach values similar to those for women in the lowest 
category (odds ratio for =$30,000 = 0.90). The other 
factors in Table III were not significantly associated 
with preterm birth. 

Long hours of standing remained significantly as- 
sociated with preterm birth, although the effect was 
modest (adjusted odds ratio = 1.31; 1.01 to 1.71). The 
trend for increasing preterm birth with increasing 
time standing was of borderline statistical significance. 
Heavy work was not associated with preterm birth. 
However, increasing time spent doing light work or 
exercise retained its significant negative association with 
preterm birth. 

Among the VIP study population, 1778 women (25% 
of the total) were working at 23 to 26 weeks’ gestation; 
1252 (70%) were employed in jobs with titles that were 
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95% Confidence 





interval 
Standing 
0 hr 10.2 1.00 — 
1-3 hr 12.6 1.27 1.05-1.53 
4-7 hr ity 1.17 0.96-1.42 
=8 hr 12.7 1.28 1.02-1.61 
p for trend = 0.046 
Heavy work 
0 hr 1.00 — 
1-3 hr 1.04 0.84-1.28 
=4 hr 1.20 0.91-1.59 
p for trend = 0.216 
Light work 
0 hr 16.2 1.00 _ 
1-3 hr 12.1 0.71 0.47-1.09 
4-7 hr 11.3 0.66 0.43-1.01 
=8 hr 9.8 0.56 0.36-0.87 
p for trend = 0.005 
Table III. Factors associated with preterm delivery after adjustment* 
Crater Ol 
Site Income (thousands of 
dollars) 
Columbia 1.007 <5 1.007 
Seattle 1.01 5-9.999 0.82 
Oklahoma E17 10-14.999 0.732 
Texas 1.514 15-19.999 0.36% 
New Orleans 0.99 20-24.999 1.05 
25-29.999 1.70 
=30 0.90 
Unknown 0.95 
Ethnicity Current smoking 
White 1.007 No 1.007 
Hispanic 1.07 Yes 1.46% 
Black 1.28% 
Age at interview (yr) Alcohol within past 3 mo 
<20 1.10 None 1.00+ 
20-24 1.08 Any 0.96 
25-29 1.007 
=30 1.23 
Education (yr) Parity 
<I2 0.96 () 1.007 
12 1.004 If 1.01 
>12 0.90 
Marital status Currently employed 
Married 1.007 No 1.007 
Never married 1.10 Yes 1.02 
Other 1.01 
Payment status 
Insurance 1.007 
Medicaid 1.0] 
Self-pay 0.92 
Other 1.03 





*Adjusted for the factors listed in the table, plus time spent standing and doing heavy and light work. 


+Reference group. 
tp < 0.05 versus reference group. 


classifiable according to the categories of Teitelman 
et al.’ This is similar to the 63% of employed women 
in the New Haven population with classifiable jobs. ' 
Among those in “active” jobs (n = 551), 10.5% were 


delivered preterm; among those in “standing” jobs 
(n = 435), 11.0% were delivered preterm; among those 
in “sedentary” jobs (n = 266), 8.2% were delivered pre- 
term. None of these percentages was significantly dif- 
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Table IV. Adjusted odds ratios for preterm delivery and adjusted mean birth weight by activity level 


Adjusted* odds ratio for 
preterm delivery 






Standing 
0 hr 1.00 
1-3 hr 1.26 
4-7 hr 1.19 
=8 hr 1S! 


p for trend = 0.061 
Heavy work 


Q hr 1.00 
1-3 hr 0.94 
>4 hr 1.04 


p for trend = 1.00 
Light work 
O hr 1.00 


1-3 hr 0.74 
4-7 hr 0.69 
>8 hr 0.59 


p for trend = 0.019 


95% Confidence interval 









Adjusted} mean birth weight (gm) 


— 3230 
1.03-1.53 3229 
0.95-1.48 3219 
1.01-1.71 3198 

p for trend = 0.120 

— 3210 
0.75-1.18 3187 
0.76-1.42 3261 

p for trend = 0.289 

— 3182 
0.48-1.14 3250 
0.44-1.07 3217 
0.38-0.93 3226 


p for trend = 0.247 


*Adjusted for study site, ethnicity, age, education, parity, marital status, income, smoking, alcohol consumption, insurance 


status, current employment. 
+Adjusted for the above factors plus gestational age. 


ferent from any of the others; adjustment for the fac- 
tors in Table III had little effect on these results. 

To determine the degree to which active, standing, 
and sedentary jobs were associated with reported ac- 
tivity, the mean hours of standing, light work, and 
heavy work were compared for women employed in 
the three types of jobs. Women employed in active, 
standing, and sedentary jobs reported 4.5, 5.6, and 1.7 


hours of prolonged standing (p < 0.0001 by analysis of 


variance); 1.1, 0.7, and 0.3 hours of heavy work (p < 
0.0001); and 6.1, 5.2, and 5.7 hours of light work (p = 
0.0002). These data indicate that although the job clas- 
sifications are somewhat associated with reported ac- 
tivity, the associations are not strong, possibly because 
they fail to consider nonoccupational physical activity. 

To investigate the possibility that errors in calculation 
of gestational age contributed to the inability to find a 
strong association of preterm birth and level of stren- 
uous activity, the relationship between activity and low 
birth weight (<2500 gm) was investigated. The per- 
centage of infants with low birth weights among women 
reporting 0, 1 to 3, 4 to 7, and =8 hours of standing 
were 7.3%, 7.5%, 7.8%, and 7.6%, respectively. The 
corresponding figures for light work were 12.4%, 7.3%, 
7.8%, and 6.8%. Among women reporting 0, 1 to 3, or 
=4 hours per day of heavy work, the low birth weight 
percentages were 7.5%, 7.5%, and 7.3%, respectively. 

Activity might have a greater effect on fetal growth 
than on length of pregnancy. To investigate this 
possibility, we calculated the mean gestational age— 
adjusted birth weight for infants of women in each 
activity group. Mean gestational age—adjusted birth 
weight did not vary significantly with reported hours 
of standing or heavy work (p values for trend 0.48 and 
0.22, respectively). Increasing time spent doing light 
work was associated with increased gestational age— 


adjusted birth weight in the unadjusted analysis, in- 
creasing from 3181 gm for women reporting 0 hours 
of light work to 3300 gm for women reporting 28 
hours of light work (p for trend = 0.048). After ad- 


justment for the factors listed in Table I, standing, 


heavy work, and light work were not associated with 
gestational age—adjusted birth weight (Table IV). 


Comment 


This study found that women who reported long 
hours of standing had a slightly increased risk of pre- 
term delivery. Heavy work was not associated with an 
increased risk of preterm delivery, and light work dem- 
onstrated a negative association with preterm delivery. 
These findings are in general agreement with those of 
Berkowitz,’ who noted that an absence of leisure ume 
physical activity was a risk factor for preterm birth, and 
who did not find a wide variety of measures of physical 
activity to be associated with preterm birth.’ Occupa- 
tional activity was not related to mean birth weight or 
gestational age in other studies." 

These results disagree with those of previous stud- 
ies'* that found occupational factors, including pro- 
longed standing, to be strongly associated with preterm 
birth. Both our study and that of Teitelman et al.* were 
prospective; activity data were collected before delivery. 
The other reports were based on retrospectively ascer- 
tained data." ° Our study differs from the former 
studies'* in one important respect: data on activity were 
not limited to occupational factors, but included all 
physical activity. However, when only occupational fac- 
tors were considered, no difference in preterm delivery 
was found among women employed in standing, active, 
and sedentary jobs. We obtained occupational data at 
the end of the second trimester, when physical activity 
would be expected to exert its greatest effect; Teitelman 
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et al.’ obtained most occupational data during the first 
trimester. Differential rates of quitting work as preg- 
nancy progressed were less likely to be of concern in 
our study. 

There is no obvious reason to explain why we were 
unable to replicate the results of Teitelman et al.* and 
Mamelle et al.'; a possible explanation may be the so- 
cioeconomic difference between the study populations. 
The New Haven and French populations comprised a 
broad cross-section of women with widely varying oc- 
cupations. In those settings, reported occupational 
physical activity may have been a surrogate for the more 
difficult to measure social class. Our predominantly 
clinic-based population demonstrated relatively little 
socioeconomic variability; 68% of women whose house- 
hold income was known earned <$10,000 per year and 
only 17% had private health insurance. This relative 
socioeconomic homogeneity may account for the min- 
imal effect of physical activity, both occupational and 
total, on preterm birth. Alternatively, the generally 
high-risk nature of the VIP population, with a preterm 
delivery rate of approximately 10%, may have obscured 
a subtle effect of physical activity on preterm birth. 

It could be argued that women employed in jobs that 
required prolonged standing were more likely to quit 
work as pregnancy advanced, thereby reducing their 
risk of adverse outcome. The VIP protocol called for 
random samples of women with uncomplicated preg- 
nancies to undergo an abbreviated reinterview at 31 to 
33 and 34 to 36 weeks. Of the 1252 women employed 
in classifiable occupations® at 23 to 26 weeks, 156 were 
reinterviewed. Sixty-seven percent of women with jobs 
requiring prolonged standing were still working, com- 
pared with 55% of those with active and 78% of those 
with sedentary jobs. Therefore the absence of an in- 
creased risk of preterm delivery among women with 
jobs that require prolonged standing is not a result of 
their likelihood to quit work earlier in pregnancy than 
women with other jobs. 

Reported physical activity was not associated with 
gestational age—adjusted birth weight. This is in agree- 
ment with Rabkin et al.,* who collected extensive pro- 
spective data on total physical activity at 17, 28, and 36 
weeks’ gestation. They found no associations between 
activity at either paid work or house work at any of 
the three time points and birth-weight-for-gestational 
age. Our results are also similar to those of Zuckerman 
et al.,” who found no difference in mean birth weight 
among women employed in standing occupations, 
other occupations, and unemployed women. 

In summary, we studied the effect of physical activity 
on the subsequent development of preterm birth and 
on gestational age—adjusted birth weight. Women en- 
gaged in prolonged periods of standing were at slightly 
increased risk of preterm delivery; heavy work or ex- 
ercise was not associated with preterm delivery. Women 
who engaged in light work or exercise during the first 
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5 months of pregnancy were at reduced risk of preterm 
delivery. The percentage of infants born before term 
did not differ among women engaged in predominantly 
standing, active, and sedentary occupations. Gestational 
age—adjusted birth weight was not associated with re- 
ported hours of standing, heavy work, or light work. 
These results cast doubt on the association between 
physical activity of the type usually practiced by preg- 
nant women and either duration of pregnancy or ges- 
tational age—adjusted birth weight, and raise the pos- 
sibility that unmeasured socioeconomic differences be- 
tween women reporting different levels of activity 
may account for previous positive findings on this 
subject. 

Although little risk was observed for physical activity 
and preterm birth, there may be a place for activity 
restriction among women who experience pregnancy 
complications. However, activity restriction may have 
unanticipated adverse consequences. Employed women 
may face a dilemma: they may be forced to work to 
retain pay and medical benefits, thereby risking the 
pregnancy, or they may quit working and lose pay, ben- 
efits, and perhaps the job. Women with other children 
or household responsibilities may be unable to restrict 
their activity despite the possible threat to their preg- 
nancy. Unfortunately, these issues are not easily re- 
solved. 


The VIP study group consists of the following: 

Sumner J. Yaffe, MD, Charlotte S. Catz, MD, Rob- 
ert P. Nugent, PhD, George G. Rhoads, MD, MPH (now 
at the University of Medicine and Dentistry of New 
Jersey), Donald McNellis, MD, Mark A. Klebanoff, MD, 
MPH, Howard J. Hoffman, MA, Heinz W. Berendes, 
MD, MHS, National Institute of Child Health and Hu- 
man Development 

Robert Edelman, MD (now at the University of Mary- 
land), William C. Blackwelder, PhD, Richard A. Kaslow, 
MD, MPH, George F. Reed, PhD, Mary Frances Cotch, 
PhD, National Institute of Allergy and Infectious Dis- 
eases 

Joan A. Regan, MD, Columbia University; Sterling 
Williams, MD, Harlem Hospital Center 

David H. Martin, MD, Joseph Pastorek, MD, Loui- 
siana State University, New Orleans; Paul Sommers, 
MD, Tulane University 

J. Christopher Carey, MD, Philip J. Rettig, MD, Uni- 
versity of Oklahoma, Oklahoma City 

Ronald S. Gibbs, MD (now at the University of Col- 
orado) University of Texas, San Antonio 

David A. Eschenbach, MD University of Washington, 
Seattle 

A. Vijaya Rao, PhD, W. Kenneth Poole, PhD, Re- 
search Triangle Institute, Research Triangle Park, 
North Carolina 
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Prenatal diagnosis of laryngeal atresia 
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In a patient in whom preeclampsia developed at 23 weeks’ gestation, ultrasonographic examination of the 
fetus showed enlarged edematous lungs, a compressed fetal heart, severe ascites, fetal hydrops, and 
placental edema. Autopsy of the hydropic stillborn infant showed laryngeal atresia. The ultrasonographic 
appearance of this rare malformation is presented. (Am J OssteT GYNECOL 1990;163:1456-7.) 


Key words: Laryngeal atresia, prenatal diagnosis, hydrops fetalis 


Laryngeal atresia is a rare congenital malformation 
that is incompatible with life. Antenatal diagnosis of 
this malformation is possible because of the secondary 
structural changes in the fetus that result from this 
condition. This report details the ultrasonographic 
findings and prenatal course of a patient whose fetus 
had laryngeal atresia. 


Case report 

A 34-year-old woman, gravida 3, para 1-0-1-1, was 
first seen for prenatal care at 7 weeks’ gestation. At 15 
weeks’ gestation an ultrasonographic examination 
showed normal fetal anatomy and the patient chose to 
have an amniocentesis because of increased maternal 
age. Amniotic fluid a-fetoprotein was 0.8 multiples of 
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the median, and the karyotype was 46,XX. At 23 weeks’ 
gestation, the patient’s blood pressure was 146/90 mm 
Hg and she had gained 8 pounds in | week. Repeat 
ultrasonographic examination showed a hydropic fetus 
with massively enlarged lungs, a compressed heart that 
appeared structurally normal (Fig. 1), severe ascites, 
and scalp edema. The placenta was thick and echo- 
genic, and the amniotic fluid volume was decreased. 
Significant laboratory values included a uric acid level 
of 7.1 gm/dl and aspartate aminotransferase of 32 
U/L (normal, 9 to 26 U/L). There was no proteinuria. 
Laboratory evaluation for hydrops included a nega- 
tive antibody screen, and negative toxoplasmosis, ru- 
bella, cytomegalovirus, herpes simplex, and parvovirus 
titers. 

A diagnosis of preeclampsia was made and induction 
of labor was accomplished for maternal indications with 
prostaglandin E, suppositories. A severely hydropic 
stillborn 1650 gm female fetus was delivered. At au- 
topsy, laryngeal atresia was found. The fetal lung was 
hyperplastic and weighed 70 gm (normal, 15 gm). 
There was massive ascites, with 1000 ml of peritoneal 
fluid. Duodenal atresia was also noted. The placenta 
weighed 560 gm and showed hydropic change. 
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Fig. 1. Fetal chest at level of four-chamber view. Massive enlargement of fetal lung is seen, causing 


compression of heart. 


Comment 

The most striking ultrasonographic finding in this 
fetus at 23 weeks’ gestation was the enlarged echogenic 
fetal lung (Fig. 1). The hyperplastic lung results from 
fetal lung secretions that accumulate in the tracheo- 
bronchial tree. It has been hypothesized that excessive 
retention of liquid in the lung, as is seen with laryn- 
geal atresia, promotes lung growth.' The fetal lung 
compression on the heart, great vessels, and thoracic 
duct may have caused the fetal hydrops. 

We were able to find one previous report of the ul- 





trasonographic appearance of laryngeal edema— in the 


Japanese literature.” This patient had a normal ultra- 
sonographic examination at 18 weeks, but at 22 weeks’ 
gestation ascites and enlarged echogenic lung were 
found. She eventually was delivered of a 2578 gm infant 
who died shortly after birth after failed attempts at 
intubation. 

Factors that influence amniotic fluid volume in this 
condition may include the presence of other associated 
anomalies and the degree of esophageal and stomach 
compression from ascitic fluid. 


Included in the differential diagnosis of a fetus with 
enlarged echogenic lungs is type III congenital cystic 
adenomatoid malformation of the lung, which may also 
be associated with fetal hydrops. However, this lesion 
is usually unilateral. 

Direct visualization of the fetal larynx with ultraso- 
nography to diagnose atresia is probably not possible 
at present, but the secondary structural changes in the 
fetal chest that result from this rare lesion are distinctive 
and may make antenatal diagnosis of this malformation 
possible. Ultrasonographic recognition of these char- 
acteristic changes may not be possible until after the 
middle of the second trimester because ultrasonogra- 
phy earlier in pregnancy showed normal fetal anatomy. 


REFERENCES 


l. Wigglesworth JS, Desai R, Hislop AA. Fetal lung growth 
in congenital laryngeal atresia. Pediatr Pathol 1987;7:515- 
25. 

2. Arizawa M, Imai S, Suehara N, Nakayama M. Prenatal 
diagnosis of laryngeal atresia [Translation]. Nippon Sanka 
Fijinka Gakki Zasshi 1989;41:907-10. 


Correlations between antepartum maternal metabolism and 


newborn behavior 
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We suggested that antepartum maternal metabolism may affect later cognitive and behavioral function of 
progeny by impacting on developing brain cells in utero. This study reports on the observed relationships 
between serial characterizations of maternal fuels during pregnancy and Brazelton neonatal behavioral 
assessment scale ratings of offspring from 73 well-controlled pregestational diabetic patients, 112 
gestational diabetic patients, and 24 nondiabetic patients. After controlling for the effects of premature birth 
on the Brazelton neonatal behavioral assessment scale, significant correlations were found between 
second- and third-trimester glycemic regulation (hemoglobin A,< and fasting plasma glucose levels) and 
three of four newborn behavioral dimensions of the Brazelton neonatal behavioral assessment scale. In 
each case, as maternal glucose increased, the newborns’ Brazelton neonatal behavioral assessment scale 
responses were poor. Results were not substantially different when gestational and pregestational diabetic 
patients were analyzed separately, nor can they be attributed to various perinatal events (neonatal 
asphyxia, hypoglycemia) or differences in socioeconomic status or ethnicity. The presence of fuel-related 
neurobehavioral deficits in neonates of diabetic mothers suggests that such infants start their interactions 
with care givers from a modified base. (Am J OBSTET GYNECOL 1990;163:1458-64.) 


Key words: Behavioral teratogenesis, fuel-mediated teratogenesis, offspring of diabetic 


mothers, newborn behavior 


Most maternal fuels gain access to the developing 
fetus in a concentration-dependent fashion throughout 
pregnancy.' As a consequence, fuel metabolism in the 
mother may determine the quantitative and qualitative 
characteristics of the nutrient mixture in which the fe- 
tus develops in utero.” This tissue culture aspect of 
pregnancy prompted the suggestion that maternal fuel 
economy may influence long-range characteristics of 
the progeny by modifying the phenotypic gene expres- 
sion of poorly replicating or terminally differentiated 
cells during embryogenesis or fetal development.” ' 
Freinkel* * designated the developmental possibilities 
as “fuel-mediated teratogenesis” and hypothesized that 
the long-range manifestations would depend on the 
cells in the fetus undergoing differentiation, prolifer- 
ation, or functional maturation at the time of the dis- 
turbance in maternal fuels. 
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We initiated a program at Northwestern University 
Medical School in 1977 to test for fuel-mediated tera- 
togenesis on a prospective basis. Diabetes was chosen 
as the operational paradigm because maternal fuels un- 
dergo the greatest perturbation in this condition. Thus 
all women with pregnancies complicated by diabetes 
mellitus who were seen at Prentice Women’s Hospital 
and Maternity Center of Northwestern Memorial Hos- 
pital between September 1977 and February 1983, and 
a smaller number of pregnant women with docu- 
mented normal carbohydrate metabolism, were given 
the opportunity to participate in this prospective study. 
They were enrolled in the Northwestern University Di- 
abetes in Pregnancy Center, and serial estimates of cir- 
culating maternal fuels were obtained throughout the 
antepartum management as a data base against which 
the project detailed examinations of the offspring at 
birth and during infancy and childhood. 

All gravid women with diabetes were given diabetes 
care consistent with the prevailing state of the art in- 
cluding multiple insulin injections each day. Thus se- 
vere metabolic abnormalities were not encountered in 
any participant during the 1977 to 1983 period of en- 
rollment, and a perinatal mortality rate of 1.9% was 
achieved even in the patients with insulin-dependent 
diabetes mellitus. Nevertheless, we have been able to 
show some distinct correlations between antepartum 
fuel metabolism and a number of subsequent charac- 


Volume 163 
Number 5, Part 1 


teristics of the offspring’ thereby attesting to the ex- 
quisite sensitivity of fuel-mediated teratogenesis. 

This manuscript summarizes the relationship be- 
tween maternal fasting plasma glucose, hemoglobin A,« 
(HbA,.), and B-hydroxybutyrate during the second and 
third trimesters of pregnancy and neonate perfor- 
mance on the Brazelton neonatal behavioral assessment 
scale.’ Portions of this manuscript were reported pre- 
viously in abstract form.’ 


Material and methods 


Subjects. Subjects were 209 pregnant women and 
their singleton neonates. Seventy-three gravid women 
had known diabetes that antedated the pregnancy, that 
is, pregestational diabetes mellitus, 112 gravid women 
had “glucose intolerance with onset or first recognition 
during pregnancy” that is, gestational diabetes melli- 
tus, and 24 gravid women had normal gestational car- 
bohydrate metabolism (nondiabetic patients) as docu- 
mented by oral glucose tolerance according to the cri- 
teria of O'Sullivan and Mahan.’ We excluded all women 
who required medication on a chronic basis for the 
treatment of medical or psychiatric problems or who 
were seriously noncompliant (i.e., repeatedly failed to 
complete scheduled tests, keep clinic appointments, or 
maintain written records of home monitoring for uri- 
nary glucose, acetone, or capillary blood sugar levels as 
this became available). All participants gave informed 
written consent, and detailed demographic and socio- 
economic data were collected by interview with Diabetes 
in Pregnancy Center staff. 

Management of mothers during pregnancy. Ante- 
partum care was provided according to a detailed 
protocol by a team of diabetologists, obstetricians, 
neonatologists, nurse educators, dieticians, and social 
workers. The core of senior physician-investigators re- 
mained unchanged throughout the 66-month period 
of enrollment. All women were seen at the outpatient 
clinic at least biweekly before 30 weeks’ gestation and 
weekly thereafter. Women with insulin-requiring dia- 
betes were hospitalized for approximately 1 week im- 
mediately after enrollment to assess metabolic status 
and improve diabetes education. A second hospitaliza- 
tion for further improvement of diabetes regulation 
was instituted at 28 weeks’ gestation for women who 
had enrolled before week 24. 

At each outpatient visit and twice weekly dur- 
ing hospitalization, blood samples were drawn after 
overnight fast to measure plasma glucose and B- 
hydroxybutyrate levels.'' Monthly estimates of HbA,. 
levels were obtained by column chromatography with 
macrocolumns.'* Mean values for fasting plasma glu- 
cose, B-hydroxybutyrate, and HbA c during the second 
and the third trimesters were derived for each subject 
by averaging all measurements obtained during those 
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intervals. Entry into the program was sufficiently early 
to secure adequate biochemical documentation of the 
second trimester in 88% of the women with pregesta- 
tional diabetes, 53% of the women with gestational di- 
abetes mellitus, and 75% of the women with normal 
glucoregulation. 

Neonatal care. Research personnel attended all de- 
liveries; infants were immediately transferred to Ohio 
bed warmers and Apgar scores were recorded at | and 
5 minutes. Umbilical artery pH at delivery was mea- 
sured in blood drawn from double-clamped segments 
of umbilical cord. Plasma glucose was determined in 
cord blood at delivery and in blood samples obtained 
by heel stick at hourly intervals for the first 4 hours 
thereafter. Initial feeding was at 4 hours after birth 
unless hypoglycemia (plasma glucose =30 mg/L) was 
encountered. In that case, infants were fed immediately 
or intravenous glucose was administered. Determina- 
tions of plasma calcium and bilirubin levels and con- 
tinued assessments of plasma glucose level and vital 
signs were also obtained. Complete physical exam- 
inations and estimations of gestational age as per 
Dubowitz'* and Lubchenco" were performed by senior 
neonatologists. 

Brazelton neonatal behavioral assessment scale test- 
ing. Three of the authors (R. H., P. B., and W. B.) 
performed all Brazelton neonatal behavioral assess- 
ment scale testing. They had been trained to an inter- 
rater reliability of >90% at the Brazelton training fa- 
cility at Children’s Hospital in Boston before the in- 
ception of the study. Reliability checks were conducted 
once or twice per year to prevent examiner drift. All 
209 infants were examined without knowledge of the 
mother’s metabolic status in a temperature- and light- 
controlled room near the regular care nurseries. Ex- 
aminations of preterm infants (i.e., <37 weeks’ gesta- 
tional age) were scheduled at 40 weeks’ gestational age 
to correct for neurobehavior maturation effects. Term 
infants (37 to 41 weeks) were seen on the second or 
third day after birth before discharge from the hospital. 

Individual Brazelton neonatal behavioral assessment 
scale responses were categorized into the following four 
dimensions as per Als, Tronick, Lester, and Brazelton”: 
interactive dimension; motoric dimension; state control 
dimension; and physiologic control dimension. De- 
scriptions of each dimension and its constituent items 
are presented in Table I. The interactive, motoric, and 
state control dimensions were scored 0 = excellent, 
l = average, and 2 = deficient. The physiologic con- 
trol dimension was scored 0 = average, 1 = deficient. 

Statistics. Data were analyzed by the partial corre- 
lation, one-way analysis of variance, and multivariate 
analysis of variance programs provided in the SPSS-X 
statistical software package" x? analyses, and the Fisher 
exact probability test. Specific group comparisons were 
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Table I. Brazelton neonatal behavioral assessment scale dimensional analysis* 





Dimension 


Interactive Infant's capacity for attention 
and social responsiveness 
Motoric Infant’s neuromuscular orga- 


nization and maturity 


State control 


sclousness 


Physiologic control 
sponsiveness 


Assessment 


Infant’s capacity to control 
his/her state of con- 


Infant’s autonomic lability re- 





Constituent items 


Visual and auditory orienting 
responses, alertness, cud- 
dliness, and consolability 

Motor tone, hand-to-mouth 
and pull-to-sit abilities, mo- 
tor maturity, defensive re- 
action, general activity 
level, and 21 elicited re- 
flexes 

Habituation to repeated stim- 
uli, peak of excitement, la- 
bility of states, rapidity of 
buildup, irritability, and 
self-quieting 

Startle responses, tremulous- 
ness, and lability of skin 
color 


Ew 


*Adapted from Als H, Tronick E, Lester B, Brazelton TB. Handbook of Infant Development. New York: Wiley, 1979. 


made by partitioning 3 X 2 contingency tables as per 
Castellan” within the x? analyses and with Tukey’s mul- 
tiple range test within the analysis of variance and mul- 
tivariate analysis of variance. Comparisons of partial 
correlation results were performed according to the 
procedure of McNemar.'* 


Results 


Maternal metabolism during pregnancy. On aver- 
age, women with pregestational diabetes mellitus were 
enrolled at 13.2 (SEM = 0.09) weeks’ gestation, women 
with gestational diabetes mellitus at 23.5 (SEM = 0.08) 
weeks, and nondiabetic study participants at 17.9 (SEM, 
1.2 weeks). Values for maternal HbA,<, fasting plasma 
glucose and B-hydroxybutyrate during the second and 
third trimesters (mean + SEM and the range of ob- 
served values) for each patient group are summarized 
in Table II. Multivariate analyses of variance per- 
formed on the mean values for each metabolite by pa- 
tient group (patients with pregestational diabetes mel- 
litus, patients with gestational diabetes mellitus, and 
nondiabetic patients) and trimester (within subjects fac- 
tor) showed*: (1) Mean levels of second- and third- 
trimester fasting plasma glucose and HbA, were 


*Since the multivariate analysis of variance is designed to 
evaluate the effect of trimester on maternal metabolism, 
subjects missing a second- or third-trimester HbA;c, fasting 
plasma glucose, or B-hydroxybutyrate value were excluded 
from the respective analysis. Consequently, the analyses pre- 
sented here involved 113 of the 185 (61%) gravid women with 
HbA, values, 80 of the 127 (63%) gravid women with B- 
hydroxybutyrate values, and 141 of the 209 (67%) gravid 
women with fasting plasma glucose values. Analyses of vari- 
ance performed on the means for each metabolite at each 
trimester determined that there were no significant differ- 
ences between gravid patients included in the multivariate 
analyses of variance (i.e., with metabolic values in both trimes- 
ters) and those omitted from these analyses because of missing 
metabolic data in one of the two trimesters. 


greater in mothers with pregestational diabetes mellitus 
than those with gestational diabetes mellitus and non- 
diabetic patients (all p < 0.05) and in patients with ges- 
tational diabetes mellitus vs nondiabetic patients (all 
p < 9.05); (2) mean second- and third-trimester B- 
hydroxybutyrate values did not differ significantly be- 
tween the two diabetic groups; however, both values 
were significantly higher in mothers with diabetes than 
in the nondiabetic group (p < 0.05); (3) mean fasting 
plasma glucose values were significantly higher in the 
second than in the third trimester for both diabetic 
groups (p < 0.001); (4) mean HbA,¢ was higher in the 
second than in the third trimester only for the group 
with pregestational diabetes mellitus (p < 0.05); and (5) 
mean B-hydroxybutyrate was significantly higher in the 
third than in the second trimester for the group with 
gestational diabetes mellitus and the nondiabetic group 
(p < 0.01). Before enrollment in our Diabetes in Preg- 
nancy Center, most subjects with pregestational dia- 
betes mellitus were not in optimal control and those 
with gestational diabetes mellitus were untreated. This 
most likely accounts for higher mean values of fasting 
plasma glucose and HbA c in the second trimester than 
in the third trimester. 

Physical findings in newborn. Pertinent neonatal 
and delivery information is summarized in Table III. 
One-way analyses of variance were performed on the 
mean values per patient group for gestational age of 
delivery, birth weight, and cord glucose. The x? anal- 
yses were performed on the incidence of preterm de- 
liveries (gestational age <37 weeks), neonatal macro- 
somia (birth weight >4000 gm), hypoglycemia, hypo- 
calcemia, hyperbilirubinemia, and l- and 5-minute 
Apgar scores <8. Differences in the incidence of neo- 
natal asphyxia (cord pH <7.1) in patients with preges- 
tational diabetes mellitus vs patients with gestational 
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Table II. Indexes of metabolic control 









Third trimester 


Second trimester 


Pregestational diabetes mellitus (n = 73) 


HbA,, (%) 5.9 + 0.2 3.6-9.1 52 5.6 + 0.1 3.6-8.9 67 
Fasting plasma glucose 126 + 5 70-231 64 104 + 2 69-150 73 
(mg/dl) 

8-hydroxybutyrate (mmol/L) 0.18 + 0.02 0.02-0.58 29 0.19 + 0.02 0.06-0.60 34 
Gestational diabetes mellitus (n = 112) 

HbA. 52 E 0.1 3.5-7.8 47 ET + Gil 3.5-7.4 96 

Fasting plasma glucose 104 + 2 69-153 59 62 + 1 68-136 112 

B-hydroxybutyrate 0.15 + 0.01 0.07-0.35 37 0.17 + 0.01 0.03-0.40 72 
Nondiabetic (n = 24) 

HbA, 4.7 + 0.3 3.3-6.4 17 4.3+ 0.1 3.3-5.6 22 

Fasting plasma glucose 78 + | 64-88 18 75 = 1 62-89 24 

B-hydroxybutyrate 0.10 + 0.01 .04 + 0.19 16 0.12 + 0.01 0.05-0.23 21 


Mean levels of second- and third-trimester fasting plasma glucose and HbA,, were greater in patients with pregestational 
diabetes mellitus than those with gestational diabetes mellitus and nondiabetic patients (all p < 0.05) and in patients with gestational 
diabetes mellitus vs nondiabetic patients (all p < 0.05). Patients with pregestational diabetes mellitus and gestational diabetes 
mellitus did not differ significantly in mean second- or third-trimester B-hydroxybutyrate; however, both groups had significantly 
higher B-hydroxybutyrate values than those of nondiabetic patients at both time points (p< 0.05). Mean HbA. 
was higher in the second than in the third trimester only for the group with pregestational diabetes melli- 
tus (p < 0.005). Mean fasting plasma glucose was higher in the second than in the third trimester for patients with pregesta- 
tional diabetes mellitus (p < 0.001) and gestational diabetes mellitus (p < 0.001), but not for nondiabetic patients. Mean B- 
hydroxybutyrate was higher in the third than in the second trimester for the group with gestational diabetes mellitus (p < 0.05) 
and the nondiabetic (p < 0.01) group only. 


Table III. Status at delivery and neonatal morbidities 


Pregestational diabetes mellitus Gestational diabetes mellitus Nondiabetic 


No. of subjects i 112 24 

Gestational age at deliv- $8.2 2 02 38.6 + 0.2 39.5 + 0.4 
ery (wk)* 

Delivery at <37 wk ges- 10 14 8 
tational age (%) 

Birth weight (gm)? 3644 + 84 3554, 4:62 3243 + 106 

Macrosomia (%) 29 27 13 

Cord glucose 115 = 6 105 + 4 97 +4 

Cord pH<7.1 (%) 4 0 0 

Hypoglycemia (%) 46 25 0 

Hypocalcemia (%) 9 6 0 

Hyperbilirubinemia (%) 26 20 9 

l-Minute Apgar score 40 35 23 
<8 (%) 

5-Minute Apgar score 14 2 5 
<8 (%)8 





Mean + SEM are reported for gestational age at delivery, birth weight, and cord glucose. 

*Patients with pregestational diabetes mellitus lower than nondiabetic patients (p < 0.05). 

+Nondiabetic patients lower than patients with gestational diabetes mellitus (p < 0.05) and pregestational diabetes mellitus 
(p < 0.05). 

Patients with pregestational diabetes mellitus greater than patients with gestational diabetes mellitus (p < 0.01) and nondiabetic 
patients (p < 0.001); patients with gestational diabetes mellitus greater than nondiabetic patients (p < 0.02). 


§Patients with pregestational diabetes mellitus greater than patients with gestational diabetes mellitus (p < 0.001). All other 
differences among patient groups were not significant (p > 0.05). 


diabetes mellitus and patients with pregestational dia- 
betes mellitus vs nondiabetic patients were evaluated 
by the Fisher exact probability test. 

These analyses showed that gestational age at deliv- 
ery was significantly lower among offspring of patients 
with pregestational diabetes mellitus than that of off- 


spring of nondiabetic patients (p < 0.05); the offspring 
of patients with gestational diabetes mellitus did not 
differ significantly from offspring of either patients 
with pregestational diabetes mellitus or nondiabetic pa- 
tients. The incidence of preterm deliveries did not dif- 
fer significantly among the three groups. Birth weight 
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Table IV. Partial correlations* between antepartum fuels and neonate Brazelton neonatal behavioral 


assessment scale responses 





Dimension Metabolic index 
Interactive HbA, (r 
Fasting plasma glucose (r 
B-hydroxybutyrate 
Motoric HbA,, (r 


Fasting plasma glucose 
B-hydroxybutyrate 
State control HbA, 
Fasting plasma glucose 
B-hydroxybutyrate 
Physiologic control lc 
Fasting plasma glucose (r 
B-hydroxybutyrate 





*Controlling for gestational age at delivery. 


was significantly greater in both diabetic groups than 
in the nondiabetic group (both p < 0.05). Whereas the 
incidence of macrosomia in patients with pregestational 
diabetes mellitus and patients with gestational diabetes 
mellitus was twice that in nondiabetic patients, the dif- 
ferences were not statistically different presumably be- 
cause of the small number of nondiabetic subjects. 
Mean cord blood glucose levels did not differ signifi- 
cantly among the three groups, nor did the incidence 
of cord pH <7.1. The incidence of hypoglycemia was 
significantly increased in the group with pregestational 
diabetes mellitus compared with the group with ges- 
tational diabetes mellitus (p < 0.01) and the nondi- 
abetic group (p < 0.001), and in the group with ges- 
tational diabetes mellitus compared with the non- 
diabetic group (p < 0.02). Finally, there were no 
significant group differences in the incidence of hy- 
pocalcemia, hyperbilirubinemia, or l-minute Apgar 
scores <8. Significantly more offspring of patients with 
pregestational diabetes mellitus (14%) had 5-minute 
Apgar scores <8 than offspring of the group with ges- 
tational diabetes mellitus (2%, p < 0.001); whereas the 
incidence was 5% in the nondiabetic group (p = NS). 

Brazelton neonatal behavioral assessment scale 
evaluations. To determine the relationship between an- 
tepartum maternal metabolism and neonate behavior, 
partial correlations were performed between each of 
the four Brazelton neonatal behavioral assessment scale 
dimensions (interactive, motoric, state control, and 
physiologic control) and the three indexes of ma- 
ternal metabolism (HbA c, fasting plasma glucose, ß- 
hydroxybutyrate) after controlling for gestational age 
at delivery. Partial correlation analyses were instituted 
because differences in the Brazelton neonatal behav- 
ioral assessment scale responses of preterm and term 
infants have been observed even when the preterm 
infants were tested at term age.” 

Results are summarized in Table IV. Significant (p < 
0.05) or marginally significant (p < 0.1) positive cor- 


Second 


0.1 
0.16, 


Trimester 


Third 


.17, n = 116, p < 0.07) (r = 0.14, n = 185, p < 0.06) 
= 141, p < 0.06) (n = 209, NS) 
n = 82, NS) (n = 127, NS) 

0.20, n = 116, p < 0.04) (r = 0.18, n = 185, p < 0.02) 
(n = 141, NS) (n = 209, NS) 
(n = 82, NS) (n = 127, NS) 
(n = 116, NS) (n = 185, NS) 
(n = 141, NS) (n = 209, NS) 
(n = 82, NS) (n = 127, NS) 
(n = 116, NS) (n = 185, NS) 
0.19, n = 141, p < 0.03) (n = 209, NS) 
(n = 82, NS) (n = 127, NS) 


relations were found between antepartum maternal 
glucoregulation and three of the four Brazelton neo- 
natal behavioral assessment scale dimensions. In each 
instance, poorer control of maternal glucose was fol- 
lowed by poorer Brazelton neonatal behavioral assess- 
ment scale ratings of the neonate. Thus test scores on 
the interactive dimension were correlated to a margin- 
ally significant extent with second-trimester HbA,c (p < 
0.07) and fasting plasma glucose (p < 0.06), and third- 
trimester HbA,. (p < 0.06); the motoric dimension 
correlated significantly with second- (p < 0.04) and 
third-trimester (p < 0.02) HbA c; and the physiologic 
control dimension correlated significantly with second- 
trimester fasting plasma glucose (p < 0.03). None of 
the Brazelton neonatal behavioral assessment scale di- 
mensions correlated significantly with fasting plasma B- 
hydroxybutyrate. 

To evaluate the effects of various perinatal factors 
on these metabolism-Brazelton neonatal behavioral as- 
sessment scale correlations, the partial correlation anal- 
yses were repeated with the following variables in- 
cluded as covariates: delivery type (1.e., cesarean vs 
vaginal), macrosomia, cord glucose, cord pH, neo- 
nate hypoglycemia, hyperbilirubinemia, and 1l- and 5- 
minute Apgar scores. Results from these analyses were 
compared with those reported above via the procedure 
described by McNemar."* In no instance were the pre- 
viously reported findings altered significantly by any 
perinatal factor (all p > 0.70). 

Similarly, we evaluated the effects of ethnicity and 
socioeconomic status on the metabolism-Brazelton neo- 
natal behavioral assessment scale correlations listed 
here by repeating the partial correlation analyses with 
ethnic origin (white vs minority), family income, and 
mother’s and father’s highest grade achieved as co- 
variates. As with the perinatal factors, these analyses 
showed that in no instance were the previously re- 
ported findings altered significantly by ethnic or socio- 
economic factors (all p > 0.90). 
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To assess for possible interactions linked to the na- 
ture of the maternal diabetes, the populations with pre- 
gestational diabetes mellitus and gestational diabetes 
mellitus were analyzed separately. Despite the smaller 
numbers and metabolic variance in these subgroups 
similar patterns emerged. As found in the prior anal- 
ysis with the entire population, scores on the Brazelton 
neonatal behavioral assessment scale state control di- 
mension did not correlate significantly with any index 
of antepartum maternal metabolism in the separate 
groups. And, significant or marginally significant cor- 
relations were obtained for the other three Brazelton 
neonatal behavioral assessment scale dimensions. In 
gravid women with pregestational diabetes mellitus, 
second-trimester fasting plasma glucose values cor- 
related with neonate performance on the Brazelton 
neonatal behavioral assessment scale interactive (r = 
0.24, n = 64, p < 0.06), motoric (r = 0.22,n = 64, p < 
0.09), and physiologic control (r = 0.26, n = 64, p< 
0.04) dimensions; and second-trimester HbA, cor- 
related significantly with the neonate ratings on the 
morotic dimension (r = 0.40, n = 52, p < 0.003). In 
gravid patients with gestational diabetes mellitus, 
second-trimester fasting plasma glucose correlated sig- 
nificantly with neonate performance on the physio- 
logic control dimension (r = 0.37, n = 59, p < 0.004); 
and third-trimester HbA c correlated significantly with 
neonate ratings on the motoric dimension (r = 0.20, 
n = 96, p < 0.06). 


Comment 


The Northwestern University Diabetes Pregnancy 
Center was established to conduct prospective evalua- 
tions of Freinkel’s* proposition that maternal fuels may 
exert long-range effects on the progeny by modifying 
phenotypic gene expression in key cells during critical 
phases of intrauterine development (1.e., fuel-mediated 
teratogenesis). This manuscript reports on the ob- 
served relations between maternal fasting plasma glu- 
cose, HbA,<, and B-hydroxybutyrate in the second and 
third trimesters and the subsequent behavioral char- 
acteristics of 209 singleton neonates. The estimates of 
fasting plasma glucose and B-hydroxybutyrate levels 
were obtained at biweekly and weekly intervals to pro- 
vide indexes of glycemic control and lipid metabolism 
after 11 to 14 hours of dietary deprivation; the HbA c 
measurements were obtained monthly as an index of 
integrated glycemic excursions during and after meals. 
Estimation of HbA,. had become clinically feasible at 
the inception of this study in 1977. Thus HbA, was 
chosen as a realistic alternative to random clinic mea- 
surements of postprandial plasma glucose because 
home glucose monitoring had not yet become a stan- 
dard management procedure. The Brazelton neonatal 
behavioral assessment scale was chosen to gauge neu- 
robehavior status because it has gained wide acceptance 
as one of the premier instruments for integrative char- 
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acterization of nervous system function in the newborn 
period. Such characterizations may be of particular 
interest for metabolic correlations with antepartum 
events inasmuch as substantial central nervous system 
plasticity still obtains in the neonate and intrinsic func- 
tion has not been modified by extrauterine environ- 
mental factors or interactions with care givers. 

We found significant correlations between antepar- 
tum maternal glucoregulation and three of the four 
Brazelton neonatal behavioral assessment scale dimen- 
sions. In each case, poorer regulation of maternal glu- 
cose was followed by poorer Brazelton neonatal be- 
havioral assessment scale ratings of the neonate. Per- 
formance on the motoric dimension correlated with 
second- and third-trimester HbA,-; performance on 
the interactive dimension correlated with second- and 
third-trimester HbA,c and second-trimester fasting 
plasma glucose; and performance on the physiologic 
control dimension correlated with second-trimester 
fasting plasma glucose. It should be noted that these 
correlations were established within a population of 
subjects in whom metabolic status was normal to mod- 
erately impaired. Thus even in the group with pre- 
gestational diabetes mellitus mean values for fasting 
plasma glucose were <105 mg/dl in the third trimes- 
ter and did not exceed 231 mg/dl in any study partic- 
ipant. Similarly, mean B-hydroxybutyrate levels in both 
groups with diabetes were minimally elevated and no 
single measurement exceeded 0.60 mmol/L. Further, 
these relations persisted even when the populations 
with pregestational diabetes mellitus and gestational di- 
abetes mellitus were analyzed separately. Thus insofar 
as most of the women with pregestational diabetes mel- 
litus had type I diabetes, whereas women with gesta- 
tional diabetes mellitus are at high risk for later de- 
velopment of type II diabetes, the observed correlations 
appear to be determined by phenotypic factors (i.e., the 
degree of the disturbance in the metabolism of the 
mother during pregnancy) rather than genotypic con- 
siderations (i.e., the nature of the mothers’ diabetes). 
Finally, the present results cannot be ascribed to socio- 
economic or ethnic variables. 

Four additional factors should be considered. First, 
these findings are consistent with earlier reports that 
diabetes in the mother may affect neonate Brazelton 
neonatal behavioral assessment scale responses.*” *' 
However, the present study directly implicates maternal 
fuels for the first ttme and provides the additional 
details concerning temporal relationships, treatment 
schedules, and neonatal events that can only be gleaned 
from prospective experimental design. Second, because 
metabolic control across trimesters may be interrelated 
we cannot exclude an influence of first-trimester con- 
trol in our population. Indeed, recent studies by Pe- 
tersen and colleagues” * suggest that early (i.e., first 
trimester) intrauterine growth delay in diabetic preg- 
nancies is associated with psychomotor deficits in the 


yi 


1464 Rizzo etal. 


progeny at age 4 to 5 years. Presumably such delays 
are derived from mothers with worse diabetic control 
as judged by earlier evidence that such mothers had 
worse HbA,,.*' Third, because glucoregulation is likely 
to serve as a marker for metabolic control in general, 
we believe it is premature to identify glucose as the 
principal factor in these metabolic-behavioral associa- 
tions. 

Finally, we emphasize that the demonstration of these 
relationships in diabetic patients with good-to-excellent 
metabolic regulation in the second and third trimesters 
of gestation attests to the exquisite sensitivity of devel- 
opmental events to fuel-mediated influences. Given this 
reduced degree of metabolic variance an attenuation 
in the magnitude and significance of the obtained cor- 
relations was expected. However, the clincial signifi- 
cance of these correlations remains: (1) even relatively 
slight perturbations in endogenous substances during 
pregnancy may have deleterious effects on the fetus, 
and (2) maintaining tight diabetic control during preg- 
nancy has important health benefits to the neonate. The 
presence of fuel-related neurobehavior deficits in neo- 
nates of diabetic mothers with poorer metabolic reg- 
ulation suggests that such infants start their interactions 
with care givers from a modified base. Whether these 
neurobehavior deficits are truly teratogenic (i.e., long- 
lasting) or transient (i.e., subject to recovery) remains 
to be established from follow-up studies that are in 
progress. 


A number of colleagues have participated in the 
establishment of the antepartum and peripartum man- 
agement procedures at the Northwestern Univer- 
sity Diabetes in Pregnancy Center since its inception 
in 1977. We are particularly grateful to senior col- 
laborators such as Richard L. Phelps in Medicine, 
Drs. R. Depp, S. Dooley, R. Sabbagha, J. Sciarra, 
M. Socol, and R. Tamura in Obstetrics, and Drs. J. 
Boehm and E. Ogata in Neonatology. We are also in- 
debted to the nursing staff of the Clinical Research Unit 
at Northwestern Memorial Hospital for help in the 


management of a number of our patients; and to Geoff 


Page, Ed Murillo, and past members of the Diabetes in 
Pregnancy Center Biometry section for help in data 
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program for initial herpes genitalis. As 
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of pain, shortens viral shedding, and 
speeds healing." 


Whenever the comfort of a topical 
antiviral medication is desired, prescribe 
Zovirax Ointment 5% for initial herpes 
genitalis. It suits her needs—just when 
she needs it most. 


In initial herpes 
genitalis, 
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Antiviral Action... 
Proven Results 





Please see brief summary of prescribing 
information on next page. 
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ZOVIRAX 
(ACYCLOVIR) 
OINTMENT 5% 


Before prescribing, please consult full package insert, à surhimary of which follows: 


INDICATIONS AND USAGE: Zovirax (Acyclovir) Ointment 5% is indicated in the management of initial 
herpes genitalis and in limited nonlife-threatening mucocutaneous Herpes simplex virus infections 
in immunocompromised patients. In clinical trials of initial herpes genitalis, Zovirax Ointment 5% has 
shown a decrease in healing time and in some cases a decrease in duration of viral shedding and 
duration of pain. In studies in immunocompromised patients with mainly herpes labialis, there was 
a decrease in duration of viral shedding and a slight decrease in duration of pain. 

By contrast, in studies of recurrent herpes genitalis and of herpes labialis in nonimmunocompro- 
mised patients, there was no evidence of clinical benefit; there was some decrease in duration of viral 
shedding. 

Diagnosis: Whereas cutaneous lesions associated with Herpes simplex infections are often 
characteristic, the finding of multinucleated giant cells in smears prepared from lesion exudate or 
scrapings may assist in the diagnosis.’ Positive cultures for Herpes simplex virus offer a reliable means 
for confirmation of the diagnosis. In genital herpes, appropriate examinations should be performed 
to rule out other sexually transmitted diseases. 


CONTRAINDICATIONS: Zovirax Ointment 5% is contraindicated for patients who develop hypersen- 
sitivity or chemical intolerance to the components of the formulation. 


WARNINGS: Zovirax Ointment 5% is intended for cutaneous use only and should not be used in the eye. 


PRECAUTIONS: 

General: The recommended dosage, frequency of applications, anc length of treatment should not 
be exceeded (see DOSAGE AND ADMINISTRATION). There exist no data which demonstrate that the 
use of Zovirax Ointment 5% will either prevent transmission of infection to other persons or prevent 
recurrent infections when applied in the absence of signs and symptoms. Zovirax Ointment 5% should 
not be used for the prevention of recurrent HSV infections. Although clinically significant viral resis- 
tance associated with the use of Zovirax Ointment 5% has not been observed, this possibility exists. 
Drug interactions: Clinical experience has identified no interactions resulting from topical or systemic 
administration of other drugs concomitantly with Zovirax Ointment 5%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 150 and 450 mg/kg/day given by gavage. These studies 
showed no statistically significant difference in the incidence of benign and malignant tumors pro- 
duced in drug-treated as compared to control animals, nor did acyclovir induce the occurrence of tumors 
earlier in drug-treated animals as compared to controls. In 2 in vitro cell transformation assays, used 
to provide preliminary assessment of potential oncogenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose 
used in one system and the resulting morphologically transformed cells formed tumors when inoculated 
into immunosuppressed, syngeneic, weanling mice. Acyclovir was negative in another transforma- 
tion system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg acyclovir 
in rats or Chinese hamsters; higher doses of 500 and 1000 mg/kg were clastogenic in Chinese 
hamsters. In addition, no activity was found in a dominant lethal study in mice. In 9 of 11 microbial 
and mammalian cell assays, no evidence of mutagenicity was observed. In 2 mammalian cell assays 
(human lymphocytes and L5178Y mouse lymphoma cells in vitro), positive response for mutagenici- 
ty and chromosomal damage occurred, but only at concentrations at least 1000 times the plasma levels 
achieved in man following topical application. 

Acyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day or in 
fats at subcutaneous doses up to 25 mg/kg/day. In rabbits given a high dose of acyclovir (50 
mg/kg/day, s.c.), there was a statistically significant decrease in implantation efficiency. 
Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day, p.o.), rabbit (50 mg/kg/day, s.c. and i.v.) or in standard tests in the rat (50 
mg/kg/day, s.c.). In a non-standard test in rats, fetal abnormalities, such as head and tail anomalies, 
were observed following subcutaneous administration of acyclovir at very high doses associated with 
toxicity to the maternal rat. The clinical relevance of these findings is uncertain.? There are no ade- 
quate and well-controlled studies in pregnant women. Acyclovir should not be used during pregnan- 
cy unless the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Zovirax is administered to a nursing 
woman. 


ADVERSE REACTIONS: Because ulcerated genital lesions are characteristically tender and sensitive 
to any contact or manipulation, patients may experience discomfort upon application of ointment. 
In the controlled clinical trials, mild pain (including transient burning and stinging) was reported by 
103 (28.3%) of 364 patients treated with acyclovir and by 115 (31.1%) of 370 patients treated with 
placebo; treatment was discontinued in 2 of these patients. Other local reactions among acyclovir- 
treated patients included pruritus in 15 (4.1%), rash in 1 (0.3%) and vulvitis in 1 (0.3%). Among 
the placebo-treated patients, pruritus was reported by 17 (4.6%) and rash by 1 (0.3%). 

In all studies, there was no significant difference between the drug and placebo group in the rate or 
type of reported adverse reactions nor were there any differences in abnormal clinical laboratory findings. 
OVERDOSAGE: Overdosage by topical application of Zovirax Ointment 5% is unlikely because of limited 
transcutaneous absorption (see Clinical Pharmacology). 


DOSAGE AND ADMINISTRATION: Apply sufficient quantity to adequately cover all lesions every 3 
hours 6 times per day for 7 days. The dose size per application will vary depending upon the total 
lesion area but should approximate a one-half inch ribbon of ointment per 4 square inches of surface 
area. A finger cot or rubber glove should be used when applying Zovirax to prevent autoinoculation 
of other body sites and transmission of infection to other persons. Therapy should be initiated as ear- 
ly as possible following onset of signs and symptoms. 

HOW SUPPLIED: Zovirax Ointment 5% is supplied in 15 g tubes (NDC 0081-0993-94) and 3 g tubes 
(NDC 0081-0993-41). Each gram contains 50 mg acyclovir in a polyethylene glycol base. Store at 
15°-25°C (59°-77°F) in a dry place. 
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A red spot means a lot to a woman. 


A red spot may mean breakthrough bleeding 





Tri-Levlen means - 
a low incidence of breakthrough 


bleeding/spotting” 


Multicenter study demonstrates significantly less 
breakthrough bleeding/spotting through the first six cycles’ 
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Cycle I : 
E Tri-Levien ~ Ortho-Novum* 7/7/7 


P< 0.05 for cycles 1,2,3, and 5' 


n= number of women with a bleeding event occurring during a cycle. 


TRI-LEVLEN 


Levonorgestrel and ethinyl estradiol tablets Triphasic regimen 


may mean a lot to a woman 


* Incidence defined as percentage of women with a bleeding event occurring at least once during a pill cycle. 
Serious as well as minor side effects have been reported with the use of oral contraceptives. 
The physician should remain alert to the earliest symptoms of serious disease and discontinue oral contraceptive 
therapy when appropriate. Please see full prescribing information, a brief summary of which follows. 


+ Defined as intermenstrual bleeding. 


Ortho-Novum*" is a registered trademark of Ortho Pharmaceutical Corp. 


A) BE Dedicated to innovation 
A in OB/GYN medicine 





TRI-LEVLEN”® 28 Levonorgestrel and ethiny! estradiol 
TRI-LEVLEN® 21 tablets—Triphasic regimen 


BRIEF SUMMARY 
Tri-Levien* —6 brown tablets, each containing 0.050 mg of levonorgestrel (d{-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic apy te and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne-3, 17- 
diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic regimen). 
Indications and Usage— Iri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OCs) as a method of contraception. 
Contraindications—OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5) 8. Benign or malignant liver tumor which 
Pee during the use of OCs or other estrogen-containing products. 

arnings 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk increases with age and 
with heavy smoking (15 or more ci es per day) and is quite marked in women over 35 years of age. Women who use oral 
contraceptives should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, 5 adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 

















1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49—149/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not 
possible, however, to examine the interrelationships of age, smoking and duration of use, 
nor to compare the effects of continuous vs. intermittent use. Although the study showed 
a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of 
these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess the 
magnitude of the relative risk for this younger age group. The available data from a 
variety of sources have been analyzed to estimate the risk of death associated with 
various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic 
disease in the case of OCs) plus the risk attributable to pregnancy or abortion in the event 
of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion, The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insuffi- 
ciency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug should 
be discontinued immediately. A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported in OC 
users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an increased risk of 
thromboembolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the 
use of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis 
or diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies 
have reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in 
postmenopausal women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of 
adenocarcinoma of the endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for 
adenocarcinoma of the endometrium (e.g. irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in 
women who had used a sequential OC. These products are no longer marketed. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestogen-only OCs. Several studies have found no 
increase in breast cancer in women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast 
cancer in women treated with OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A 
reduced occurrence of benign breast tumors in users of OCs has been well-documented. In summary, there is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs 
is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules, 
fibrocystic disease or abnormal mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones—both estrogenic and progestational agents— during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethylstilbestro!, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
detects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
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Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. If the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 
7. Carbohydrate and Lipid Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the Tri- 
Levlen Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study The clinical significance of these 
findings remains to be defined. 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. in the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 
9. Headache. The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 
10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. In 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal bleeding from the vagine, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity. should be done only if necessary, 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities 
ll. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures 
12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deterred until the infant has been weaned. 
Precautions—GENERAL—|. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts. abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a genera! rule, OCs should not be prescribed for longer than 1 year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which 
may result in a relative pyridoxine deficiency. The clinical significance of this is yet to be 


@) determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnant 

y woman is predisposed to the development of folate deficiency and the incidence of folate 
deficiency increases with increasing gestation, it 1s possible that if a woman becomes 

pregnant shortly after stopping OCs, she may have a greater chance of developing folate 


Levonorgestrel and ethinyl estradiol tablets— 
Triphasic regimen 


deficiency and complications attributed to this deficiency. 9. The pathologist should be 
advised of OC therapy when relevant specimens are submitted. 10. Certain endocrine- 
and liver-function tests and blood components may be affected by estrogen-containing 
OCs: a. Increased sulfobromophthalein retention. b. Increased prothrombin and factors 
Vil, Vill, IX and X; decreased antithrombin 3; increased norepinephrine-induced platelet 
aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total-thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay. Free T3 resin uptake 
is decreased, reflecting the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 

Information for the Patient—See Patient Package Labeling 

Drug interactions —Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 

Pregnancy—Pregnancy Category X. See “Contraindications” and “Warnings.” 

Nursing Mothers—See “Warnings.” 

Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis. cerebral thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed. mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis 

The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding: spotting; change in menstrual flow; dysmenorrhea, amenorrhea during and after 
treatment. temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leromyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted.: 
premenstrual-like syndrome, cataracts, changes in libido, chorea. changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome 

Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

Dosage and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 

For full details on dosage and administration see prescribing information in package insert. 60611-1 5/86 


Reference: 1. Data on file, Berlex Laboratories, Inc. 
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Antenatal microbiologic and maternal risk factors associated 
with prematurity 
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In a prospective study of 202 women (gestational age 24 + 4 weeks), we evaluated possible influences of 
lower genital tract infection or bacterial conditions on obstetric outcomes, including preterm labor, preterm 
premature rupture of membranes, and preterm birth. The presence of bacterial vaginosis (18.7%) was 
associated w th an increased risk of preterm labor (relative risk, 2.6; 95% confidence interval, 1.08 to 
6.46). For women with bacterial vaginosis who also had Mobiluncus species morphotypes identified on 
Gram stain, the relative risk of preterm labor was 3.8 (95% confidence interval, 1.32 to 11.5). Presence of 
vaginal Mycoplasma hominis (10.8% of patients) was associated with both preterm labor (relative risk, 1.8; 
95% confidence interval, 0.77 to 4.4) and preterm birth (relative risk, 5.1; 95% confidence interval, 1.45 to 


17.9). Recovery of Staphylococcus aureus (3.0%) was associated with preterm labor (relative risk, 3.1; 
95% confidence interval 1.12 to 8.7). identification of two or more bacterial-linked abnormalities was also 
associated with preterm labor (relative risk, 3.3; 95% confidence interval, 1.44 to 7.58). An increased level 
of vaginal wash protease (=10 trypsin units) (16%) was associated with preterm labor and was noted in 
50% of women with preterm premature rupture of membranes. A history of prior preterm birth was the 
single best historical predictor of both preterm labor (relative risk, 3.6; 95% confidence interval, 1.92 to 
6.83) and p-eterm birth (relative risk, 6.7; 95% confidence interval, 2.2 to 20.4). History of three or more 
abortions, antenatal urinary tract infection, and occurrence of medical complications during pregnancy also 
correlated with increased risk of preterm labor. These findings affirm and refine associations of various 
maternal reproductive tract infections with preterm labor, premature rupture of membranes, and birth, 
allowing for controlled treatment trials aimed at prevention of preterm birth. (AM J OBSTET GYNECOL 


1990;163:1465-73.) 


Key words: Prematurity, preterm birth, bacteria, infection, risks, pathogenesis 


Preterm labor with subsequent delivery of premature 
newborns remains the largest cause of perinatal mor- 
bidity and mortality worldwide.’ Much past work has 
focused on identification of maternal demographic, be- 
havioral, obstetric, and medical factors associated with 
increased risk of preterm labor and birth. Disappoint- 
ingly, inzerventions on the basis of these risk factors 
have yielded only inconsistent results.“ To be optimally 
effective in the reduction of risks of preterm birth, 
intervention strategies should be based on understand- 
ing of the pathophysiologic processes involved and fo- 
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cus on safe treatment of specifically implicated etiologic 
factors. 

Much epidemiologic, clinical, and laboratory in- 
formation indicates that reproductive tract infection 
and the inflammatory responses engendered are 
linked to some instances of preterm labor, preterm 
rupture of membranes (PROM), and preterm ~ 
birth.*'* Studies have shown that women who have id- 
iopathic preterm labor frequently have one or more of 
these findings: (1) increased evidence of histologic 
chorioamnionitis® °; (2) increased recovery of cer- 
tain microorganisms from the fetal membranes or 
placenta” *; (3) increased recovery of microorganisms, 
bacterial endotoxin, or inflammatory mediators from 
amniotic fluid.® ° 

Attempts to identify and correlate the presence of 
specific lower genital tract microflora or bacterial con- 
ditions, such as bacterial vaginosis, with preterm birth 
or PROM have yielded inconclusive findings. A variety 
of lower reproductive tract microorganisms, including 
Neisseria gonorrhoeae, Chlamydia tracnomatis, Trichomonas 
vaginalis, group B streptococcus, Mycoplasma hominis, 
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Ureaplasma urealyticum, and various anaerobic flora as 
well as bacterial vaginosis, have been linked to preterm 
birth in case-controlled studies.”* "=" Such studies have 
been difficult to interpret because: (1) different micro- 
organisms or conditions are sought in various investi- 
gations; {2) techniques for screening and identification 
of microorganisms differ; (3) the prevalence of micro- 
organisms varies in different populations; or (4) asso- 
ciations with multiple microorganisms are not sought. 
In addition to lower genital tract microflora, the pres- 
ence of specific cumulative microbial-host interactions 
that may lead to increased local tissue levels of possible 
virulence factors, such as phospholipases or proteases, 
may also play roles in the pathogenesis of preterm labor 
or PROM. | 

Therefore we undertook a prospective study to eval- 
uate possible influences of lower reproductive tract mi- 
croorganisms or bacterial conditions implicated in the 
occurrence of preterm labor or PROM. Wash samples 
for measurement of nonspecific vaginal fluid proteases 
were also evaluated. To increase the applicability of 
possible results, we used only widely available and rel- 
atively inexpensive microbiologic techniques. Detailed 
aspects of demographic, obstetric, and medical infor- 
mation were collected and correlated with microbio- 
logic findings and reproductive outcomes. 


Patients and methods 


Patient population. Between January 1985 and April 
1986, 202 pregnant women receiving care at two pub- 
licly supported prenatal clinics in Denver were enrolled 
and prospectively followed up with their infants 
through 6 weeks post partum. Patients were enrolled 
at approximately 24 weeks’ gestation. Women with 
known multiple gestation, cervical cerclage, placenta 
previa, history of vaginal bleeding during pregnancy, 
or history of preterm labor occurring in this pregnancy 
were excluded. Women were also excluded if within the 
previous 2 weeks they have received vaginal or systemic 
antimicrobial treatment, if they reported history of 
douching within 24 hours of examination, or if they 
were unwilling or unable to sign informed consent. Six 
patients were excluded from analysis because they were 
lost to follow-up for the remainder of the pregnancy 
or for delivery information. Placenta previa was diag- 
nosed in three women subsequent to enrollment; these 
women remained in the study. A total of 196 pregnant 
women and newborns were evaluated. This study was 
reviewed and approved by the Human Subjects Com- 
mittee of the University of Colorado Health Sciences 
Center. 


Methods. On admission to the study, patients were ` 


interviewed to obtain detailed demographic, obstetric, 
and medical histories, and to complete the Creasy risk 
of preterm delivery scale.* A sterile speculum exami- 
nation was performed; characteristics of vaginal dis- 
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charge (consistency, amount, color, odor) were re- 
corded on standard forms. Sterile cotton swabs that had 
been previously demonstrated nontoxic for chlamydial 
and Mycoplasma cultures were used to collect specimens. 
Samples obtained were endocervical specimens for cul- 
ture of N. gonorrhoeae, C. trachomatis, and Microtrak 
(Syva Corp., Palo Alto, Calif.) chlamydia antigen, and 
midvaginal cotton swab cultures for M. hominis, U. ureal- 
ylicum, group A streptococcus, group B streptococcus, 
Staphylococcus aureus, Gardnerella vaginalis, and yeast 
species. Because of new information during the course 
of the study, a vaginal smear for Gram stain evaluation 
of bacterial vaginosis and Mobiluncus species morpho- 
types and vaginal fluid pH were added to the test pro- 
cedures. Vaginal fluid pH was assessed with Nitrazine 
(E. R. Squibb and Sons, Inc., Princeton, N. J.) paper 
and recorded as >4.5 or <4.5. One milliliter of saline 
solution was inoculated with a cotton swab saturated 
with vaginal fluid and was examined microscopically 
for Trichomonas vaginalis and yeast, and a standardized, 
semiquantitative assessment of vaginal leukocytes and 
bacteria was carried out. A drop of vaginal fluid was 
combined with a drop of 10% potassium hydroxide to 
test for release of amine odor and for further micro- 
scopic examination for yeast pseudohyphae. Finally, the 
posterior vaginal fornix was irrigated with 5 ml of ster- 
ile Dulbecco’s phosphate buffered saline solution and, 
after standardized mixing, aspirated into a sterile sy- 
ringe. These vaginal wash specimens were frozen im- 
mediately at — 20° C and then frozen at — 70° C within 
4 hours of collection. 

Culture specimens were immediately inoculated on 
standard, easily available media in the examination 
room. Endocervical cotton swabs were inoculated onto 
chocolate agar and modified Thayer-Martin medium 
split plates and held in a carbon dioxide environment 
for the recovery of N. gonorrhoeae. A separate endo- 
cervical swab was inoculated into sucrose-phosphate 
glutamate transport media for recovery of C. tracho- 
maiis. Additional cervicovaginal swabs were inoculated 
onto 5% sheep’s blood agar (tryptic soy base, Remel, 
Denver, Colo.) for identification of group A strepto- 
coccus, group B streptococcus, S. aureus, G. vaginalis, 
and yeast, and into a standard mycoplasma medium 
for recovery of M. hominis, and U. urealyticum. Speci- 
mens were held at 4° C or at room temperature as 
appropriate and were transported to the laboratory 
within 4 hours of collection. Evaluation for T. vaginalis, 
yeast pseudohyphae, and amine odor were performed 
in the clinic setting. The remainder of the saline so- 
lution preparation was held at 4° C and evaluated mi- 
croscopically for leukocytes and bacteria semiquanti- 
tatively in the laboratory. In addition, the saline solution 
wet preparation was semiquantitatively tested for non- 
specific protease activity using the Azocoll substrate.’ 
Cultures for C. trachomatis, M. hominis, and U. urealyti- 


Volume 163 
Number 5, Part 1 


cum specimens were frozen at — 70° C and processed 
in batches. 


Standard techniques were used for culture of C. tra- - 


chomatis.” After 48 hours incubation at 35° C, inocu- 


lated cycloheximide-treated McCoy cell monolayers. 


were treated with fluorescence-conjugated antichla- 
mydia monoclonal antibody (Microtrak, Syva Corp.) 
and examined microscopically for the presence of 
stained inclusions. Negative cultures were blind pas- 
saged once and reprocessed. Chlamydia antigen prep- 
arations were processed as recommended by the man- 
ufacturer. M. hominis and U. urealyticum were cultured 
and identified with the Mycotrim GU triphasic culture 
system (HANA Biologics, Inc., Alameda, Calif.). G. vag- 
inalis were recovered by reincubating the chocolate— 
Thayer-Martin agar plate anaerobically for 3 days after 
examinaiion for N. gonorrhoeae. Microorganisms were 
identified with standard techniques.” 

Gram stain evaluation for bacterial vaginosis and 
Mobiluncus species morphotypes was performed using 
the method and criteria of Spiegel et al.’* Gram stains 
were evaluated by one of the investigators (S. H.) who 
remained blinded to patient symptoms, findings, and 
outcomes. 

After enrollment, patients continued routine pre- 
natal care. None of the patients was seen in special 
clinics for preterm birth prevention and microbiologic 
evaluations were not repeated as part of the study pro- 
tocol. Microbiologic findings were not known to the 
patients’ health care providers. A single patient from 
whom N. gonorrhoeae was recovered was treated with a 
standard oral therapy specific for this infection. Aftér 
birth and completion of the 6 weeks follow-up, mater- 
nal and newborn medical records were reviewed to ob- 
tain information on pregnancy and newborn course. If 
records were unavailable, the data were obtained by 
telephone calls and written correspondence to private 
physicians and patients. 

Patients were considered to have preterm labor if the 
medicel records reported hospital evaluation for reg- 
ular uterine contractions before 37 weeks’ gestation for 
which patients received treatment (e.g., parenteral or 
oral tccolytic treatment or intravenous hydration and 
bed rest, or contractions that resulted in preterm birth). 
Preterm birth was defined as birth before completion 
of 37 weeks’ gestation. Gestational age was determined 
by overall “best” obstetric criteria that included history 
of last menstrual period, clinical dating criteria (uterine 
size at first examination, gestational age at detection of 
fetal heart rate by fetoscope, growth of fundal height), 
and ultrasonographic measurements, as well as new- 
born examination.” Determination of gestational age 
was periormed in a blinded fashion before correlation 
with any other study determination. Preterm prema- 
ture rupture of membranes was defined as rupture of 
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fetal membranes before 37 weeks’ gestation and >1 
hour before the onset of labor. 

Data were analyzed with two-tailed x’ or Fisher’s ex- 
act tests for nonparametric data and the Student's £ test 
for normally distributed parametric data. Relative risks 
(RR) and 95% confidence intervals (CJ) were also cal- 
culated with SPSS (SPSS Inc., Chicago). Variables as- 
sociated with preterm birth with univariate analysis or 
those that had been frequently associated with preterm 
birth in other studies were included in a logistic regres- 
sion model. : 


Results 


The majority (143) of participants were of northern 
European ancestry (70.8%), 21 (10.4%) were black, 32 
(15.8%) were Hispanic, and 6 (3%) were of Native 
American or Asian descent. The mean maternal age 
was 23.5 + 4.7 years (Table I). A total of 42% were 
nulliparous and 67% were married; all were of low 
socioeconomic status attending publicly supported clin- 
ics. The mean gestational age at enrollment was 
24.2 + 4.7 (SD) weeks. Preterm labor occurred among 
33 (16.8%) of the patients. Twenty (60.6%) of these 
patients received parenteral tocolytic therapy for pre- 
term labor. The mean gestational age at diagnosis of 
preterm labor was 29.2 + 5.3 weeks. Nine patients 
(4.5%) were delivered of preterm infants (=36 weeks) 
at a mean gestational age of 35.4 + 0.7 weeks. Preterm 
PROM occurred among four (2.1%) study patients. 
One of the three women with placenta previa detected 
after study enrollment was seen for preterm labor and 
she was treated with intravenous hydration and bed 
rest only; all three women with placenta previa were 
delivered of infants at term. Preterm labor or delivery 
did not occur in any of the six (3.1%) patients in whom 
pregnancy-induced hypertension developed, the two 
patients who had abruptio placentae, or the two who 
were treated for clinical chorioamnionitis. There were 
no perinatal or neonatal deaths. Three infants were 
born with minor congenital anomalies. Seven infants 
(3.6%) were small for gestational age and 30 (16.8%) 
were large for gestational age. 

The women in whom preterm labor or preterm rup- 
ture of membranes developed or who were delivered 
of preterm infants and those who did not suffer these 
complications did not differ in any demographic or 
behavioral factor except for reported use of recre- 
ational “street drugs” (Table I). These women were 
significantly less likely to suffer preterm labor or de- 
livery. Marijuana was the most common recreational 
drug; one patient reported additional use of both meth- 
amphetamine and cocaine. 

Several medical, obstetric, historical, and antenatal 
factors were associated with the occurrence of preterm 
labor or birth (Table IJ). History of prior preterm birth 
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Table I. Comparison of maternal demographic and behavioral characteristics for women who experienced 


preterm labor and preterm birth and those who did not 






Preterm labor 
(N = 33) 


Maternal age (yr) 


15-19 7 Zid 40 

20-29 20 60.6 109 

30-38 6 18.2 14 
Not married 12 36.4 51 
Nonwhite race 8 24.2 49 
Nulliparous 10 30.3 73 
Parity = 1 23 69.7 90 
Cigarette smoking 8 24.2 44 
Street drugs use Q 24 

th < 0.01. 


Term aroy 
(N = 163) 


pe fe | oe | s|] rr] až] a») 






Preterm delivery 


Term delivery 
(N = 9) (n = 187) 


24.5 I ll 45 24.1 
66.9 6 66.7 124 66.3 
. 8.6 2 22.9 18 9.6 
31.3 3 37.5 60 31.7 
30.1 3 37.5 54 28.5 
44.8 2 25 81 42.9 
55.2 6 75 108 57.1 
27 2 25 50 26.5 
14.7* 0 24 12.8 


Table II. Maternal historical and antepartum risk factors associated with preterm labor and delivery 


Labor 


Delivery 






m 
Relative | 95% Confidence | Relative | 95% Confidence 
n| |a|% p Value| risk . merval n| % | n| % p Value| = risk interval 
2.4 3 


Maternal medical 10 33.3 20 66.7 0.01 1.25-4.64 37.5 27 14.3 0.105 3.34 0.889-12.55 
problems 

>3 Abortions 6 18.2 8 49 0.007 2.9 1.34-6.25 1} J1.1 14 7.4 0.52 1.5 0.20-11.4 

Prior preterm 10 30.3 11 68 0.00] 3.6 1.92-6.83 4 444 17 9.04 0.01 6.7 2.2-20.4 
birth 

Creasy risk 21 63.6 64 39.5 0.01 2.28 1.22-4,29 6 66.7 80 42.6 0.2 2.6 0.7-9.5 
score >10 

Antepartum 8 24.2 19 11.8 0.06 1.98 0.97-4.04 2 22.2 25 13.4 0.36 1.8 0.39-8.1 


treatment for 
urinary tract 
infection 
Antepartum 10 30.3 27 16.8 0.07 1.84 
treatment for 
nonyeast vagi- 
nitis 


was the single best historical predictor of both preterm 
labor (RR, 3.6; 95% CI, 1.92 to 6.83) and preterm birth 
(RR, 6.7; 95% CI, 2.2 to 20.4). A Creasy risk index 
score of =10 was significantly associated with devel- 
opment of preterm labor (p < 0.05; RR, 2.28; 95% CI, 
1.22 to 4.29). The RR of preterm labor for women with 
any medical problem was 2.4 (95% CI, 1.25 to 4.64). 
Medical problems experienced by the women in this 
sample included asthma requiring medication, prior 
pyelonephritis or frequent urinary tract infections, 
chronic hypertension, mitral valve stenosis, class IH 
heart disease, and gestational diabetes. Women with 
three or more abortions (spontaneous or elective) had 
a RR of preterm labor of 2.9 (95% CI, 1.34 to 6.25). 
History of prior preterm birth, increased Creasy risk 
index, or medical problems was not associated with any 
microbiologic finding. 

Recovery rates for microbiologic samples are shown 
in Table IH along with microorganisms associated with 


0.95-3.6 0) 37 19.9 0.21 — — 


preterm labor and delivery. As noted, the patient from 
whom N. gonorrhoeae was recovered received single- 
dose antibiotic treatment. M. hominis was recovered in 
10.8% of patients, and was significantly associated with 
premature delivery (p < 0.05; RR, 5.1; 95% CI, 1.45 
to 17.9). U. urealyticum was recovered from 64% of study 
women and was not significantly associated with pre- 
term labor or delivery. Two (15.4%) of the C. trachomatis 
culture-positive women were delivered of preterm in- 
fants compared with seven (3.8%) of the chlamydia 
culture-negative women (p = 0.09; RR, 4.0; 95% CI, 
0.97 to 16.7). Semiquantitative examination for vaginal 
white blood cells or bacteria did not correlate with ob- 
stetric outcomes. 

Gram stain evaluation of vaginal fluid detected bac- 
terial vaginosis among 18.7% (26) of the evaluated pa- 
tients (N = 139). Mobiluncus species morphotypes were 
identified among eight (30.8%) of these women with 
bacterial vaginosis or 5.8% of those examined. Bacterial 
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Table III. Association between recovered microorganisms and preterm labor and preterm birth 









parey 
No. | Preterm | Term | | Term | 95% 
positive! no. Relative Relative| Confidence 
sampled (%)} ie p Value| risk Eh p Value! risk interval 

Bacterial vagi- 26/139 (18.7) 6 35.3 17 14.5 0.03 1.08-6.46 1 25 2317.6 1.5 0.167-14.2 
nosis 

Mobiluncus spe- 8/1389 (5.8) 3 177 4 3.4 0.04 3.8 1.32-115 0 — 7 53 08 — = 
cles 

Mycoplasma 19/176 (10.8) 5 17.9 13 9.2 0.17 18 0.7744 3 375 15 92 004 3.1 1.45-17.94 
hominis 

Ureaplasma 112/176 (64) 21 75 87 61.3 0.17 1.7 0.8-3.7 7 87.5 102 626 0.26 3.98 0.6-26.54 
urealyticum 

Chlamydia 13/200 (6.5) 3 9.1 10 62 0,46 14 0.48-4.1 2 22.2 11.1 59 0.09 4 0.97-16.66 
trachomatis 

Staphyloccccus 6/199 (3.0) 3 91 3 19 0.06 3.1 1.12-8.7 1 11.1 5 27 0.25 3.92  0.59-25.81 
aureus 

Streptococcus, 7/202 (3.5) 1 3.03 6 3.7 1 0.8 0.14-6.2 0 737 4 — = 
group B 

Gardnereila 41/193 (21.2) 9 27.3 32 20.0 0.35 14 0.69-2.79 3 33.3 39 21.08 04 1.81 0.48-6.89 
vaginais 

Yeast 83/196 (42.4) 13 29.4 70 42.9 0.7 0.9 0.47-1.7 3 33.3 81 43.1 0.7 0.67 0.18-2.59 


vaginosis was detected among 35% of these Gram 
stain—evaluated women who had preterm labor as com- 
pared with 14.5% of the women who did not have pre- 
term labor. The RR of preterm labor for women with 
bacterial vaginosis was 2.6 (95% CI, 1.08 to 6.46). For 
those women with bacterial vaginosis who also had 
Mobiluncus species morphotypes present, the RR for pre- 
term labor was 3.8 (95% CI, 1.32 to 11.5). 

S. aureus was identified among six (3.0%) patients. 
Preterm labor occurred in three of these women 
(p = 0.06; RR, 3.1; 95% CI, 1.12 to 8.7). Group B 
streptococcus was recovered from seven (3.5%) of the 
women and was not associated with preterm labor or 
preterm delivery. Three of these women had group B 
streptococcus identified independently by their care 
providers, and received treatment. 

Approximately 29% (28.6%) of study participants 
had two or more of the microorganisms or conditions 
sought in this study. Identification of two or more pos- 
itive cervicovaginal isolates or conditions was associated 
with increased risk of preterm labor (RR, 3.3; CI, 1.44 
to 7.58). As would be expected, bacterial vaginosis was 
significantly associated with detection of Mobiluncus 
species morphotypes, G. vaginalis, and M. hominis 
(p< 0.05). Although frequently recovered, U. urealy- 
“acum was not statistically associated with other micro- 
biologic findings. Recovery of group B streptococcus 
and S. aureus were also not statistically associated with 
other microbiologic findings; however, the numbers are 
small. Neither T. vaginalis nor group A streptococcal 
infection was identified with these methods. 

Vaginal wash nonspecific protease levels =10 trypsin 
units/ml were detected in 32/196 (16%) of the women. 
Increased vaginal protease activity was noted among 
twa of four (50%) women who had preterm PROM. 


Overall, findings of 210 trypsin units/ml were not as- 
sociated with increased risk of preterm birth. Among 
the 47 women tested, Nitrazine peper determination 
of vaginal pH >4.5 or <4.5 was not associated with 
abnormal outcome. 

Recovery of M. hominis was moze common among 
nonwhite participants (18.2%) than among white par- 
ticipants (7.4%) (p < 0.05). Other essociations between 
ethnicity and microorganisms recovered were not iden- 
tified. Detection of bacterial vaginosis, Mobiluncus spe- 
cies, M. hominis, and C. trachomatis occurred more often 
among unmarried women (p < 0.1). 

Fully 48% of the study patients received some form 
of antimicrobial therapy during their antenatal care. 
Twenty-eight (14.2%) were treated for a single urinary 
tract infection. Women who had one or two urinary 
tract infections had a higher incidence of preterm labor 
(p < 0.06; RR, 1.98; 95% CI, 0.97 to 4.04). These 
women were asymptomatic and had negative test of 
cure urine cultures after treatment. Women who had 
more than two lower urinary tract infections (n = 4) 
or pyelonephritis (n = 3) received oral antibiotic treat- 
ment daily until delivery and did not have preterm 
labor or birth. Review of antenatal records revealed that 
36 (18.3%) study patients were treated for yeast vagi- 
nitis; and 18.8% received treatment of vaginitis other 
than yeast. Two (1%) patients were treated for N. gon- 
orrhoeae (a further patient received single-dose treat- 
ment after enrollment), 5.1% for T. vaginalis, 9.6% for 
G. vaginalis, 4.6% for cervicitis, 0.5% for C. trachomatis, 
and 2% for group B streptococcus. Preterm labor 
occurred more often among women who received 
treatment of Gardnerella vaginclis—associated vaginitis 
(p < 0.05) from their clinical care providers. Never- 
theless, fully 82% (27/33) of the women who had pre- 
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Fig. 1. Logistic regression analysis: Probability of preterm labor in presence of selected factors. wT, 


_ Urinary tract infection.) 


a `~ 


term labor did not receive. e antimicrobials before the 
diagnosis. 

To evaluate possible dependen aien of several 
` maternal historical factors and the presence of differ- 
ent microorganisms and conditions on the occurrence 
of preterm labor a logistic regression model was con- 


structed. Maternal historical.and microbiologic vari- . 


ables that approached significance (p = 0.1) with uni- 
variate analysis in thìs study or in past studies were 
incorporated into the model. Variables tested in the 
. model were maternal medical problems, history of 
three or more abortions; maternal age, fetal gender, 
Creasy risk score, antepartum treatment for urinary 
tract infection, antepartum treatment with nontopical 
antimicrobial agents, recovery of S. aureus, G.. vaginalis, 
M. hominis, Mobiluncus species, and.the presence of bac- 
' terial vaginosis. Four factors remained in the model and 
were significantly related to’ development of preterm 
- labor: prior preterm birth, maternal medical problems, 
antepartum treatment for urinary tract infection, and 


bacterial vaginosis (Fig. 1). In this cohort, women car- | 


t 


t 
t 
> 


rying female fetuses appeared to have increased risk 
of preterm labor compared with women carrying male 
fetuses. Among the single risk factors, the probability 
of preterm labor was highest for those women with 
_ bacterial vaginosis (males: RR, 4.6; females: RR, 11.3). 
Probability of.preterm labor increased additively as 
more risk.factors were included (Fig. 1). Calculations 
of RR, attributable risk and-population-attributable risk 
for factors associated with preterm labor and birth (RR, 
=2.0; CI, not EEEE 1.0) are shown in Table IV. 


Comment l ! 


The incidence (4.5%) of preterm birth within this 
sample is lower than the 6% to 10% incidence usually 
observed in studies of similar U.S. populations.? This 
study’ s exclusion criteria, specific definition of preterm 
birth, and a possible unidentified selection bias may 
account for this relatively low occurrence of preterm 
birth. The low number (2%) of women in this study 
who had preterm PROM is consistent with similar pop- | 

-ulations.? Rates of recovery of lower reproductive tract 


t 
t 
t 
t 
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Table IV. Relative risk and attributable risk for factors associated* with preterm labor and 
preterm delivery 








Pregnancy outcome 





Preterm. labor 
Bacterial vaginosis 


Staphylococcus aureus 


Mobiluncus species 
2 or more isolates 
or syndromes 

=3 Abortions 


Maternal historic asso- 


ciations 
Medical problems 


Prior preterm birth 


Preterm delivery Mycoplasma hominis 


2 or more isolates 


Prior preterm birth 


*CI did not include 1.0 and RR = 2.0. 


microorganisms and recognition of bacterial vaginosis 
in this study are also consistent with findings in similar 
populaticns. Because of the relatively small number of 
women who had adverse outcomes and the large num- 
ber of study factors analyzed, individual associations 
should be considered cautiously with confirmation 
sought in other studies. 

Our findings support possible roles for bacterial va- 
ginosis and associated microorganisms (i.e., Mycoplasma 
hominis) in preterm labor and birth. Past work is some- 
what difficult to compare, principally because of dif- 
fering cziteria used for identification of bacterial va- 
ginosis. Minkoff et al? found an insignificant associ- 
ation between nonspecific vaginitis and preterm birth 
with a diagnosis based on presence of two of three 
clinical criteria. Subsequently, several investigators 
noted tkat clinical interpretation of vaginal findings for 
bacterial vaginosis is unreliable during pregnancy.’**° 
In Minkoff’s study,'? Bacteroides species were the only 
identified microorganisms associated with increased in- 
cidence of preterm rupture of membranes and preterm 
birth among inner-city women. Bacteroides species are 
among the predominant anaerobic bacteria recovered 
from women with bacterial vaginosis. 

In a case-controlled study comparing women in pre- 
term labor and uncomplicated pregnancies, Gravett 
et alë detected vaginal wash gas-liquid chromato- 
graphic profiles consistent with bacterial vaginosis sig- 
nificantly more often among the women with preterm 
labor. Subsequent work by these investigators with ei- 
ther gas-liquid chromatography or Gram stain to detect 
bacterial vaginosis further supports associations be- 
tween bacterial vaginosis and preterm labor, preterm 
PROM, and amniotic fluid infection.” '* 3 

As used here, vaginal Gram stain criteria have been 
shown to be reliable between trained observers and to 
more accurately predict positive clinical findings of bac- 








Significant associations 


Microbiologic associations 









Population 
Relative Attributable attributable 
risk risk risk (%) 


2.6 0.62 — 23.0 
3.1 0.68 5.9 
3.8 0.74 14.1 
3.5 0.70 48.8 
2.9 0.66 11.5 
2.4 0.58 17.4 
3.6 0.72 12.2 
5.1 0.80 30.7 
6.9 0.86 71.2 
6.7 0.85 37.9 


terial vaginosis than either gas-liquid chromatography 
or vaginal culture for G. vaginalis.” Vaginal culture for 
G. vaginalis, even when done semiquantitatively, has 
been shown to be sensitive but nonspecific for detection 
of bacterial vaginosis.” G. vaginalis has been recovered 
from up to 80% of women without clinical evidence of 
bacterial vaginosis.? Therefore, it is not surprising that 
recovery of G. vaginalis in the present study was not 
associated with preterm labor or birth. Similarly, Grav- 
ett et al.* reported equivalent recovery rates for vaginal 
G. vaginalis among women admitted in preterm labor 
and matched control women with uncomplicated preg- 
nancies. 

The role of genital mycoplasmas in preterm birth 
remains controversial. This study confirms the work of 
others showing that antenatal isolation of U. urealyticum 
from either the vagina or endocervix is not associated 
with increased risk of prematurity.'’ '* * In this 
study, 75% of the women who had preterm labor 
and 61% of those who did not experience preterm labor 
demonstrated vaginal U. urealyticum. In contrast, 
U. urealyticum recovered from between leaves of the 
amniochorion has been associated with histologic cho- 
rioamnionitis and preterm birth in several studies, 
including a well designed case-controlled study that 
statistically controlled for confounding obstetric fac- 
tors.” ° McCormack et al.” reported increased birth 
weight among U. urealyticum—colonized women who re- 
ceived antenatal erythromycin treatment in a double- 
blind placebo-controlled treatment trial investigating 
the role of genital mycoplasmas in pregnancy. This oc- 
curred even though treated women remained colo- 
nized. McCormack hypothesized that erythromycin 
treatment aids in prevention of upper genital tract 
colonization or infection with U. urealyticum during 
late gestation. However, the presence of other 
erythromycin-susceptible microorganisms such as 
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C. trachomatis, group B streptococcus, some M. hominis 
strains and anaerobes were not evaluated. Further, ges- 
tational length was not reported. 

Although presence of M. hominis has been linked to 
prematurity and low birth weight, more recent work 
that controls for the presence of other bacteria or bac- 
terial conditions has not consistently found M. hominis 
to be a significant risk factor for prematurity." '* '* In 
this study, recovery of M. hominis was significantly as- 
sociated with preterm birth. However, M. hominis was 
also significantly associated with the identification of 
bacterial vaginosis and C. trachomatis. M. hominis was not 
retained as an independent risk factor in our multi- 
variate model for preterm labor. 

C. trachomatis, group B streptococcus, and S$. aureus 
were recovered from smaller numbers of the women 
in this study. C. trachomatis has been associated with 
increased risk of preterm birth when serologic evidence 
of recent or more extensive infection (immunoglobulin 
M) is present.’ '* Although serologic testing was not 
performed in this study, antenatal recovery of C. tra- 
chomatis in small numbers of patients (6.5%) was asso- 
ciated with increased risk (p = 0.09; RR, 4; 95% CI, 
0.97 to 16.66) of preterm birth. Identification of group 
B steptococcus (3.5%) was not associated with poor ob- 
stetric or perinatal outcome, possibly due in part to the 
small number of women studied as well as antenatal 
and intrapartum treatment given to some culture- 
positive women. Although not commonly sought in 
women at risk of preterm birth, S. aureus has been 
recovered from the vagina in up to 5% of pregnant 
women.” We noted S. aureus in 3% of women sampled, 
with preterm labor occurring in half of these women 
(Table II). . 

The role of urinary tract infection and asymptomatic 
bacteriuria in preterm birth remains unclear.” Studies 
appear divided as to those that show a positive associ- 
ation between urinary tract infection and preterm birth 
and those that show no association. Both univariate and 
multiple regression analysis of our findings support 
antenatal urinary tract infection as a risk factor for 
preterm labor. That this effect occurs despite clinically 
adequate treatment suggests the presence of unrec- 
ognized associated factors or that urinary tract infection 
exerts a sustained deleterious effect. 

Similar to the findings of Main et al., use of the 
standardized Creasy risk index for preterm birth in this 
population of poor women was not clinically useful in 
predicting those at risk. Fully 43% of women tested 
were designated as high risk for preterm birth by this 
tool; preterm labor actually developed in only 24% of 
these women and 7% were delivered of preterm in- 
fants. Indeed, one component of this scale, prior pre- 
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` term birth, was a more accurate predictor of preterm 


labor than the overall risk index score. 

Increased concentration of vaginal wash protease 
(210 trypsin units) was associated with increased risk 
of PROM. The association of increased vaginal wash 
protease activity with subsequent preterm rupture of 
membranes suggests that the presence of protease- 
releasing vaginal microorganisms or inflammatory re- 
sponses to infection may lead to fetal membrane dam- 
age by spread through the cervix. Both bacteria 
and inflammatory cells can release proteolytic en- 
zymes, including collagenases, which may weaken fetal 
membranes.'’® ** Inflammatory mediators, including 
interleukin-1 and tumor necrosis factor, may initiate or 
potentiate these or other processes leading to preterm 
birth. Concentration of proteases and phospholipases 
and other factors are suggested as possible virulence 
factors for preterm birth and may originate from the 
cumulative presence of genital microorganisms and the 
host responses they engender. 

Table IV shows calculated relative risks, attributable 
risks, and population-attributable risks for factors as- 
sociated with preterm labor and preterm delivery. The 
presence of §. aureus in the mother’s vagina was asso- 
ciated with greatest attributable risk of preterm labor. 
Inasmuch as recovery of S. aureus was uncommon (3%), 
the population-attributable risk was only 5.9%. Bacte- 
rial vaginosis was more common (18.7%) and associated 
with 23.0% population-attributable risk of preterm la- 
bor. Findings of Mobiluncus species morphotypes are also 
associated with a high calculated attributable risk of 
preterm labor. Whereas the presence of Mobiluncus spe- 
cles may constitute a separate risk factor, identification 
of mobiluncus may reflect increased severity of bacte- 
rial vaginosis. 

History of either prior maternal preterm birth 
or =three abortions (spontaneous or induced) was 
also associated with increased attributable risk and 
population-attributable risk of preterm labor (Table 
IV). Prior preterm birth, but not prior abortion, has 
been consistently linked with subsequent preterm labor 
and birth in past studies.* Factors that account for in- 
creased risk of repeated preterm births remain un- 
known but could include ongoing subclinical endo- 
metrial infection, as suggested by Toth et al.? or some 
other persisting biologic predisposition. 

Presence of Mycoplasma hominis was associated with 
30% population-attributable risk of preterm birth. 
Again, whereas the presence of M. hominis might me- 
diate specific risks of preterm birth, this microorganism 
occurred most commonly in the presence of bacterial 
vaginosis. 

Interestingly, the presence of two or more microbial 
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infections or conditions was associated with significant 
risk of preterm birth (RR, 6.9; population-attributable 
risk, 71%). This suggests that whereas an individual 
infection cr microbial condition may not have been 
powerful cr frequent enough to be consistently asso- 
ciated with preterm labor or birth in this cohort, com- 
binations of individual microbial conditions may con- 
tribute to a significant number of preterm births. Sim- 
ilarly, multivariate analysis (Fig. 1) suggests cumulative 
interactiors occurring between presumably noninfec- 
tion related factors, such as medical problems, and 
prior preterm birth with bacterial vaginosis. 

Findings of this prospective study show that common 
and readily identifiable genital tract microbial infec- 
tions or conditions are significantly associated with in- 
creased risks of preterm labor and birth. Whether se- 
lective treatment of one or more of these infections or 
conditions can effectively reduce occurrences of pre- 
term birth is the subject of ongoing investigations. 
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The relationship between plasma estradiol aul the i increase in 
bone density i in postmenopausal women after treatment with 


subcutaneous hormone implants _ 


J. Studd,* M. Savvas, N. Waston, T. Garnett," I. Fogelman, and D. Cooper‘ 


London, England 


Twenty-three postmenopausal women with a median of 2 years past menopause (range, 1 to 12 years) 
and a median age of 52 years (range, 39 to 62 years) were recruited to participate in a longitudinal study 
designed to investigate the factors that influence the increase in bone density with subcutaneous estradiol 
and testosterone implants. All women received 75 mg of estradiol with 100 mg testosterone . 
subcutaneously. Bone density was measured at the spine and hip by dual-photon absorptiometry before 
therapy and after 1 year of subcutaneous hormonal therapy. The mean pretreatment bone dẹnsity at the 
lumber vertebrae and neck of the femur was 0.84 grams of hydroxyapatite per square centimer (SD, 0.11) 
and 0.73 grams of hydroxyapatite per square centimeter (SD, 0.10), respectively. The bone density at both 
sites increased with values of 0.91 grams of hydroxyapatite per square centimeter (SD, 0.11) and 0.75 
grams of hydroxyapatite per square centimeter (SD, 0.11), respectively. These values represent an- 
increase of 8.3% (p < 0.0001) at the spine and 2.8% (p < 0.01) at the neck of the femur. The plasma 
estradiol level increased from a median of 80.5 pmol/L to 453 pmol/L (p < 0.001). The percentage 
increase of vertebral bone density was not related to age, number of years past the menopause, 
pretreatment bone density, or serum testosterone levels, but a significant correlation was found between 
the percentage increase in bone density at the spine and the serum estradiol level (p <0.02, r = 0.45). 


(Am J OBSTET GYNECOL 1990;163:1474-9.) 


Key words: Osteoporosis, menopause, estradiol 


-After Albright’s' observation that estrogen therapy 
can reduce urinary calcium excretion in postmeno- 
pausal women a number of prospective studies con- 
firmed the values of estrogen replacement therapy in 
the prevention of postmenopausal osteoporosis.** Ep- 
idemiologic studies ê also showed a reduction in 
the incidence of osteoporotic fractures with such 
therapy. : 

Most studies used oral estrogen ienn which al- 
though effective in the suppression of climacteric symp- 
toms usually results in plasma estradiol and follicle- 
stimulating hormone (FSH) levels that are still in the 
postmenopausal range.” Although it has been claimed 
that the minimum dose 'of oral estrogen required to 
prevent postmenopausal osteoporosis is 0.625 mg con- 
jugated equine estrogen? the optimal dose and route 


From the Dulwich Hospital Menopause Clinic, Dulwich Hospital and 
Fertility and Endocrine Centre, Lister Hospital, the Department of 
Nuclear Medicine, Guy’s Hospital,” and the Computer Unit, King’s 
College School of Medicine and Dentistry.‘ 

Received for publication March 26, 1990; revised July 16, 1990; 
accepted July 25, 1990. 

Reprint requests: John Studd; MD, Dulwich Hospital, East Dulwich 
Grove, London, England SE 22 8PT. 

6/1/24109 


1474 


of estrogen necessary to achieve an increase in bone 
density is not known. 

The percutaneous route of administration aves the 
enterohepatic circulation and is associated with physi- 
ologic plasma levels of estradiol and estrone. This is in 
contrast to the low levels of estradiol and high levels of 
estrone found after oral therapy with both conjugated 
equine estrogens or estradiol valerate.® ° Subcutaneous 
implants of estradiol and testosterone are effective in 
the alleviation of climacteric symptoms," and a cross- 
sectional study’? showed an apparent superiority of im- 
plant therapy over oral therapy in the therapeutic effect 
on bone density. The suggestion was made in this study 
that the greater bone density after implant therapy was 
a result of the greater plasma estradiol levels achieved 
with this route when compared: with oral‘ estrogen 
therapy. 

We present the results of a prospective study of es- 
tradiol and testosterone implants on the bone density 
and plasma hormone levels in postmenopausal women 
over | year of therapy. 


Patients and methods 


A total of 23 postmenopausal women with a median 
age of 52 years (range, 39 to 62) were recruited into 
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Table I. Mean values of bone density at lumbar spine and neck of femur, body weight, blood pressure, 
and plasma hormone values before therapy and after 1 year of estradiol and testosterone implants 


Treatment 


Pretreatment 


I Year after treatment 


Mean bone density at 0.84 (0.11) 0.91 (0.11)* 
spine gHa/cm? (SD) 

Mean bone density at 0.73 (0.10) 0.75 (0.11)t 
femur gHa/cm’? (SD) 

FSH (IU/L) 71 (28-100) 12 (1-62)+ 


median (range) 
Estradiol (pmol/L) 
median (range) 


80.5 (30-580) 


453 (204-883)t 


Testosterone (nmol/L) 0.6 (0.3-1.8) 0.9 (0.4-2.4)§ 
median (range) 
Mean weight in kg (SD) 67.3 (7.7) 66.7 (7.0) 


Mean blood presure 
(mm Hg) (SD) 


*h < 0.0001, Students paired ¢ test. 

tp < 0.01, Student’s paired ¢ test. 

tp < C.001, Wilcoxon matched-pair signed-rank test. 
$p < 0.01, Wilcoxon matched-pair signed-rank test. 


this prospective study. The median number of years 
past the menopause was 2 (range, 1 to 12). Menopausal 
status was defined as amenorrhea >1 year’s duration 
with a serum FSH level >20 IU/L. 

All women received hormone replacement therapy 
by subcutaneous implants of 75 mg estradiol and 100 
mg testosterone. A further implant of the same dose 
of estradiol and testosterone was given after 6 months 
and again at | year. 

Assays of FSH, estradiol, and testosterone were per- 
formed before treatment and at 1 year. The bone den- 
sity was estimated in the spine of L2-4 and in the 
neck of the right femur with a Novo 22A BMC-LAB 
with gadolinium 153 as the source of radiation. The 
absorptiometer was standardized with a solution ra- 
diologically equivalent to hydroxyapatite, and the re- 
sults were expressed as grams of hydroxyapatite per 
unit projected area of bone in square centimeters 
(gHa/cm’). The precision of the machine with the use 
of the phantom was 0.69% and short-term precision 
for normal subjects was 2.04%. Measurements were 
made before insertion of the hormone implant and at 
12 months after therapy within | week of the insertion 
of tke third implant. | | 

Statistical analysis. The bone density values before 
and after treatment approximated to a normal distri- 
bution and the increase was therefore analyzed with 
the paired Student ¢ test. The hormonal parameters 
could not be regarded as normally distributed and the 
changes were analyzed with the Wilcoxon matched- 
pairs signed-rank test. The Spearman correlation co- 
efficient was calculated to express the relationship be- 


120 (37)/78 (12) 


125 (21)/75 (13) 


tween the changes in bone density and the serum es- 
tradiol levels, serum testosterone levels, age, number 
of years past the menopause, and pretreatment bone 
density. 


Results 


Of the 23 patients studied 22 patients showed an 
increase in the bone density after 1 year of therapy 
(Table I). The mean bone density at the lumbar spine 
before therapy was 0.84 gHA/cm® (SD 0.11), which 
increased to 0.91 gHA/cm? (SD, 0.11) after 1 year 
(p < 0.0001). The value for the proximal femur was 
0.73 gHA/cm® (SD, 0.10), which increased to 0.75 
gHA/cm? (SD, 0.11, p < 0.01). The mean increase in 
the lumbar spine was 0.07 gHa/cm? (95% confidence 
interval, 0.06 to 0.08 gHa/cm’). The mean increase at 
the femur was 0.02 gHa/cm? (95% confidence interval, 
0.01 to 0.04 gHa/cm*). These values represent a mean 
increase in the bone density of 8.3% at the spine and 
2.8% at the neck of the femur after 1 year. 
` The median serum FSH level, before therapy was 
71 IU/L (range, 28 to 100 IU/L) with a median se- 
rum estradiol level of 80.5 pmol/L (range, 30 to 580 
pmol/L) and a serum testosterone level of 0.6 nmol/L 
(range, 0.3 to 1.8). After 1 year of therapy the serum 
FSH level significantly reduced to 12 IU/L (range, 1 
to 62; p < 0.001), the serum estradiol level increased 
to 453 pmol/L (range, 204 to 883; p < 0.001), and the 
serum testosterone level increased to 0.9 nmol/L 
(range, 0.4 to 2.4; p < 0.01). _ 

A significant correlation was found between the per- 
centage increase of vertebral bone density and the 
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Fig. 1. Correlation between percentage increase in vertebral bone density with plasma estradiol levels 


after 1 year of therapy with estradiol and testosterone implants. 
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Fig. 2. Effect of pretreatment bone density on percentage increase in bone density with estradiol 


and testosterone implants. 


plasma estradiol levels achieved after 1 year of ther- 
apy(Fig. 1, r = 0.45; p < 0.02). There was no signifi- 
cant correlation between the increase in bone density 
and the initial bone density (Fig. 2), age (Fig. 3), the 
number of years past the menopause (Fig. 4), and the . 
serum testosterone level (Fig. 5). | 


Comment 


These data show an increase of 8.3% in the bone 
density at the spine and 2.8% at the hip after 1 year of 
therapy with subcutaneous estradiol and testosterone 
implants. Evidence from our cross-sectional study with 
the use of the same method of bone densitometry re- 
porting the vertebral bone density of 1.02 gHa/cm?* and 
proximal femur values of 0.80 gHa/cm? after 8 years 
of such therapy” strongly suggest that this increase is 
not transient and will be maintained over the years. 


Christiansen et al. reported that the use of a com- 
bined preparation of oral estradiol. estriol, and nor- 
ethindrone within 3 years of menopause resulted in an 
increase in bone density of 3% after 3 years of therapy. 
Lindsay et al.'* (1984) found an increase of 2% to 4% 
over 5 years when mestranol 25 wg was prescribed 
within 3 years of menopause but this dose only main- 
tained bone density if it was started more than 3 years 
after menopause. More recently Munk-Jensen et al.” 
reported an increase of 6.4% in the vertebral bone den- 
sity of women treated within 2 years of menopause with 
continuous oral estradiol and norethindrone for 1 year. 
None of these authors reported the estradiol levels ob- 
tained with the therapy. In our study we were able to 
show an increase in bone mass even 10 years after 
menopause. This increase was the same as found in the 
younger postmenopausal woman and was also inde- 
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Fig. 3. Effect of age on percentage increase in bone density with estradiol and testosterone implants. 
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Fig. 4. Effect of number of years past menopause on percentage increase in bone density with 


estradiol and testoster ine implants. 


penden: of the initial bone density. The correlation 
between the percentage increase in bone density and 
the serum estradiol levels supports the hypothesis that 
the greater effectiveness of this mode of therapy may 
be a result of the higher serum estradiol levels achieved. 
Oral estrogen therapy is associated with lower estradiol 
levels and a less good skeletal response."” 

The importance of the testosterone component of 
the treatment is unknown but there was no correlation 
in this study between plasma testosterone levels and the 
increase in bone density. Barlow et al." could not show 
that the addition of testosterone to estrogen therapy 
improved bone density. However there is some evi- 
dence that adrenal androgens may have a role in main- 
taining the bone mass in postmenopausal women in the 
study of postmenopausal women with treated Addi- 
son’s disease.'” It is thus possible that the anabolic ef- 


fects of testosterone on the skeleton may partly explain 
these results and this component of the therapy is sub- 
ject to further investigation. 

The increase in bone density was creater in the spine 
than that at the neck of the femur because the more 
active trabecular bone predominates in the vertebra." 
There are several models that show such substantial 
reversal of bone loss, particularly in the vertebra. Trea- 
sure et al.'? showed in a cross-sectional study that the 
bone loss of anorexia nervosa is reversed when men- 
struation returns. Greenspan” showed that the osteo- 
porosis of hyperprolactinemic men with hypogondism 
recovers when the hyperprolactinemia is treated. Matta 
et al. (1988)°' reported that the 5.9% loss of bone den- 
sity after the use of buserelin for 6 months is reversed 
when it is discontinued. These conditions are all char- 
acterized by hypogonadism and the studies indicate 
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Fig. 5. Effect of serum testosterone after | year of therapy on percentage increase in bone density 


at spine. 


that bone can be replaced in both men and women 
when plasma sex hormones return to normal physio- 
logic levels. 

The current recommended oral dosage of estrogens 
will suppress menopausal symptoms and prevent fur- 
ther bone loss but the serum estradiol and FSH levels 
achieved often remain in the postmenopausal range."” 
The dosage of orally administered estrogen may be 
limited by gastrointestinal symptoms and the liver im- 
pact on estrogen metabolism. It is probable that the 
safest way to achieve serum estradiol levels adequate to 
produce significant increases in bone mass is by the 
percutaneous route with either transdermal patches or 
subcutaneous implants. 

The mechanism by which estrogen deficiency causes 
loss of bone remains unclear but the original Albright 
hypothesis of an association with a generalized loss of 
collagen including the collagenous matrix of the bone 
and the collagen of the skin is relevant. The substantial 
increase in vertebral spine density shown in this study 
can be compared with the 30% increase in skin collagen 
and a 25% increase in skin thickness that occurs in 
postmenopausal women who receive percutaneous es- 
tradiol therapy.” Only serial histomorphometric stud- 
ies of bone biopsy specimens in these patients will reveal 
whether the estrogen-promoted changes in skin colla- 
gen are reproduced in the collagenous matrix of post- 
menopausal women. 

It is reassuring from this study that estradiol and 
testosterone implants may not only prevent osteopo- 
rosis but will also be valuable in the older woman who 
might believe that it is too late to commence estrogen 
therapy. This therapy is also appropriate for the youn- 
ger woman with premature ovarian failure who has 
already suffered substantial bone loss. 


We gratefully acknowledge the assistance of Dereck 
Lowe, medical statistician, King’s College Hospital, with 
the statistical analysis. 
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Fetal eye movement assessed with real-time ultrasonography: 


Are there rapid and slow eye movements? 


Naoki Horimoto, MD, Takashi Koyanagi, MD, Shoji Satoh, MD, Toshiyuki Yoshizato, MD, 


and Hitoo Nakano, MD 
Fukuoka, Japan 


The goal of this study was to determine whether rapid eye movement and slow eye movement exist during 
the eye-movement period in the human fetus in utero. We studied 21 fetuses with real-time 
ultrasonography, 10 from 33 to 36 weeks and 11 from 37 to 41 weeks’ gestation. We used the duration of 
eye-movement unit as a parameter and calculated the cumulative duration from the shortest to a given 
duration of eye movement per individual case. A scattergram of cumulative duration versus given duration 
obtained from all cases in each age group was analyzed with piecewise linear regression to search for a 
critical point(s). Critical given duration points were noted and reached statistical significance at 0.62 — 
second and at 0.76 second during 33 to 36 and 37 to 40 weeks of gestation, respectively. These findings 
reveal two different types of eye movement: one with a duration of <0.6 to 0.8 second and the other with 
a duration of >0.6 to 0.8 second. These findings are compatible with previous criteria on rapid and slow 
eye movements, respectively, at 33 weeks of gestation onward. The mean value of cumulative duration at 
the critical point increased from 29.0% between 33 and 36 weeks to 47.1% between 37 and 41 weeks of 
- gestation, indicating an increase in the proportionate amount of time maintaining rapid eye movement as 


gestation advances. (Am J Osstet GYNECOL 1990;163:1480-4.) 


Key words: Rapid eye movement, slow eye movement, human fetus, real-time 


ultrasonography 


In 1955 Aserinsky and Kleitman' discovered two 
types of eye movements during sleep in the adult: rapid 
eye movements, which are characterized by rapid and 
jerky motions of relatively short arc, and slow eye move- 
ments, which are slow and lateral movements. 

Studies have been made on eye-movement patterns 
in the developing human fetus by assessment with real- 
time ultrasonography.** However, it remains to be elu- 
cidated whether rapid-eye-movement sleep, non-rapid- 
eye-movement sleep, and waking states actually exist in 
the human fetus in utero.’ 

Slow eye movement was reported to reflect muscle 
hypotonia.' Therefore the coexistence of rapid and 
slow eye movements is a Minimum requirement for 
identification of rapid-eye-movement sleep in the hu- 
man fetus, as already evidenced in the neonate.’ 
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Thus in this study we attempted to assess whether 
the two types of eye movements exist during the eye 
movement period in the human fetus. 


Material and methods 


Fetal population. Twenty-one fetuses were randomly 
sampled. The fetuses were divided into two age groups: 
10 from 33 to 36 weeks and 11 from 37 to 41 weeks 
of gestation. 

The week of gestation was calculated from the last 
menstrual period and subsequently confirmed by rou- 
tine ultrasonographic examination of fetal crown-rump 
length at 9 to 1] weeks’ gestation.’ All fetuses were 
found to be within the appropriate range of birth 
weight for each gestational week by Japanese standards 
(mean + 1.5 SDY with postnatal 1-minute Apgar scores 
of 28. 

All mothers were cared for in the Maternity and Peri- 
natal Care Unit, Kyushu University Hospital, and gave 
informed consent to participate in the study. 

Data acquisition. A real-time ultrasonography scan- 
ner (model SSA-270A, Toshiba, Tokyo) with a convex 
transducer of 3.75 MHz was used. With the mother in 
the semirecumbent position, the observational standard 
plane was determined to be a nearly horizontal tran- 
section of the fetal head, yielding a clear image of the 
fetal lens in an orbit closest to the maternal abdominal 
wall (Fig. 1). The lens could be identified in the form 


Volume 163 
Number 5, Part | 





Whether rapid-slow eye movements exist in fetus 1481 


a 


- 0118417 


Fig. 1. Real-time ultrasonographic image for observation of fetal eye movement. White arrows incicate 
echoes originating from margins of lens. Number superimposed on right upper corner of this image 


indicates frame code. 


of a pair of small dotted echoes, originating from both 
the near and the far margins of the lens, and was used 
as a landmark for quantifying eye movement.” 5 Each 
fetus was subjected to ultrasonographic examination 
only once for data acquisition in this study. An ultra- 
sonographic image was continuously taken for 60 to 90 
minutes and recorded by videotape recorder (model 
VO-9600, Sony, Tokyo) in real-time fashion. The frame 
code was simultaneously recorded on videotape with a 
frame-code generator (Sony model FCG-700). 

Parameter definition and data processing. One unit 
of eye movement was defined as the movement of the 
lens from one stationary position through a position 
change to another stationary position. The eye move- 
ment period was regarded as the time sustaining the 
presence of movements for at least a 1-minute epoch, 
according to our previous reports,’ and the eye move- 
ment period first noted after the start of the observation 
period was herein selected for analysis. 


Data were processed on an individual case basis. 
While the videotapes were replayed, we determined the 
frame codes at the onset (Fone) and the end (Faa) 
of each eye movement unit by use of slow motion 
and frame freezing. The duration (D) of the eye 
movement unit was then calculated in seconds as: 
D = (Faa ~ Fonsed)/FR, where FR is the frame rate of 
29.97 frames per second. 

After arranging all durations obtained in each fetus 
in ascending order [D, (shortest. duration), Da, Dy, .. . ., 
D, (given duration), ...., Dy (longest duration)], we 
calculated the cumulative duration from the shortest 
to a given duration using the formula: 


x N 
kys (>, D:/ Š, D) 
je} i=] 

Statistical analysis. A scattergram of cumulative du- 
ration versus given duration (in logarithmic scale) was 
made of the data from all cases included in each age 
group. The scattergram was then analyzed by means 
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Fig. 2. Scattergram obtained from 10 cases included in 33- to 36-week gestational age group. 
Horizontal axis indicates duration of eye movement (D,) in logarithmic scale, whereas vertical axis 
shows cumulative duration of every eye movement (T) by percent. Solid line indicates mean value 


of T,. Arrow indicates statistically critical point. 


Table I. Results obtained from a linear regression analysis in both age graups 


Age group ` 
(wk) 

33-36 0:02" 453" 0.76, 
0.76 25.04 0.76, 
0.89 ~0.41 Ie | 

37-4] 0.767 — 8.207 0.89, 1. 
0.89 27.90 0.89, 1. 
0.62 — 7.08 0.89, 2. 


ee 
UUD is 


p, Number of critical points; Cp value, Mallows’ Cp value. 
*Best critical point selected during 33 to 36 weeks’ gestation. 


Best critical point selected during 37 to 41 weeks’ gestation. 


of piecewise linear regression to search for statistically 
critical given duration points. For selecting the best 
regression equation, Mallows’ Cp value is defined as 
Cp = RSS/s? — (n — 2p), where n is the number of 
fetuses, p is the number of critical points, RSS is the 
residual sum of the squares from a given combination 
of p points, and s? is the residual mean square based 
on the regression using all given duration points.'® 
The procedure for selecting the best piecewise linear 
regression consisted of two steps. First, p was deter- 
mined as the smallest p such that the Cp value is =p; 
then the best combination’ of critical points was se- 
lected as that when the smallest Cp value was found 
among the groupings of critical points." All calcula- 
tions were made with the computer package program, 
BMDP9R on an IBM system 4381 (Sumare, SP, 
Brazil)."" 


cot 1 D 


p= 2 


Critical Cp Critical Cp Critical 
points ‘value points value points A 


58 — 7.46 0.50, 0.89, 1.58 —- 6.2] 
5 — 7.44 0.38, 0.89, 1.58 — 6.16 
8 6.99 0,62, 0.89, 1.58 —6.14 
5 — TAL 0.15, 0.39, 1,95 — 6.63 
8 — 7.49 0.18, 0.89, 1.95 -6.57 
] — 7.24 0.12, 0.89, 1.95 — 6.34 


- A simulation experiment for measuring eye- 
movement duration. To evaluate overall accuracy of 
the observation system, a simulation experiment was 
made apart from this study (data not shown) from data 
acquisition, through recording of the ultrasonographic 
image in videotapes, replaying the videotapes and de- 
termining the frame codes at the onset and the end of 
each eye movement, and finally by measuring the du- 
ration of each eye movement unit. As a model for the 
fetal eyeball, we used a mechanical sector scannerhead 
(ASU-32H-3.5, Aloka, Tokyo), in which the diameter 
of the discoid transducer element and the scanning 
range resembled the size of the fetal lens and the hor- 
izontal oculomotor range in adults,’ “ respectively. 
The movement of the sector scanner transducer, sub- 
merged into deaerated water, was observed with the 
convex scannerhead used in the main study and was 
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Fig. 3. Scattergram obtained from 11 cases in age group from 37 to 41 weeks’ gestation. Display 
format and abbreviations used: are described in Fig. 2. 


recorded on videotape. This test was performed at two 
different cycles; 0.08 second and 0.09 second. Conse- 
quently, the mean values (+ SE) for the two cycles were 
0.08 + 0.01 and 0.09 + 0.01 second, and the coeffi- 
cients of variation were found to be 12.5% and 11.1%, 
respectively. 


Results 


Fig. 2 snows the scattergram of the cumulative du- 
ration versus given duration in the first age group be- 
tween 33 and 36 weeks’ gestation. Given duration 
ranged from 0.07 to 4.75 seconds. One critical given 
duration point was indicated with statistical significance 
at 0.62 second (Cp = —4.53; Table I), at which the 
mean cumulative duration value was 29.0%. 

Fig. 3 demonstrates the scattergram of cumulative 
duration versus given duration in the second age group 
at 237 weeks’ gestation; given duration ranged from 
0.07 to 5.20 seconds. One statistically critical given du- 
ration point was noted at 0.76 second (Cp = —8.20) 
among fetuses in this group (Table I). The mean cu- 
mulative duration value at the critical point was 


47.19%. 


Comment 


We focused our study on fetuses at =33 weeks’ ges- 
tation in consideration of our previous report that states 
that eye movements become consolidated and form a 
period of rapid eye movement or so-called rapid eye 
movement period by this point in gestation.’ Rapid eye 
movement periods reach an almost uniform length of 
time and last approximately 30 to 40 minutes at 36 to 
37 weeks of gestation onward. Taking into considera- 


tion the chronologic development of the rapid eye 
movement period according to advances in gestation, 
we divided fetuses into two age groups to document 
whether age-related change in the manifestation of 
rapid and slow eye movements is present between 33 
to 36 weeks and 37 to 41 weeks of gestation. 

Piecewise linear regression analysis is performed in 
any study to identify critical points, if any, without prior 
knowledge of their existence. Such analysis reveals that 
measurements with values ranging less than and more 
than critical points differ in characteristics, thus re- 
flecting underlying factors. 

From this study one critical point per age group was 
evident at 0.62 and 0.76 second in the duration of the 
eye movement unit during 33 to 36 weeks and 37 to 
41 weeks of gestation, respectively, thereby indicating 
that two distinct kinds of eye movements exist in both 
age groups: one with durations from 0.07 to 0.6-0.8 
second and the other with durations from 0.6-0.8 
second to 4-5 seconds (Figs. 2 and 3). Our findings 
are compatible with those of Aserinsky and Kleitman,' 
who termed rapid and slow eye movement by the du- 
ration of such movement, in which the former lasts 
approximately 1 second and the latter lasts 3 to 4 sec- 
onds. Therefore the two types of eye movements we 
observed can be considered to correspond with the cri- 
teria of Aserinsky and Kleitman of rapid eye movement 
and slow eye movement. The age-related difference 
between 33 to 36 weeks and 37 to 41 weeks’ gestation 
is seen by the increase in the proportionate amount of 
time maintaining rapid eye movement, as indicated by 
the increase in the cumulative duration of such move- 
ment at the critical points. | 
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Because of the anatomic structure of the extraocular 
muscles attached to the orbital socket, in the absence 
of the supranuclear control necessary for extremely 
fine integration of neural activity, the extraocular mus- 
cles become hypotonic with incocrdinate waxing and 
waning that results in the occurrence of slow eye move- 
ments.' Thus slow eye movements reflect decreased 
skeletal muscle tone, which represents the tonic phe- 
nomenon during rapid eye movement sleep, and its 
control mechanism differs from that of the phasic phe- 
nomenon, such as rapid eye movement. Studies have 
also reported that infants delivered at 33 to 35 weeks 
show a reduction in muscle action potentials during 
rapid eye movement sleep.'* 6 

On the basis of previous reports, our findings from 
this study will further the determination of whether the 
rapid eye movement period can be linked, using rapid 


eye movement and slow eye movement as indicators, : 


to. rapid eye movement sleep in the human fetus 
in utero at 33 weeks’ gestation and therafter. 


We thank L. Saza for editorial support, K. Akazawa, 
Kyushu University, for statistical analysis, and T. Su- 
zuki, Kyushu University, for computer assistance. 
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Continuous or interrupted fascial closure: A prospective 
evaluation of No. 1 Maxon suture in 402 


gynecologic procedures 


James W. Orr, Jr., MD, Pamela F. Orr, RN, Jeffrey M. Barrett, MD, 
John R. Ellington, Jr., MD, Ralph H. Jennings, Jr., MD, Keith B. Paredes, MD, 


Bruce Patsner, MD, and Dale L. Taylor, MD 
Lakeland. Florida 


During a 14-month period of using a long-term absorbable suture (No. 1 Maxon), 402 patients were 
entered irto a prospective, randomized trial of fascial closure. Patients were randomized between a 
continuous closure (201 patients) and an interrupted en bloc (201 patients) technique. Each patient was 
subjected to a preoperative and intraoperative protocol for wound management. There were no acute 
wound failures. Wound infection rates and risk of hernia were not apparently affected by closure 


technique. (AM J Opstet GYNECOL 1990;163:1485-9.) 


Key words: Abdominal closure, absorbable suture 


Gynecologists currently perform over 4 million op- 
erative procedures yearly in this country, 75% of which 
involve an abdominal incision." Incision type and place- 
ment are guided by numerous variables including di- 
agnosis, urgency, patient build, the presence or absence 
of previous incisions, the need for a stoma, or cosmetic 
preferences. To date, no prospective, randomized data 
concerning wound closure after gynecologic proce- 
dures exists. Therefore the selection of closure tech- 
nique ar.d suture material is usually governed by an- 
ecdotal experience, familiarity, prejudice, and previous 
training. 

This article details a prospective evaluation of 
the efficacy and benefits of a nonlocking continu- 
ous, en bloc closure versus an interrupted far-far/near- 
near (Smead-Jones) closure in 402 gynecologic incisions 
using a long-term, absorbable, polyglyconate suture. 


Methods and material 


During the 14 months before September 1988, 404 
women were entered into the study protocol. Prior ap- 
proval ky the Institutional Review Board of Lakeland 
Regional Medical Center and the Watson Clinic, Lake- 
land, Florida had been obtained. Each patient provided 
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written, informed consent. The patients’ risk criteria 
(Table I) were evaluated, and patients were eligible if 
their total score was <7. After entry, a computer gen- 
erated randomization table was used to allocate patients 
into a continuous or interrupted en bloc closure tech- 
nique. There was no attempt to stratify patients as to 
incision type because this decision was made intra- 
operatively. All eligible patients who consented were 
included in this surgical protocol. 

Every patient was evaluated preoperatively by at least 
one of the authors (P. O.) and was examined daily dur- 
ing the hospital stay by at least two of the authors; 1- 
month and 6-month evaluations were also performed. 

Surgical preparation was relatively uniform. Preop- 
erative hospitalization was minimized and the majority 
(54%) of patients were admitted the day of surgery. 
Preoperative mechanical bowel preparation was used 
in all patients with a known or suspected diagnosis of 
malignancy. No preoperative douche was performed, 


_ and the vagina was prepped only in the operating room. 


If hair removal was deemed necessary, it was clipped 
in the operating room. All incisions were at least 15 cm 
in length. Single-dose antibiotic prophylaxis was rou- 
tinely used; no patient received more than three doses. 
All vaginal cuffs were closed with 2-0 polyglycolic acid 
sutures. The visceral or parietal peritoneum was not 
routinely closed. Copious pelvic irrigation was per- 
formed before closure. Closed suction pelvic drainage 
was used only in patients who had radical hysterectomy 
and bilateral pelvic lymphadenectomy. 

Fascial closure incorporated No. 1 Maxon suture 
(Davis & Geck, Danbury, Conn.) in all patients. Inter- 
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Table I. Risk criteria—fascial closure 


Risk factor | Score 


Weight/height ratio (> 120%) 
Weight (>200 LBs) 

Previous radiation 

Cancer 

Active infection 

Malnutrition (albumin <3.0 gm/dl) 
Steroids 
Diabetes 


RO mm me OO NOD OO ww AY 


Low risk <7. 


rupted closures involved an en bloc far-far/near-near 
(Smead-Jones) technique in vertical incisions and a 
wide-placed tissue “bite” in transverse incisions.” When 
an interrupted closure was used, the fascial edge to 
suture interface was at least 1.5 cm and the suture-to- 
suture distance was 1.5 to 2.0 cm. The peritoneum was 
only incorporated into the closure if easily mobilized. 
Continuous closures involved a two-suture technique, 
either from side to side or above and below. Sutures 
were placed at least 1.5 cm from the fascial edge and 
1.5 to 2.0 apart. All knots were secured with at least 
a surgeon’s-surgeon’s/square-square knot. Knots were 
secure but not tied so as to strangulate tissue. Copious 
irrigation of the subcutaneous tissues was usual. Sub- 
cutaneous sutures or drains were not used. Skin clips 
were the chosen method of skin closure. All incisions 
and closures were performed by board-certified gy- 
necologists. 


Results 


During the study period, 404 patients were regis- 
tered and 402 patients were evaluable; the two une- 
valuable patients underwent vaginal operation. Ran- 
domization allotted 201 patients into a continuous and 
201 patients into an interrupted fascial closure. One 
hundred forty-eight patients (36.8%) had a transverse 
incision and 254 had a vertical incision. Review of the 
identifying data indicated that the patients could be 
delineated into two groups: those with a transverse in- 
cision and those with a vertical incision (Table II). The 
two incision groups differed in number of patients, 
mean age (t test; p < 0.0001), weight (p = 0.0036), and 
risk score (p < 0.0001). However, within incision type, 
there was no difference in these factors between those 
patients with a continuous and interrupted closure. 
These incision type differences also existed in the post- 
operative diagnosis (Table III) and the operative pro- 
cedure (Table IV}. As expected, the majority of pro- 
cedures for surgical treatment of a suspected gyneco- 
logic cancer or known malignancy were performed 
through a vertical incision. 

The majority of procedures were classified as clean 
or clean contaminated (Table V). Mean fascial closure 
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time was statistically (p < 0.01) and clinically shorter 
in the continuous closure group regardless of incision 
type (Table VJ). 

Acute and long-term complications were rarely en- 
countered in those patients with a transverse incision 
(Table VII). Although the overall incidence appeared 
increased in patients with vertical incisions, there was 
no statistical or clinical difference in the incidence of 
seroma or infection (p = 0.10). When the continuous 
and interrupted closures in this series were compared, 
the risk of hernia was not increased in the presence of 
infection, and the method of closure did not increase 
the risk (p = 0.5). The mean age and weight for those 
patients in whom a hernia developed was 59.6 years 
and 155 pounds. The mean risk score for those with 
hernias was 2.8 (continuous) and 3.0 (interrupted). Nei- 
ther complete wound dehiscence nor evisceration de- 
veloped in any patient. 

The infection/seroma rate (2.68) was 2.1% in clean 
wounds; .3.1% (10/325) in clean contaminated wounds, 
and 22.1% (2/9) in contaminated wounds. 


Comment 


A predictable pattern of healing occurs after a sur- 
gical incision.” Surgical and natural hemostasis, an im- 
mediate requirement, is followed by the release of va- 
soactive substances, an influx of polymorphonuclear 
leukocytes, and a state of acute inflammation. After 3 
days capillary proliferation begins. at the wound edge 
and randomly oriented collagen monomers are found. 
Approximately 4 days later the phase of collagen mat- 
uration begins and the resultant wound stress and co- 
valent collagen binding begins to impart strength to 
the wound. Even at this time (approximately 7 days), 
incisional strength remains totally related to suture 
strength. 

Although the wound-breaking tension of a given in- 
cision may vary dramatically (with a fivefold to tenfold 
interpersonal difference), the abdominal fascia appar- 
ently regains its strength slowly. In fact, less than 40% 
of the unwounded tensile strength is present at 8 
weeks.’ The majority of known absorbable sutures ac- 
tually retain only about 10% of their original tensile 
strength at 3 weeks? and potentially place the abdom- 
inal wound at risk for late complications such as hernia 
formation. Permanent sutures maintain constant ten- 
sile strength during this healing period. However, the 
use of a permanent suture increases the risk of late 
wound pain or sinus formation. In consideration of 
these facts, an absorbable suture with a slower loss of 
tensile strength could be of potential benefit by main- 
taining wound strength during the early phase of heal- 
ing and not becoming a permanent foreign body with 
its inherent problems. 

Fascial strength is also related to suture placement. 
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Table II. Fascial closure with No. 1 Maxon 
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No. of patients 72 76 129 125 
Age (yr) 
Mean 38.5 + 1.1 40.8 + 1.3 54.5 + 1.3 52.9 + 1.2 
Median 36 38 53 53 
Weight (lb) 
Mean 143.6 + 3.1 143.6 + 3.6 155.3 + 3.1 150.4 + 2.8 
Median 138 137 146 144 
Mean risk score 0.67 + 0.2 0.82 + 0.2 2.07 + 0.2 2.15 + 0.2 
% Risk score 28.2 34.2 73 79.2 
>] 
Table III. Postoperative diagnosis 
Leiomyomas 25.0 14.5 17.8 17.6 
Endometriosis 15.3 132 4.7 4.0 
Benign cvarian cyst 9.7 9.2 9.3 12.0 
Hyperplasia 8.3 7.9 7.0 3.2 
Cervical intraepithelial neoplasia 4.2 1.3 0.8 
Cervical cancer 9.7 13.2 5.4 8.8 
Incontinence 9.7 13.2 4.0 
Bleeding 4.2 7.9 4.7 1.6 
Endometrial cancer K3 10.1 8.8 
Ovarian cancer 12.4 20.0 
Other 13.9 18.2 28.4 20.0 
TOTAL 100.0 99.9 100.0 100.0 
Table IY. Operative procedure 


Procedure 


Hysterectomy plus benign 65.3 

Hysterectomy plus malignant 

Radical hysterectomy 

Exenteration 

Surgical reassessment or de- 
bulking 

Other 


9.7 


25 


Tera and Aberg“ reported that wound closure strength 
can be coubled in vertical incisions if sutures are placed 
1.5 to 2.0 cm away from the linea alba. These data have 
some clinical support because retrospective clinical 
studies indicate a low risk of fascial dehiscence in ver- 
tical incisions closed with an en bloc technique.’ Un- 
fortunately, the same clinical data are not available in 
the closure of transverse incisions because intermediate 
(7-day) and long-term (21-day) wound strength is not 
apparently increased with an en bloc closure.’ Although 
the trarisverse incision is only half as strong as a vertical 
incision closed en bloc,’ the postoperative stress placed 


61.8 45.0 45.6 

15.5 13.6 

11.8 4.7 5.6 
1.3 

17.1 21.6 

29.1 17.7 19.8 


on a transverse incision appears less, and clinically this 
cosmetic incision performs well. In fact, the clinical suc- 
cess of the transverse incision may not be related to its 
strength but rather to the bias of physicians to use this 
incision in young, healthy women. 

Knot tying techniques may be as important in main- 
tenance of incisional strength as suture placement. 
Tight knots potentially strangulate tissue and interfere 
with optimal wound healing.’ 

The study protocol was designed to control these 
variables and to evaluate the effects of different. meth- 
ods of wound closure with a single-suture material only- 
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Table V. Operative procedure 


Continuous (%) Interrupted (%) Continuous (%) 


Type incision 


Clean 13.9 
Clean contaminated 86.1 
Contaminated 


Table VI. Fascial closure time 


Transverse 


Closure time (min) 
Mean 


Range 


45 | 
2.75-7.0 


Table VII. Complications of fascial closure 


Continuous (%) Interrupted. (%) Continuous (%) 
2.6 ` 


Seroma/infection 
Hernia 

l mo 

6 mo 
Dehiscence 


Oooo 


Few prior reports recognize and control for these po- 
tential confounding variables. As a result, gynecologists 
are required to place over 40 million fascial sutures 
each year, relying on general surgical data to make 
decisions. Unfortunately, these data are often biased 
by the inclusion of males and a different incision place- 
ment, both of which may alter the risk of wound 
outcome.® 

Not uncommonly, previous prospective papers eval- 
uated different suture composition, different suture 
size, and different closure techniques in a single pro- 
tocol.* ° The inclusion of these additional variables 
even in large studies makes it difficult to clarify the 
salient information. Wissing et al.’° recently reported a 
prospective randomized multicenter study of fascial 
closure in 1400 patients that evaluated No. 2 polyga- 
lactin (interrupted), No. 1 polygalactin (continuous), 
No. 1 polydioxanone sulfate (continuous), and No. 1 
nylon (continuous) sutures.'' The study was conducted 
in multiple institutions, there was no stratification of 
wound risk factors, and there was no report of control 
of the preoperative or intraoperative factors important 
in wound healing. However, it apeared that the hernia 
rate (10.4% to 20.6%) of all reported closure techniques 
in this prospective study was significantly higher than 
reported in previous retrospective reviews. In fact, this 
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Vertical 
Interrupted (%) 
17.1 16.3 19.2 
79.0 81.4 78.4 
3.9 2.3 2.4 
Vertical 
8.75 4.75 12.10 
5.5-11.0 3.0-6.5 6.5-14.5 
Vertical 
Interrupted (%) 
0 5.6 3.2 
0 0 0 
0 3.9 2.4 
0 0 0 


prospective incidence was twentyfold higher than two 
recent retrospective reports in the gynecologic litera- 
ture.'’ '? In addition, chronic wound pain or wound 
sinus problems were common with use of permanent 
suture.’ 

In contrast to previous investigations, our protocol 
attempted to control for factors that predispose to 
wound infection since all incisions were closed by ex- 
perienced gynecologists, patients had a short hospital- 
ization, hair clipping, and short-term antibiotic pro- 
phylaxis. Although not usually stated in previous re- 
ports, even the last factor may be important because 
recent data suggest that longer-term prophylaxis may 
adversely affect wound healing and result in late wound 
failures.'* Small (2-0) polyglycolic acid sutures were 
used during the pelvic portion of the operation. Use 
of subcutaneous sutures, which potentially increase 
the risk of infection, and subcutaneous drains were 
avoided. Each incision was closed with widely placed 
sutures to approach an optimal suture length to wound 
length ratio of 4:1. 

Our protocol evaluated a polyglyconate suture [32% 
trimethylene carbonate (pliability) and 68.1% poly- 
glycolic acid copolymer (strength)] that maintains as 
much as 40% of its tensile strength at 6 weeks." The 
hydrolysis-associated breakdown allows more gradual 


Volume 163 
Number 5, Part | 


loss of suture strength and theoretically mirrors the 
return of strength of the healing fascia. The monofil- 
ament character of this suture allows ease of passage 
through tissue and may decrease the risk of infection 
when compared with braided materials. Surgeon’s 
knots were used because they impart the greatest 
strength to a suture. Finally, some preoperative attempt 
to stratify for risk of poor wound outcome was used. 
Although the risk categorization may at first appear 
arbitrary, the authors desired that no single risk factor 
would eliminate a patient from the protocol. Although 
it might appear that these patients were “low” risk, the 
mean risk scores suggest that those patients with verti- 
cal incisions had a significant incidence of factors that 
might adversely affect wound outcome. 

Our data suggest that wound infection or seroma 
risks were not affected by the method of fascial closure 
with use of a strict wound management protocol and 
a monofilament suture. However, it was interesting that 
late postoperative seromas (>10 days) developed in 16 
patients during the protocol. The risk of incisional her- 
nia was not affected by the method of closure. 

The results of our study suggest that in a private 
practice of gynecology, wound closure by a continuous 
closure technique with a long-acting absorbable suture 
appears to be associated with few short-term and long- 
term wound problems when compared with an en bloc 
closure. This closure may be performed in less than 
half the operative time and apparently does not in- 
crease the risk of long-term wound complications. The 
importance of shortening the operative procedure has 
numerous benefits, both in cost savings and decreasing 
infectious risks, particularly in those procedures of in- 
termediate operating time when closure may account 
for as much as 20% of the operative time. 


10. 


14. 
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Endometrioma of the liver 


Vittorio Rovati, MD, Edoardo Faleschini, MD, Paolo Vercellini, MD,” 
Giovanni Nervetti, MD,* Giorgio Tagliabue, MD," and Guido Benzi, MD” 


Milan, Italy 


Hepatic endometriosis is extremely rare. We describe a patient sent to us with epigastric pain as the only 
symptom and who was found to have associated endometrioma of the liver and left ovary. We suggest a 
gynecologic evaluation before surgery for hepatic cyst of unknown cause. (AM J OBSTET GYNECOL 


1990;163:1490-2.) 


Key words: Endometriosis, liver cyst, abdominal pain 


The occurrence of extrapelvic endometriosis is not 
uncommon. The only organ in the abdominal cavity 
that is apparently refractory to the disease is the spleen. ' 
We are aware of only one case of hepatic endometriosis 
reported in the literature.” We describe another patient 
with a hepatic endometrioma. 


Case report 


A 37-year-old nulligravid woman who had never un- 


dergone laparotomy was referred to us because of 


chronic, acyclic epigastric pain of a year’s duration not 
accompanied by other symptoms. At abdominal pal- 
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pation an epigastric mass was identified of hard elastic 
consistency and smooth surface, moderately tender, 
and of probable hepatic origin. Results of the abdom- 
inal examination were otherwise normal. Liver ultra- 
sonography showed a septate cystic formation of 10 cm 
in the left lobe, with low-level echoes. An abdominal 
computed tomography scan revealed a multilocular cyst 
of 10 cm diameter with fine calcifications in the wall 
(Fig. 1). Laboratory values were normal; hepatitis B 
surface antigen and antibodies were negative. A ten- 
tative diagnosis was made of Echinococcus cyst contain- 
ing daughter cyst, and surgical exploration was pro- 
grammed. 

At laparotomy with double subcostal incision ex- 
tended to the xiphoid process, the left liver lobe had a 
hard elastic mass on the parenchymal surface, con- 
nected to the diaphragm by adhesions. Intraoperative 
ultrasonography after section of the adhesions and the 
falciform ligament showed that only the second and 
third hepatic subsegments were involved. A left lateral 





Fig. 1. Computed tomographic scan shows hypodense formation, delimited by wall of greater density 


containing fine calcifications, located at level of second and third hepatic subsegments. 
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Fig. 3. Histologic preparation of hepatic cyst composed of fibrous wall and internal epithelial lining 
with endometrial glands and stroma in secretory phase. (Hematoxylin and eosin stain; original 


magnification X 28.8.) 


segmentectomy was performed with removal of the en- 
tire cyst (Fig. 2). Gross examination showed a multi- 
locular formation of endometriotic type with the typical 
dense chocolate-colored content. At histologic exami- 
nation the cyst wall was lined by endometrial glands 
and stroma in secretory phase (Fig. 3). 

In view of the histologic diagnosis, a gynecologic con- 
sultation was requested. The gynecologic history was 
negative. Pelvic exploration showed a nontender cystic 


mass at the left adnexal site, confirmed by ultrasonog- 
raphy. The patient underwent a second laparotomy 
and left adnexectomy was performed because of an 
ovarian endometrioma of 5 cm diameter. Small 
peritoneal endometriotic lesions were electrocoagu- 
lated. 

Danazol 600 mg/day was prescribed postoperatively 
for 6 months. At 26 months of follow-up the patient 
was asymptomatic and neither physical examination 
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nor repeat pelvic and abdominal ultrasonography 
showed signs of disease recurrence. 


Comment 


The pathogenesis of a hepatic endometrioma is dif- 
ficult to explain. The coexistence of pelvic endometri- 
osis in our patient could suggest dissemination through 
the clockwise intraabdominal circulation of peritoneal 
fluid. On the other hand, endometrial cells are nor- 
mally present in the physiologic retrograde menstrua- 
tion, and even in cases of pelvic endometriosis upper 
abdominal lesions are extremely rare. In the embryo 
the paramesonephric ducts derive from an invagination 
of coelomic epithelium. Furthermore, this epithelium 
covers the hepatic “bud.” Hepatic endometriosis could 
originate from a spread of miillerian cells in the cranial 
direction or possibly from coelomic metaplasia of the 
peritoneum covering the liver. The rarity of the lesion 
could be related to the distance from the internal gen- 
ital system. ' 

According to the classification by Markham et al.,' 
our patient had class I endometriosis (involving the 
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intestinal tract), stage I.2.c [no organ defect, intrinsic 
(parenchyma), >4 cm lesion]. We would not place her 
in class 0 because this refers to endometriosis that in- 
volves sites outside the abdominal cavity. 

In view of the absence of pelvic symptoms in our 
patient and the extreme rarity of hepatic cyst of en- 
dometriotic origin, she did not undergo a preoperative 
gynecologic evaluation. The only other case of hepatic 
endometrioma reported in the literature of which we 
are aware presented no indications of associated genital 
lesions.” We believe that endometriosis should be in- 
cluded in the differential diagnosis of a hepatic cyst of 
unknown cause and that a gynecologic examination and 
pelvic ultrasonography should be performed before 
surgery is attempted. 
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Antinuclear antibodies in sera of patients with recurrent 


pregnancy wastage 


Ling Xu, MD, Victoria Chang, BS, Ana Murphy, MD, John A. Rock, MD, 
Marian Diamewood, MD, William Schlaff, MD, and Howard A. Zacur, MD, PhD 


Baltimore, Maryland 


Four groups of women were studied to determine whether low-level antinuclear antibody titers are 
associated with a higher risk for pregnancy loss. Group A consisted of 30 patients with a history of 
unexplained fetal losses. Group B consisted of 30 women with “explained” fetal losses (e.g., uterine 
septum or luteal phase defect). Ages and number of losses were comparable between the women in 
groups A and B. Group C consisted of 61 healthy pregnant women. Group D involved 61 healthy 
nonpregnent women of reproductive age. In groups A and B, 40% and 53.3% of the respective patients 
had antinuclear antibody titers =1 : 40. In groups C and D the frequencies of positive antinuclear antibody 
titers were 8.2% and 5.6%, respectively. This study demonstrates a high prevalence of low-titer antinuclear 
antibody—positive serum in patients with explained and unexplained pregnancy losses. (Am J OBSTET 


GYNECOL 1990;163:1493-7,) 


Key words: Repeated pregnancy wastage or losses, habitual abortion, antinuclear antibody 


Recurrent fetal wastage is common in women with 
systemic lupus erythematosus," presenting even be- 
fore the onset of clinical manifestations.*° Since anti- 
nuclear antibodies have been accepted as serologic 
markers for the presence of autoimmune disease,°* the 
association between recurrent fetal wastage and serum 
antinuclear antibodies, especially in women who are 
asymptomatic of any autoimmune disease, has been 
investigated. No clear relationship has been established 
until recenily when Garcia-De La Torre et al.” reported 
a 30% prevalence of antinuclear antibody-positive sera 
in patients with unexplained habitual abortions that was 
significantly greater than 6.6% prevalence in their con- 
trol group with normal pregnancies. Cowchock et al.’° 
reportec. positive antinuclear antibody titers in four of 
14 patients with idiopathic habitual abortion but in only 
one of 16 patients whose repeated abortions had an 
explanation (i.e., uterine anomalies, chromosome ab- 
normalities, or luteal phase defect). In a recent pro- 
spective study Farnam et al.’! reported that the inci- 
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dence of positive antinuclear antibody titers in preg- 
nant women is significantly higher than in nonpregnant 
women and reaches its highest level at the end of preg- 
nancy. 

To determine whether positive antinuclear antibody 
titers are associated with a higher risk of recurrent fetal 
wastage or a physiologic change in normal pregnancy, 
we conducted a study to compare the prevalance of 
antinuclear antibody titers among patients with unex- 
plained recurrent fetal wastage, patients with explained 
recurrent fetal wastage, women with normal preg- 
nancy, and healthy nonpregnant women. 


Material and methods 


Subjects 

Patient population. Patients in this study were referred 
to The Johns Hopkins Hospital from August 1984 to 
November 1987 for evaluation after at least two con- 
secutive pregnancy losses. Clinical and laboratory eval- 
uation in all patients included antinuclear antibody 
measurement, karyotypic analysis, hysteroscopy or hys- 
terosalpingography, endometrial bicpsy or progester- 
one determinations, and cervical cultures. Thyroid 
function studies, activated partial thromboplastin time, 
anticardiolipin panel, mixed lymphocyte culture, or hu- 
man leukocyte antigen typing were not performed in 
all patients. 

Thirty patients (group A) were identified as having 
unexplained recurrent fetal wastage because clinical 
and laboratory evaluation failed to reveal any cause for 
their pregnancy losses. The mean age of the group was 
32.6 years (range, 21 to 38 years). The mean number 
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Table I. Possible causes of pregnancy losses in 
patients with repeated pregnancy losses 


Causes No. 


Uterine abnormality l 
Luteal phase defect 

Chromosome abnormality 

Positive cervical culture 

Hyperprolactinemia 

Adrenal hyperplasia 

Two or more causes combined 


ee et OD) OD 


Q3 
Oo 


TOTAL 





of pregnancy losses was 3.3 (range, 2 to 14). No patient 
had a history of autoimmune disease. 

Another 30 patients (group B) were identified as hav- 
ing explained repeated pregnancy losses because their 
clinical and laboratory evaluation showed one or more 
of the following diagnoses: uterine abnormalities, chro- 
mosome abnormalities, luteal phase defects, positive 
cervical culture, or other endocrine and metabolic dis- 
orders (Table I). The mean age of this group was 30.4 
years (range, 24 to 38 years), and the mean number of 
pregnancy losses was 2.8 (range, 2 to 6). None had a 
history of known autoimmune disease. 

Normal pregnant population. Serum samples from 61 
healthy pregnant women were obtained during routine 
prenatal visits to the obstetric clinic at The Johns Hop- 
kins Hospital (group C). The mean age of this group 
was 23.2 years (range, 14 to 35 years). Eighteen women 
were in their first or second trimester, and 43 were in 
the third trimester of pregnancy when studied. Indi- 
viduals with a known history of autoimmune disease 
were not included in this group. 

Healthy nonpregnant population (control group). Sixty- 
one healthy nonpregnant women of reproductive age 
(15 to 40 years) were studied (group D). They were 
considered healthy because none of them had a history 
of known autoimmune diseases, metabolic disorders, 
or any chronic or current infectious diseases. These 
patients had been recruited for another clinical study 
of oral contraceptive therapy that had been approved 
by The Johns Hopkins Hospital Joint Committee on 
Clinical Investigation. None of these patients were tak- 
ing oral contraceptives at the time of baseline blood 
sampling. 

Antinuclear antibody determination. An indirect 
fluorescent antibody technique using HEp-2 cell cul- 
ture and reagents supplied by Zeus Scientific, Inc. (Rar- 
itan, N.J.) was used for the antinuclear antibody screen- 
ing. Sera with 1+ or greater fluorescence at a dilution 
of 1 : 40 were considered positive. 

Statistical analysis. Statistical analysis was performed 
with the use of ¢ tests for differences between means, 
and the use of x’ statistic with correction for continuity. 
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Significance was determined at a probability level of 
0.05 for two-tailed test. 


Results 


Table II demonstrates the frequency of antinuclear 
antibody—positive sera in each study group. The fre- 
quency of positive antinuclear antibody titers in sera of 
30 patients with unexplained repeated pregnancy losses 
was 40% in comparison with only 5% in 61 healthy 
nonpregnant women. This difference was statistically 
significant (x? = 15.19, df = 1, p<0.01). The fre- 
quency of antinuclear antibody—positive sera in 30 pa- 
tients with explained repeated pregnancy losses was 
53%; this incidence was also significantly different from 
the control group (x? = 25.42, df = 1, p< 0.01). No 
significant difference in the frequency of antinuclear 
antibody—positive sera between patients with explained 
or unexplained pregnancy losses was found. The mean 
age and mean frequency of pregnancy losses were also 
compared between antinuclear antibody—positive pa- 
tients and antinuclear antibody—negative patients in 
both explained and unexplained recurrent fetal wast- 
age groups. No significant differences were found 
(Table HD. 

In the group of 61 healthy pregnant women (group 
C) the frequency of antinuclear antibody—positive sera 
was 8%. Table II shows that there was no significant 
difference in the frequency of antinuclear antibody— 
positive sera between normal pregnant women and 
healthy nonpregnant women (group D) (x’ = 0.4, 
df = 1, p > 0.05). Gestational age did not correlate 
with antinuclear antibody—positive sera (Table IV). 
Comparison of antinuclear antibody—positive sera be- 
tween nonpregnant women, pregnant control women, 
women with unexplained repeated pregnancy losses, 
and explained pregnancy losses showed no effect of 
age (Tables III and V). 


Comment 


It has been recognized that women with autoimmune 
disease have an increased frequency of pregnancy 
losses. The recognition of this association has led to 
general recommendations to screen patients with re- 
current fetal wastage for autoimmunity. Reports on 
the association between recurrent fetal wastage and 
positive antinuclear antibody titers from several recent 
studies are controversial. In this study four population 
groups were examined for the frequency of antinuclear 
antibody—positive sera, and the differences among 
these groups in terms of antinuclear antibody—positive 
sera were compared. 

The question of whether recurrent fetal wastage is 
associated with certain autoimmune disorders has been 
investigated. Garcia-De La Torre et al.’ reported that 
the prevalence of antinuclear antibodies was signifi- 
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Table II. Frequency of antinuclear antibody—positive sera in each study group 


Antinuclear antibody— 
posttive* 


Groups No. % Significance test 
Normal control 61 3 5.6 — 
Normal pregnancy 61 5 8.2 p>0.05 (x? = 0.14) 
Explained recurrent fetal 30 16 53.3 p<0.01 (x? = 25.42) 
wastage 
Unexplained recurrent fetal 30 12 40 p<0.01 (x° = 15.80) 
wastage 





*Positive antinuclear antibody sera defined as having a titer of =1:40, 


Table III. Comparison of selected variables between antinuclear antibody—negative and antinuclear 
antibody—positive patients with explained or unexplained recurrent fetal wastage 


Explained recurrent fetal wastage 


Antinuclear Antinuclear 
antibody— antibody— 
Variables negative positive 
Age (yr) (mean + SD) 29.4 + 9.0 29.9 + 4.0 
No. of pregnancy losses 3.1 + 1.0 2.5 + 0.6 
(mean + SD) 
Frequency of primary 85.7 93.6 
recurrent fetal wast- 
age (%) 





Unexplained recurrent fetal wastage 


Antinuclear Antinuclear 
antibody— antibody— 
p negative positive p 





>0.80 32.6 + 3.1 31.6 + 4.7 >0.80 
>0.05 3.4 + 2.8 3.3 + 1.1 >0.80 
>0.40 72.2 83.3 >0.50 


Positive antinuclear antibody sera defined as having a titer of =1:40. 


Table IV. Association between serum-positive antinuclear antibody and gestational age in normal 


pregnancy 








Gestational age 
(wk) 


<2?8 18 
>28 43 
TOTAL 61 


cantly greater in patients with unexplained habitual 
abortion than in women with normal pregnancies. In 
a recent controlled prospective study, Petri et al.’ 
found that patients with idiopathic habitual abortion 
did not differ from normal control subjects in the fre- 
quency of positive titers for antinuclear antibodies or 
anti-double-stranded deoxyribonucleic acid. In our in- 
vestigation antinuclear antibody—positive sera were 
found in 40% of 30 patients with unexplained recur- 
rent fetal wastage and in 53% of 30 patients with ex- 
plained pregnancy losses. In comparison, only three 
(5%) of 61 nonpregnant women and five (8%) of 61 
pregnart women had positive antinuclear antibody ti- 
ters. The differences are statistically significant not only 
between patients with recurrent fetal wastage and non- 
pregnant control women, but also between women with 


Antinuclear antibody—posiiive 








recurrent fetal wastage and normal pregnant women. 
Age did not affect these results. Therefore a positive 
correlation between pregnancy losses and frequency of 
antinuclear antibody—positive sera was revealed. 

A comparison between patients with unexplained re- 
current fetal wastage and patients with explained re- 
current fetal wastage was performed. These women 
were similar in age and number of pregnancy losses. 
The frequency of antinuclear antibody—positive sera 
was 40% in cases of unexplained recurrent fetal wastage 
and 53% in women with explained recurrent fetal wast- 
age. The difference was not significant (p > 0.05). Cow- 
chock et al. also reported no difference in rates of 
antinuclear antibody—positive sera in patients with 
unexplained recurrent fetal wastage compared with pa- 
tients with explained recurrent fetal wastage. Because 
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Table V. Relative odds and age-adjusted relative odds for antinuclear antibody—positive sera 


95% Confidence Age-adjusted 
Group Odds ratio interval odds ratio 


Normal control ] 

Normal pregnancy 2.7 

Unexplained recurrent fetal wastage 10.0 
_ Explained recurrent fetal wastage 2257 


the cause of fetal wastage is complex and undoubtedly 
multifactorial, other autoimmune disorders could be 
responsible for repeated pregnancy losses; this may ex- 
plain the difference between our results and those of 
other investigators. 

We attempted to determine if the presence of serum- 
positive antinuclear antibodies is a physiologic change 
of normal pregnancy. Most investigators have found 
that pregnancy is one factor that may cause exacer- 
bation of systemic lupus erythematosus. Many autoim- 
mune diseases such as systemic lupus erythematosus, 
progressive systemic sclerosis, autoimmune hemolytic 
anemia, and autoimmune thrombocytopenia are ex- 
acerbated during pregnancy. The association between 
‘pregnancy and serum antinuclear antibody has been 
reported from several studies. Farnam et al.” found 
that antinuclear antibody was detected in 23 of 214 
healthy pregnancy women (10.7%), but in only one 
nonpregnant woman of 50 was antinuclear antibody 
sera positive (2%). Polishuk et al. reported that serum- 
positive antinuclear antibody was present in 52.2% of 
normal pregnant women in comparison with 9.1% of 
controls, Our investigation revealed no significant dif- 
ference in the frequency of antinuclear antibody pos- 
itivity between normal pregnant women (8%) and 
healthy nonpregnant women (5%), p > 0.05; and this 
concurs with other recent reports." Unlike the find- 
ing in the study by Farnam et al.,'' we failed to find an 
increasing frequency of antinuclear antibody positivity 
in serum taken from pregnant women later in preg- 
nancy. 

Finally, we examined whether other factors were as- 
sociated with antinuclear antibody—positive sera in pa- 
tients with recurrent fetal wastage. Cowchock et al.'® 
reported that an increased frequency of antinuclear 
antibody—positive sera was not found in patients with 
two or more pregnancy losses. We are in agreement 
with these findings because in our study mean age, 
order or number of pregnancy losses, and number of 
previous induced abortions did not affect the frequency 
of antinuclear antibody—positive sera in women with 
unexplained or explained recurrent fetal wastage. Our 
results suggest that a screening test for antinuclear an- 


95% Confidence 


interval 
0.5-14.8 2.0 0.3-13.3 
2,.0-50.1 10.3 1.6-63.6 
4.6-112.2 26.6 4.9-145.8 


tibodies in patients with recurrent fetal wastage should 
be considered. Further observations on both the preg- 
nancy outcome and medical course of patients with 
positive screening studies will be necessary since the 
clinical significance of the positive antinuclear antibody 
titer remains to be determined. It also remains unclear 
whether the positive antinuclear antibody titer pre- 
ceded or followed the pregnancy losses. 


We thank Mrs. Kathy Zulty for her excellent editorial 
assistance. 
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Corpus luteum function in early pregnancies is primarily 


determined by the rate of change of human chorionic 


gonadotropin levels 


Paul G. Kratzer, MD, PhD, and Robert N. Taylor, MD, PhD 


San Francisco, California 


Regulation of human corpus luteum activity was studied with radioimmunoassays and bioassays of sera 
drawn serially from women suspected of having ectopic pregnancies. Progesterone values exhibited 
considerable overlap in pregnancies that were subsequently classified as normal intrauterine (^ = 21), 
ectopic (n = 35), or spontaneous abortion (n = 14). The rate of change of human chorionic gonadotropin 
concentration was significantly correlated with progesterone levels in ectopic (r = 0.64) and all 
pregnancies (r = 0.70). There was no correlation (r = —0.18) between the rate of change of human 
chorionic gonadotropin and the bioactivity produced per volume of serum. Ectopic pregnancies and normal 
intrauterine pregnancies did not differ in their ratio of in vivo bioactivity to immunoactivity. From these data 
we conclude that corpus luteum activity is primarily regulated by the rate of change of human chorionic 
gonadotropin concentration, without the involvement of other serum factors. We also conclude that 
reduced corpus luteum function in ectopic pregnancies is not a result of biochemical modification of the 
human chorionic gonadotropin molecule. Finally, we discourage the use of single progesterone values in 
screening for ectopic pregnancies because of the considerable overlap in progesterone values among 
these and normal intrauterine pregnancies. (Am J OspsTeT GYNECOL 1990;163:1497-502.) 


Key words: Corpus luteum, ectopic pregnancy, chorionic gonadotropin, progesterone 


The human corpus luteum is formed from the rem- 
nants of the postovulatory ovarian follicle. An impor- 
tant function of the corpus luteum is the synthesis 
of progesterone. Progesterone synthesized from the 
corpus luteum is required for the maintenance of 
normal pregnancy for the first 7 weeks’ gestation,’ 
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The placental syncytiotrophoblast synthesizes increas- 
ing amounts of progesterone, such that by 8 1/2 weeks 
the placenta and corpus luteum contribute equal 
amounts of progesterone and the placental contribu- 
tion alone is sufficient to maintain pregnancy.' Overall, 
the level of progesterone normally increases for the first 
2 weeks after conception while luteinization is promi- 
nent, and then slightly decreases or remains approxi- 
mately constant until the luteoplacental shift.” 

The regulation of the corpus luteum is poorly un- 
derstood. Human chorionic gonadotropin (hCG) ad- 
ministered to nonpregnant women in the luteal phase 
prolongs the life of the corpus luteum’? and enhances 
the production of progesterone.” However, a simple 
dose-response relationship does not exist for hCG as 
evidenced by the relatively constant progesterone levels 
in early normal intrauterine pregnancies in which the 
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hCG levels vary remarkably. Abnormalities of early hu- 
man pregnancy and placentation, such as ectopic preg- 
nancy and spontaneous abortion, provide opportuni- 
ties to evaluate corpus luteum pathophysiology. 

In ectopic pregnancies the progesterone levels are 
generally lower than in normal intrauterine pregnan- 
cies.'*!! However, these lower progesterone levels are 
not a result of the lower absolute hCG levels that are 
found in ectopic pregnancies, inasmuch as when ec- 
topic pregnancies and intrauterine pregnancies with 
similar hCG levels were compared, the progesterone 
levels in ectopic pregnancies were still lower.’? The 
cause of the lower progesterone levels in ectopic preg- 
nancies could be explained by several possible mech- 
anisms: (1) ectopic pregnancies might synthesize an in- 
ferior quality hCG, perhaps as a result of aberrant 
glycosylation, thereby rendering it less efficient in the 
stimulation of corpus luteum production of progester- 
one; (2) a specific factor(s) other than hCG might be 
responsible for corpus luteum stimulation and this fac- 
tor(s) could be deficient in ectopic pregnancies; (3) cor- 
pus luteum activity might be dependent on the rate 
of hCG production, which is lower in ectopic preg- 
nancies." | 

As a consequence of the lower progesterone levels 
noted in ectopic pregnancies, it has been proposed that 
ectopic pregnancies could be distinguished from nor- 
mal intrauterine pregnancies on this basis." We 


have studied a population of women who were first . 


seen in subacute condition and had serial blood samples 
_ drawn as part of an evaluation to rule out ectopic preg- 
nancy. Analysis of these samples allowed us to assess 
the basis of corpus luteum regulation and to evaluate 
the reliability of a single progesterone value in screen- 
ing for ectopic pregnancies. 


Materia! and methods 


Patients. Seventy patients were identified retrospec- 
tively from 1986 to 1990 who were first seen at either 
Moffitt Hospital or San Francisco General Hospital 
within the first 10 weeks’ gestation (5.6 + 0.2 weeks, 
mean + SE) in subacute condition with signs and symp- 
toms that were suspicious for ectopic pregnancy. All 
patients had conceived after spontaneous ovulation and 
had ‘not received postconceptional hormone support. 
Part of the management of these patients consisted of 
serial hCG levels drawn over several days. The sera 
were subsequently stored at — 20° C. The patients were 
ultimately classified into three groups by subsequent 
outcome: (1) ectopic pregnancy verified by pathologic 
examination of the surgical specimen, (2) viable intra- 


uterine pregnancy verified by follow-up prenatal care — 


to at least midgestation, or (3) clinical spontaneous 
abortion. 
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Assays. The frozen sera were evaluated with the fol- 
lowing assays. The hCG was assayed by a double- 
antibody radioimmunoassay that detected total B-hCG. 
The hCG levels were expressed as milliinternational 
units (mIU) with the Second International Standard 
for hCG. The intra- and interassay coefficients of vari- 
ation were 8% and 14%, respectively. Progesterone was 
assayed after hexane extraction with a standard radio- 
immunoassay with intra: and interassay coefficients of 
variation of 9% and 12%, respectively. In vivo bioac- 
tivity of hCG was détermined with a mouse uterine 


- weight assay.'* Serum from each patient was serially 


diluted in saline solution after normalizing to a constant 
concentration by radioimmunoassay. The patients’ sera 
were then injected intraperitoneally into 4-week-old 
Balb/c female mice on three successive days. On the 
fourth day the mice were killed. Each uterus was dis- 
sected free of the cervix, oviducts, and mesenteries, 
incised longitudinally, blotted dry, and then weighed. 
Uterine weight increased linearly from 10 to 50 mg 
with hCG concentration over the range of 15 to 100 
mIU/ml using Profasi hCG (Serono Laboratories, Ran- 
dolph, Mass.) as a standard. The bioactivity to immu- 


-= noactivity ratio of serum hCG from each patient was 


determined by comparison of the slope of the curve to 
that of the standard hCG curve. The intra- and inter- 
assay coefficients of variation of the bioactivity to im- 
munoactivity ratio were 19% and 21%, respectively. 
The mouse bioassay was conducted in accordance with 


the guidelines outlined in the JOURNAL and with per- 


mission of the University of California, San Francisco 
Committee on Anitnal Research. 

Calculation of the rate of change of hCG. The rate 
of change of hCG was determined from the slope of 
the curve generated by plotting hCG concentration ver- 
sus date and time of serial blood samples drawn at 2- 
tó 3-day intervals. The rate of change was expressed 
as the number of hCG doublings per day, which is the 
reciprocal of the doubling time. By so expressing the 


rate of change, a continuum of negative-to-positive 


changes could be plotted, representing decreasing 
and increasing hCG concentrations, respectively. This 
method of expressing the rate of change rather than 
as the doubling time avoids the discontinuity in the plot 
that would otherwise occur for the situation when there 
is no change in hCG concentration. | 

Statistics. Differences between patient groups were 
assessed with the two-tailed, unpaired Student ¢ test, 
with p <0.05 indicating significance. 


Results 
` The rate of change of hCG is expressed as the num- 
ber of hCG doublings per-day, which is the reciprocal 
of the doubling time. In agreement with previously 
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hCG doublings/day 
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Fig. 1. Number of hCG doublings per day for individual samples from ectopic pregnancies (EP, ®), 
normal intrauterine pregnancies (IUP, ©), and spontaneous abortions (SAB, A). Means for each 
group are indicated by horizontal bars. Mean rate for ectopic pregnancies was significantly less than 
that for intrauterine pregnancies (p <0.05, by Student ¢ test). 


published results, the rate of change of hCG was sig- 
nificantly lower in ectopic pregnancies than that in nor- 
mal intrauterine pregnancies (0.07 + 0.03 hCG dou- 
blings per day vs 0.56 + 0.04 hCG doublings per day, 


p <0.05) with an intermediate rate determined for. 


spontaneous abortions (0.21 + 0.07 hCG doublings per 
day). The rates for individual samples are displayed in 
Fig. 1 and it is seen that samples from intrauterine 
pregnancies, spontaneous abortions, and ectopic preg- 
nancies have overlapping values. Of ectopic pregnan- 
cies, 5/35 had a number of hCG doublings per day that 
equaled or exceeded the lowest rate observed in a nor- 
mal intrauterine pregnancy (0.24 hCG doublings per 
day). Half the spontaneous abortions also had rates 
approximating those of the normal pregnancies. 

Mean progesterone values were also significantly 
lower in ectopic pregnancies than in intrauterine preg- 
nancies (10.5 + 1.2 vs 29.2 + 2.4 ng/ml, p <0.05) and 
again were intermediate in spontaneous abortions (17.2 
+ 3.1 ng/ml). It is apparent from Fig. 2 that there was 
considerable overlap among individual samples from 
intrauterine pregnancies, spontaneous abortions, and 
ectopic pregnancies. With various progesterone cutoff 
levels, 9/35 ectopic pregnancies had progesterone 
levels >15 ng/ml, a level that all normal intrauterine 
pregnancies exceeded, whereas 6/35 ectopic pregnan- 
cies had progesterone levels >20 ng/ml compared with 
16/21 normal intrauterine pregnancies. For pregnan- 
cies resulting in spontaneous abortions, 8/14 had pro- 
gesterone levels <20 ng/ml and 5/14 had progesterone 
levels <15 ng/ml. 

The progesterone levels for individual patients were 


correlated significantly with an increasing number of 
hCG doublings per day in ectopic pregnancies (r = 
0.64) and for all pregnancies (r = 0.70) as shown in 
Fig. 3. In contrast, there was no correlation between 
progesterone levels for individual patients and the ab- 
solute level of hCG for all pregnancies (r = 0.02). If 
we consider only those pregnancies in which serum 
samples were obtained at <7 weeks’ gestation (i.e., be- 
fore the luteoplacental transition begins), the correla- 
tion between progesterone levels and hCG doublings 
remains high for ectopic pregnancies (r = 0.78, n = 
20) and for all pregnancies (r = 0.67, n = 52). Thus 
our findings do not appear to be skewed by placental 
steroidogenesis. 

The mean bioactivity to immunoactivity ratio was not 
different among 12 ectopic pregnancies and 12 normal 
intrauterine pregnancies (9.2 + 0.8 vs 7.7 + 1.3, p 
>Q.1) (Table I). Likewise, when the bioactivity was con- 
sidered per volume of serum, there was no correlation 
with the rate of change of hCG for either ectopic preg- 


nancies alone (r = -—0.17) or for ectopic pregnancies 
and intrauterine pregnancies (r = — 0.18). 
Comment 


Corpus luteum function is required to maintain the 
early pregnancy until the luteoplacentel shift begins at 
approximately 7 weeks’ gestation.’ Administration of 
hCG to nonpregnant women during the luteal phase 
stimulates corpus luteum activity** and prolongs its life 
span.° The role of hCG is unclear because there is no 
simple dose-response relationship. Possibilities include 
a requirement for the presence of an appropriate rate 
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levels overwhelmingly reflect the activity of the corpus 
luteum.’ This correlation is not surprising in light of 
the lower progesterone levels in ectopic pregnan- 
cies’ | and the lower rate of change of hCG in ectopic 
pregnancies” compared with normal intrauterine preg- 
nancies. The possibility that another factor is involved 
in corpus luteum regulation can be excluded to a large 
extent by the following argument. If another factor 
were important in corpus luteum regulation, then it 
must be correlated with the rate of change of hCG, so 
that sera from patients with more rapidly increasing 
hCG should produce a greater response per volume of 
serum in the bioassay. However, no such correlation 
exists. Our bioassay was a heterologous system that used 
the mouse uterus. It is conceivable, albeit unlikely, that 
a factor other than hCG might exist that 1s functional 
in human beings, but not in the mouse. Except for this 
caveat, ccrpus luteum function is primarily regulated 
by the rate of change of hCG production. 

Dependency of corpus luteum activity on the rate of 
change oz hCG, rather than on its absolute concentra- 
tion, explains why normal early intrauterine pregnan- 
cies of different ages and widely different hCG con- 
centrations, but all with rapidly increasing hCG levels, 
have similar progesterone levels. The dependency of 
corpus luteum activity on the rate of change of hCG 
also explains why ectopic pregnancies and spontaneous 
abortions often have lower progesterone levels than 
normal intrauterine pregnancies, as the former gen- 
erally have less rapidly increasing hCG levels. Depen- 
dency on the rate of change of hCG also explains why 
there is only limited prolongation of corpus luteum life 
span in ronpregnant women after chronic administra- 
tion of a constant dose of hCG.’ In the monkey, chronic 
administration of a constant dose of hCG also results 
in only limited prolongation of the corpus luteum.” 
However, it has been found that corpus luteum life span 
can be extensively prolonged by continuously increas- 
ing the hCG dose in the early luteal phase.” 

The mechanism by which the rate of hCG presen- 
tation regulates corpus luteum function may involve 
the number and percentage of bound luteinizing hor- 
mone/hCG receptors on the corpus luteum. In early 
human pregnancy, the number of unbound luteinizing 
hormone/hCG receptors is low and increases in the first 
trimester.” This low number of unbound receptors is 
a result of a high receptor occupancy rate** rather 
than a result of down regulation in the total number 
of receptors.” In persistently stimulated monkey cor- 
pus luteum likewise, both the number of occupied 
receptors and total number of receptors increases, 
whereas the number of unoccupied sites remains un- 
changec.** We propose that in the first 2 weeks’ ges- 
tation, the percentage of ligand-bound receptors on the 
corpus luteum increases from a very small percentage 
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' Table I. Bioactivity/tmmunoactivity ratio in 


ectopic pregnancies and normal 
intrauterine pregnancies 


Sample Ratio 

Ectopic pregnancy 12 9.2 + 0.8 

Normal intrauterine 12 7.7 £1.3 
pregnancy 


*Bioactivity/immunoactivity ratio values are expressed as 
the mean + SE. The difference between the means was not 


significant (p > 0.1, by the Student ¢ test). 


to a percentage at which maximal stimulation is 
achieved and that the number of these receptors in- 
creases as a result of corpus luteum growth and 
maturation. An increasing number of luteinizing hor- 
mone/hCG receptors on the corpus luteum cells would 
require that hCG concentrations increase at a sufficient 
rate to maintain optimal receptor occupancy. By this 
mechanism, maximal corpus luteum stimulation would 
be achieved only when hCG production increased com- 
mensurately with the number of receptors. 

In ectopic pregnancies, the lower progesterone levels 
could result solely from a decreased rate of change of 
hCG, or could be partly a result of decreased biopo- 
tency of hCG or the lack of another factor. As argued 
previously, it is doubtful that there is another factor 
that is lacking. Reduced biopotency of the hCG mole- 
cule in ectopic pregnancies compared with that in nor- 
mal intrauterine pregnancies has not been found in 
either heterologous (mouse Leydig cell) in vitro bioas- 
says, °° or in homologous (human granulosa cell) 
in vitro bioassays (Kratzer, Rabinovici, and Taylor, un- 
published results), ‘The absence of a difference in these 
in vitro bioassays suggested that altered glycosylation 
of hCG does not explain the impaired corpus luteum 
function in ectopic pregnancies. Our in vivo bioassay 
could have detected additional modifications of hCG 
molecules, such as sialylation, that would affect its half- 
life. The lack of a difference in hCG bioactivity between 
ectopic pregnancies and intrauterine pregnancies in 
our in vivo bioassay therefore mitigates against post- 
translational modifications of hCG in ectopic pregnan- 
cies such as glycosylation and sialylation. Therefore in 
ectopic pregnancies impaired hCG production by the 
abnormally implanted trophoblast appears to be pri- 
marily responsible for the inability of the corpus luteum 
to maintain optimal function. 

Ectopic pregnancies are increasing in frequency and 
represent a potential threat to the mother’s life and 
future fertility.” Classically, surgery has been used for 
the diagnosis and treatment of ectopic pregnancies first 
seen in an acute condition, whereas protocols that in- 
volve serial hCG determinations and ultrasonographic 
evaluation have been used in the diagnosis of those first 
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seen in a subacute condition. Recently, the use of single 
progesterone values has been advocated to screen for 
ectopic pregnancies with progesterone cutoffs of 20 
ng/ml,’° 15 ng/ml,’** 10 ng/ml,” or 6.5 ng/ml.” It 
was further recommended that patients with proges- 
terone levels below these cutoffs should undergo uter- 
ine curettage for a presumed abnormal pregnancy, and 
if no villi were found in the curettings.that laparoscopy 
or methotrexate therapy be instituted.’*'? On the basis 
of the findings reported here, we discourage the use 
of single progesterone levels to screen for ectopic preg- 
nancies because a considerable number of ectopic preg- 
nancies would be missed and these would still need to 
be followed by serial hCG levels with the current pro- 
tocols. Moreover, the possibility of inadvertently mis- 
taking an early, normal intrauterine pregnancy with a 
low progesterone value for an abnormal pregnancy, 
and consequently terminating such a pregnancy, is dis- 
concerting. To avoid this type of error, the cutoff would 
have to be set so low that screening with progesterone 
would identify too few ectopic pregnancies to be of 
value. 


We thank Dr. Scott Monroe and Mary Tono for their 
generous help with specimen collection and Carmelita 
Aquirre and Steven Zippin for their excellent technical 
assistance. 
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Hemoperitoneum as a result of coital injury without associated 


vaginal injury 


Sterling W. McColgin, MD,*” Lisa M. Williams, MD, Timothy L. Sorrells, MD, and 


John C. Morrison, MD” 
Travis Air Force Base, Cahfornia, and Jackson, Mississippi 


Hemoperitoneum as a result of coital injury without associated vaginal injury is an extremely rare entity, 
and evidenced by only five cases that have been reported in the medical literature to date. We report five 
additional cases encountered in two medical centers. Two of these’ were ruptured corpus luteum cysts, 
one was a laceration of the round ligament, another was a laceration of an ovary, and the fifth was rupture 
of a serous cystadenoma. This diagnosis should be considered in patients with hemoperitoneum after 


coitus. (Am J Osstet GYNECOL 1990;163:1503-5.) 


Key words: Hemoperitoneum, coital unjury, culdocentesis 


Since 1907, 232 cases of significant female coital in- 
juries were found in the medical literature." Of these, 
there were only five reported cases of hemoperitoneum 
caused by coital injury without associated vaginal injury. 
Five additional cases of this most unusual entity were 
diagnosed and treated by us. All of these additional 
patients had normal results of vaginal examination. 


Case reports 


A 31-year-old woman, para 3-0-0-3, had sudden on- 
set of lower abdominal pain during coitus on the eve- 
ning before admission. The pain had increased and by 
morning radiated to her back and shoulders. Her last 
menstrual period was 3 weeks before admission. She 
had undergone a postpartum tubal ligation with her 
last cesarean delivery. The serum human chorionic go- 
nadotropin level was normal. Abdominal examination 
revealed diffuse tenderness with mild bilateral rebound 
and normal bowel sounds. Pelvic examination revealed 
no trauma to the vagina; the uterus was of normal size 
with moderate bilateral adnexal tenderness. Culdocen- 
tesis produced 10 ml of nonclotting thin, bloody fluid. 
The diagnosis of ruptured follicular cyst was made. 
Vital signs were evaluated frequently, and serial he- 
mogleabin and hematocrit levels were determined. Be- 
cause of a decline in the hemoglobin from 11.2 to 8.7 
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gm/di, an exploratory laparotomy was performed. At 
exploration, a hemoperitoneum was encountered. The 
tubes, ovaries, and uterus were grossly normal except 
for evidence of the previous tubal ligation. No adhe- 
sions were noted. Further inspecticn revealed a 2 to 
3 cm laceration of the right round ligament with active 
arterial bleeding. Hemostasis was obtained with figure- 
of-eight sutures. After an uneventful postoperative 
course, she was discharged on the fifth postoperative 
day. 

A 30-year-old woman, para 0-1-4-1, presented to our 
emergency room with a 5-hour history of abdominal 
pain that started 3 hours after coitus and gradually 
worsened. Her last menstrual period was 3 weeks be- 
fore admission, and she was not using any contraceptive 
measures. Her history was significant for use of an in- 
trauterine contraceptive device, gonorrhea with sub- 
sequent pelvic inflammatory disease, and two previous 
cesarean sections. On evaluation, the patient was noted 
to have an acute abdomen and a negative serum preg- 
nancy test result. An exploratory laparotomy was per- 
formed with findings of 500 ml of blood intraabdom- 
inally and a 2.5 cm laceration on the right ovary. There 
was no evidence of adhesive disease or pelvic inflam- 
matory residual intraabdominally at the time of oper- 
ation. The laceration was repaired with interrupted su- 
tures. She was discharged on the fourth postoperative 
day without complications. 

Two hours after coitus, a 36-year-old woman pre- 
sented to our emergency room with the onset of sudden 
sharp and increasing abdominal pain radiating to the 
right shoulder. She had a tubal ligation in 1975 and a 
hysterectomy and appendectomy in 1981. On evalua- 
tion, she had a positive psoas sign and was believed to 
have an acute abdomen. An exploratory laparotomy 
was performed with findings of 1000 ml of blood in 
the abdomen and a 3 cm ruptured ovarian cyst that 
was adherent to the left pelvic sidewall. A left salpingo- 
oophorectomy was performed. Numerous bowel and 
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pelvic adhesions were noted intraoperatively and were 
lysed. Her postoperative course was complicated be- 
cause of chronic obstructive pulmonary disease and 
postoperative pneumonia. She was discharged on the 
eleventh postoperative day. Pathologic diagnosis of the 
ovary revealed a serous cystadenoma that had rup- 
tured. 

A 25-year-old woman, para 2-0-0-2, noted the onset 
of sudden suprapubic pain with radiation to the right 


lower quadrant and right shoulder during coitus. Dur- 


ing evaluation, a bulging cul-de-sac was noted and cul- 
docentesis resulted in 15 ml of nonclotting blood. She 
was orthostatic at the time of evaluation and immedi- 
ately given fluid for resuscitation and prepared for op- 
eration. She had never been hospitalized except for two 
spontaneous vaginal deliveries. An exploratory lapa- 
rotomy was performed and 350 ml of blood and blood 
clot was found in the abdomen. In addition, a bleeding 
corpus luteum cyst was noted at the distal pole of the 
left ovary. A wedge resection was performed and he- 
mostasis was ascertained. The other ovary was normal 
and there was no evidence of prior pelvic infection, 
adhesions, or endometriosis. She was discharged on the 


fourth postoperative day after an uneventful postop- 


erative course. 

A 24-year-old, nulliparous patient presented to the 
emergency room with bilateral lower quadrant pain. 
During coitus on the evening of admission, the patient 
noted a dull aching pain deep inside the pelvis and on 
withdrawal felt a severe pain “like a balloon inside 
bursting.” The pain continued to worsen with localiza- 
tion to the right lower quadrant. Previous surgery in- 
cluded a diagnostic laparoscopy for an infertility eval- 
uation with negative findings. Her history was also 
positive for severe dysmenorrhea. The patient was ad- 


mitted and underwent a diagnostic laparoscopy. An 
active bleeding site was seen on the right ovary, and at 


subsequent laparotomy a ruptured hemorrhagic cor- 
pus luteum cyst was wedged resected. The other ad- 
nexa and the uterus were normal, and there was no 
evidence of previous gynecologic disease. She was dis- 
charged on the fifth postoperative day after an uncom- 
plicated postoperative course. 


Comment 


The pelvic organs are well suited for intercourse and 
coital injuries are believed to be unusual. Until the end 
of the nineteenth century, it was doubted that lesions 
could occur at all during coitus that took place with the 
common consent of both parties." This premise was 
disproved by Neugebauer’ in 1895, who showed that 
the mere insertion of the penis during intercourse can 
cause lesions in all parts of the vulva and vagina, in- 
cluding the vault. 

Most reviews of coital trauma and discussions of the 
etiologic factors involved limit their discussions to va- 
ginal and perineal injuries. Reported predisposing fac- 
tors include (1) pregnancy—with the increased fria- 
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bility of the tissues and fixation of the genital tract 
coincident with gestation; (2) vigorous intercourse, 
which may cause increased intraabdominal pressure in 
the female partner and may tend to make the cul-de- 
sac tense and lessen the elasticity of the posterior fornix 
during deep penetration; (3) coital positions in which 
unusually deep penetration is experienced, such as the 
dorsal decubitus position with hyperflexion of the 
thighs and the sitting positions; (4) vaginismus, which 
may cause injury by shortening and narrowing of the 
vaginal tube; (5) genital disproportion, particularly in 
prepubertal girls and young women at first intercourse; 
(6) postmenopausal atrophy caused by increased fria- 
bility and shortening of the vagina; (7) genital opera- 
tions or injuries with disruption of the vaginal vault 
suture lines and/or shortening of the vagina; (8) uter- 
ine retroversion; and (9) rape.*® 1 

Lower vaginal injuries are more often seen in young 
women as a result of rape or first intercourse whereas 
tears of the vaginal vault are usually found in multip- 
arous women. Both of these injuries can be very severe 
and cause perforation, subsequent bleeding in the peri- 
toneal cavity, and even death.* 57 

Only five cases of hemoperitoneum without perfo- 
ration were found in the medical literature. Three of 
these were summarized by Engel’ and included two 
lacerations of the left broad ligament and a higher para- 
metrial laceration. Madej et al. reported the fourth 
case, which was associated with a rupture of a corpus 
luteum cyst. A case report of bleeding caused by ad- 
hesive disease after coitus was reported in this country 
in 1986.5 An interesting case of postcoital pneumo- 
peritoneum 2 months after abdominal hysterectomy 
has been reported by Apesos et al," 

Dickinson’? describes female genital injuries as being 
more common on the right because of dextrorotation 
of the uterus and an increased distensibility of the va- 
gina in this area. Indeed three of the five cases reported 
here involved injuries on the right. It is conceivable 
that a combination of pelvic adhesions and vigorous 
deep thrusting could cause the injuries reported, but 
adhesions were present in only one of five patients re- 
ported on in this series. The cause of these other in- 
juries remains obscure. In our cases no_ patient could 
recall any trauma during coitus that might have ac- 
counted for these intraabdominal injuries. Neverthe- 
less practitioners should have a high index of suspicion 
of coital trauma even when examination of the vagina 
and external genitalia is unrevealing. While the inci- 
dence of postcoital bleeding from. ligament or ovarian 
damage may, in fact, be rare, it is likely that postcoital 
trauma resulting in hemoperitoneum in association 
with rupture of corpus luteum cysts, ectopic pregnan- 
cies, and other ovarian lesions has previously been un- 
derreported. 
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Postmortem chorionic villus sampling is a better method for 


cytogenetic evaluation of early fetal loss than culture of 


abortus material 


Mark Paul Johnson, MD, Arie Drugan, MD, Frederick C. Koppitch III, MS, 


Wendy R. Uhlmann, MS, and Mark I. Evans, MD 
Detrouw, Michigan 


in utero crorionic villus sampling at the time of diagnosis of intrauterine fetal death is compared with more 
traditional use of cultured fetal skin, products of conception, or amniocentesis. A total of 102 specimens 
fram early fetal losses were evaluated for success in karyotyping and chromosomal results. We found 
postmorten chorionic villus sampling is technically possible, offers the highest likelihood of getting a 
cytogenetic result, and is a rapid, reliable, and safe technique. The extraembryonic component of 
intrauterine fetal deaths appears to remain viable and continues to grow jong after the embryo has died. 
Samples obtained at the time of diagnosis of fetal death offer the greatest changes of successfully 
obtaining a karyotype. The incidence of chromosome abnormalities associated with fetal loss, particularly 
trisomies, is higher than previous data suggested. (Am J OpsteT GYNECOL 1990;163:1505-10.) 


Key words: Abortion, pregnancy loss, chorionic villus sampling, amniocentesis 


The cegree of embryonic and fetal wastage in human 
beings has been found to be high. Several studies have 
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suggested that 50% to 80% of fertilized ova are lost 
before reaching the second trimester. Chromosomal 
abnormalities are a significant factor in fetal loss, and 
rates of occurrence vary. Hook et al.,' predicted that at 
least 5% of conceptions as early as 5 weeks could be 
expected to be karyotypically abnormal. Warburton 
et al.,* postulated that 10% to 50% of all human con- 
ceptions may have an identifiable chromosomal defect. 

Cytogenetic evaluation of embryonic or fetal loss has 
been hindered in the past by the poor success rate of 
obtaining viable cells for culture and successfully ob- 
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Table I. Reports studying spontaneous 
fetal losses 


Origin of Successfully karyotyped 
Reference specimens (%) 


Mueller et al.'® Fetal skin 47 

Ellis and Bain” Amnion 77 

Angell et al.” Amnion 69 

Saal et al.!® Amniocentesis 100 

Guerneri et Chorion villi 94 
al 


taining karyotyping. Successful karyotypes are ob- 
tained in spontaneously aborted tissues only approxi- 
mately 50% of the time.” Other tissue sources were used 
from spontaneous abortions with improved success 
(Table I). These data suggest that the extraembryonic 


compartment may remain viable for a period of time . 


after embryonic or fetal loss, and that those were the 
tissues that were most likely to be successfully cultured. 

Along with other prenatal centers, we have been frus- 
trated by the poor success rates in obtaining karyotypes 
in cases of fetal loss. Thus we began to try and herein 
report on the use of in utero chorionic villus sampling 
at the time of diagnosis of intrauterine fetal death as 
compared with the more traditional use of cultured 
fetal skin, products of conception, or amniocytes ob- 
tained by amniocentesis in cases of fetal loss. 


Material and methods 


Fetal karyotyping in 76 cases of fetal loss diagnosed 
by ultrasonographic visualization between 8 and 18 
weeks’ gestation was attempted between January 1987 
and September 1989. A total of 33 skin biopsy speci- 
mens were obtained, 19 from previously expelled spon- 
taneous abortions and 14 from fetal tissues obtained at 
the time of evacuation of intrauterine fetal deaths. 
Thirty-six specimens contained products of conception 
from which placenta and fetal membranes were cul- 
tured. All biopsy and products of conception specimens 
were placed into culture media immediately. All spec- 
imens from spontaneous abortion were obtained within 
1 hour after delivery, inasmuch as most occurred on 
route to or in the emergency room. Seven amniocen- 
tesis procedures were done at the time of diagnosis of 
intrauterine fetal death. 

From August 1988 to September 1989, 62 patients 
who had been referred to the Division of Reproductive 
Genetics at Hutzel Hospital were found to have intra- 
uterine fetal death during detailed ultrasonographic 
examination before planned chorionic villus sampling. 
All patients with intrauterine fetal deaths were offered 
transcervical chorionic villus sampling on an experi- 
mental basis to determine whether a chromosomal 
cause could account for the fetal death. Of the 62 pa- 
tients offered chorionic villus sampling on this basis, 
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23 (37.1%) chose to have the chorionic villus sampling 
performed. All attempts to obtain villi were successful 
by the transcervical approach, and yielded specimens 
ranging in size from 0.5 to 50.0 mg. 

Specimens were processed by either a direct method 
or a long-term culture method involving mincing the 
villi or tissue specimen and culturing in an open system 
with Chang medium (#T100-058, Irvine Scientific, 
Santa Ana, Calif.) in T-25 tissue culture flasks (#25100, 
Corning Glass Works, Corning, N.Y.). All specimens 
were carefully examined and cleaned under a dissect- 
ing microscope before culturing to minimize the risk 
of maternal cell contamination. The long-term explants 
were then grown out in monolayer and harvested in 
suspension after trypsinization. Slides were made at 
room temperature immediately from cells pelleted and 
resuspended in 3:1 methanol/acetic acid solution. 
Twenty cells were then analyzed and 5 karyotyped after 
QFQ and GTG banding. If the sample size was >5 mg, 
then culturing and a direct method for analysis of mi- 
totic figures were used. The direct method was under- 
taken on the basis of a modification of Simoni et al” 
that uses 1% sodium citrate as the hypotonic, an open 
system with Chang medium, and a 45% to 50% acetic 
acid solution for cell dispersion. Slides were all pre- 
pared with a gravity flow method as described by Bhatia 
et al.‘ No inconsistencies were noted between results 
obtained by the short- or long-term methods, and 
karyotypes reported herein reflect long-term culture 
results, 


Results 


Of the 19 skin biopsy specimens from spontaneous 
abortions, 12 (63.2%) failed to grow. The exact time 
between delivery and placement in culture was not 
available from records; therefore the relationship be- 
tween this variable and success in culturing could not 
be evaluated. Any specimen obtained more than | hour 
after expulsion was not included in this data. Seven 
successfully resulted in karyotypes of which four 
(57.1%) were normal and three (42.9%) were abnormal 
(69,XXY; 47,XY,+21; 47,XY,+21). In the 14 skin bi- 
opsy specimens obtained after evacuation of intrauter- 
ine fetal deaths, 12 failed to give results (95.7%) and 
the remaining two successfully karyotyped were ab- 
normal (45,X/47,XX + 21; 46,XX, + t21/21) (Table IJ). 

Cultures from products of conception were more 
successful; only 13 (36.1%) failed to give results. Of 
the remaining successfully karyotyped specimens 
18 (78.3%) had normal chromosomal complements, 
whereas five (21.7%) were abnormal (47,X XY; trisomy 
9, 13, 16, 21). 

Postmortem amniocentesis and postmorten chori- 
onic villus sampling were both found to be technically 
feasible. The seven amniocentesis cultures resulted in 
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Table II. Cytogenetic evaluation of intrauterine fetal loss 








Failure to grow 






Specimen 
Skin 
Spontaneous 19 12 63.2 4 
aborzion 
Intrauterine 14 12 95.7 None 
fetal death 
Products of con- 36 13 36.1 18 
ception 
Amniocentesis 7 4 57.2 2 
Chorionic villus 26 None None 2 
sampling i 
TOTAL 102 4} 40.2 26 


Table III. Maternal age, technique, and karyotype 


No, 
Total specimens 58 
All* 
Normal karyotype 25 
Abnormal karyotype 33 
Products of conception, 32 
total specimens 
Chorionic villus sampling, 23 
total specimens 
Chorionic villus sampling, 22 
abnormal karyotype 
Products of conception, 10 
abnormal karyotype 
Preducts of conception, 22 


normal karyotype 


Normal 


Chorionic villus sampling evaluation of pregnancy loss 1507 






Abnormal 


Karyotype 


57.1 3 42.9 69,XXY; 47,XY, +21; 
47, XY, +21 

None 2 100 45,X/47,XX,+21; 
46,XX+t(21/21) 

78.3 5 217 47, XXY; 
Trisomy 9, 13, 16, 21 

66.7 1 33.3 45,X 

7.7 24 92.3 See Table III 
43.5 35 56.5 





Mean 
maternal age 
(yr) Value 
34.55 + 5.50 — 
29,25 + 4.75 
36.67 +424 ST 0.0018 
31.25 + 4.71 
c 0.0008 
39.00 + 3.38 
37.79 + 3.43 
———— c 0.0214 
33,71 + 4.54 
09,0825 
29.33 + 4.09 


POC, Products of conception (includes all skin biopsy specimens). 


*Includes amniocentesis results. 


four (57.2%) growth failures, two (66.7%) normal 
karyotypes, and one (33.3%) abnormal 45,X karyotype. 
All 23 chorionic villus sampling specimens were suc- 
cessfully karyotyped, and 22/23 (95.7%) were abnor- 
mal, Abnormalities included one 69,XXX: one 
69,XXY; three 45,X; one 49,XX,+18,+21,+22: one 
46,XX,ti15ql4q),+17; and trisomies of chromosome 
13, 15 (x2), 16 (x3), 18, 20 (x2), 21 (x3), and 22 (x3). 

Overall, the rate of successful growth and karyotyp- 
ing of all embryonic death tissue was 58.6%. A total of 
56.9% of cases were chromosomally abnormal with 71% 
trisomies, 12.9% 45,X, 9.6% triploidy, 3.2% mosaics, 
and 3.2% with multiple trisomies. The remaining 
43.1% of cases had normal karyotypes. The mean ma- 
ternal ages for cases with a normal karyotype with the 
use of the combined data were 29.25 years old, and 
36.67 years old for the abnormal karyotype group 
(p = 0.0018) (Table HI). 

In al. cases of skin specimens and products of con- 


ception after uterine evacuation for missed abortion, 
the clinical history was that of growth retardation that 
led to further evaluation. No histories for recurrent 
spontaneous miscarriage or fetal losses were found. 
The mean maternal age of those cases with normal 
karyotypes in the skin biopsy specimen and products 
of conception group was 29.33 years, whereas that 
for the abnormal karyotype group was 33.71 years 
(p = NS). Unfortunately, in most of these cases the 
gestational age was not listed, but the range for those 
in which gestational age was given ranged from 16 to 
20 weeks. In the amniocentesis group the maternal ages 
for those with normal karyotypes were 30 and 21 years 
old at gestational ages of 19 and 16 weeks, respectively. 
The abnormal karyotype was from a 30-year-old 
woman at gestational week 14. 

Successful growth and karyotyping of chorionic villus 
sampling intrauterine fetal deaths was 100%, of which 
95.7% had abnormal chromosomal complements 
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Table IV. Postmortem chorionic villus sampling 


Maternal age | Gestational 
(yr)* age (wk)f Karyotype 


36 11 [46,XY] 
35 10 [46,XY] 

38 9 45X 

32 10 45X 

26 10 45X 

39 9.5  47,XX,+13 

40 10. 47,XX,+15 

42 10. 47,XX,+15 

38 11 47,XX,+16 

39 10 47,XX,+ 16 

39 Il 47,XY,+ 16 

36 10  47,XY,+16 

40 10  46,XX,„(13q,14q), +17 
42 10  47,XX,+18 

39 1L5  47,XX,+20 

4] 10  47,XY,+20 

37 9  47,XY,+21 

38 18 47,XX,+21 

39 10° 47,XX, +21 

37 10  47,XX,+22 

37 10 = 47,XX, +22 

40 10  47,XX,+22 

40 1 49,XX, + 18, +21, +22 
37 11 46,XY/47,XY, + 15/47,XY, +21 . 
36 ll 69,XXY 

35 10 69,XXX 


*Mean maternal age = 37.87 + 3.38 years. 
+Mean gestational age = 10.52 + 1.76 weeks. 


(Table IV). The rate of trisomy was 69.56%, 45,X 
13.0%, triploidy 8.7%, multiple trisomies 4.3%, and 
‘there were no mosaics detected. The most prevalent 
trisomies were of chromosome 16, 21, and 22 (13.0% 
overall, 18.8% of chorionic villus sampling trisomies), 
followed by chromosome 15 and 20 (8.7% overall, 
12.5% of chorionic villus sampling trisomies). The sin- 
gle normal result came from a 36-year-old woman at 
11 weeks’ gestation. The mean maternal age for the 
abnormal chorionic villus sampling group was 37.87 
years and mean gestational age was 10.52 weeks. 

The maternal ages of all patients in the skin biopsy 
specimen and products of conception group were sig- 
nificantly younger than all patients in the chorionic 
villus sampling group (p < 0.001). When the maternal 
ages were compared for only those with abnormal karyo- 
types in these groups, the skin biopsy specimen— 
products of conception group was again significantly 
younger (p = 0.0214). The maternal ages of all pa- 
tients with normal karyotypes (29.25 years) were also 
found to be younger when compared with all patients 
with abnormal karyotypes (36.67 years, p = 0.0018). 


Comment 


The high incidence of human fetal wastage is a chal- 
lenging and complex problem. With statistical model- 
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ing, Roberts and Lowe’ postulated a 78% loss rate of 
all human conceptions, most occurring even before the 
first missed menstrual period. With radioimmunoassay 
techniques for quantitative levels of 8-subunit human 
chorionic gonadotropin, Edmonds et al.° followed up 
118 pregnancies diagnosed on a biochemical basis pro- 
spectively and found 67 had elevated human chorionic 
gonadotropin levels without clinically obvious preg- 
nancy; six of the remaining 61 pregnant women had 
clinical abortions, for a postimplantation loss rate of 
62%. In a study of 34 early fertilized ova from 1 to 17 
days, Hertig and Rock’ found 13 had major abnor- 
malities. In an earlier study, Hertig and Sheldon® in a 
morphometric study of 1000 spontaneous abortions 
found 75% to have major malformations. Other patho- 
logic studies on abortuses by Mikano’ and by Miller and 
Poland” supported Hertig’s findings and showed the 
frequency of abnormalities was related to developmen- 
tal stage. In these studies, 90% to 100% of specimens 
showed malformations if pregnancy losses were within 
4 weeks after fertilization, and the frequency decreased 
when embryonic death occurred later in gestation. 

Such information encouraged the search for genetic 
causes of pregnancy loss. Kajii et al. studying elective 
terminations of pregnancy found a 4.5% incidence of 
chromosome abnormality in 469 successfully analyzed 
abortuses at 4 to 9 weeks’ gestation. Yamamoto and 
Watanabe” found a 6.4% incidence of chromosome ab- 
normalities in 1250 abortuses at 3 to 10 weeks’ gesta- 
tion. They further noted that the percentage was 
higher the earlier the developmental age of the embryo 
(9.3% at 3 to 4 weeks, 5.4% at 9 to 10 weeks). 
Warburton” noted that about 50% of chromosomally 
abnormal fetuses are lost between 8 to 15 weeks’ ges- 
tation, about 24% in the period 16 to 19 weeks, and 
about 12% of abnormal fetuses are subsequently lost 
after 20 weeks. 

In 62 patients scheduled to undergo routine prenatal 
testing, an intrauterine fetal death was diagnosed at the 
time of routine pretesting ultrasonographic examina- 
tion. In the 23 patients who elected to undergo cho- 
rionic villus sampling, the villi were easily obtained by 
transvaginal approach, readily grew in culture, and 
were easily karyotyped. No maternal medical compli- 
cations occurred as a result of this procedure. Karyo- 
type results were available in 4 to 7 days for chorionic 


_ villus sampling specimens in contrast with the usual 2 


to 3 weeks for skin, amniocentesis, or products of con- 
ception results. 

Only one of the 23 specimens gave a normal chro- 
mosomal karyotype. There are several explanations for 
this, with differences in maternal age most siginficant. 
When all skin specimens and products of conception 
cases are compared with ail chorionic villus sampling 
cases, the differences in maternal ages were signifi- 
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cant (skin—products of conception mean maternal 


age = 31.25 + 4.71 years; chorionic villus sampling = - 


37.79 + 3.38, p = 0.0018). When these data were cor- 
rected only for those with abnormal karyotypes (skin— 
products of conception = 33.71 + 4.54; chorionic vil- 
lus sampling = 37.87 + 3.43, p = 0.0214), the results 
were agcin found to be statistically significant. If 
the maternal ages of all cases with abnormal karyo- 
types are compared with all those with normal karyo- 
types, the difference is again significant (abnormal = 
36.76 + 4.24 years, normal = 29.25 + 4.75 years, p = 
0.0018). 

These findings are not unexpected on the basis of 
the increase in incidence of aneuploidy with advancing 
maternal age. In fact, 63.6% of the chorionic villus 
sampling specimens were trisomies. The most common 
trisomies were in agreement with Warburton’s” find- 
ings in which trisomy 16 was most prevalent, followed 
by trisomy 21 and 22 (each representing 13% of cho- 
rionic villus sampling abnormal karyotypes), followed 
by trisomy 15 and 20 (8.7%) and then by 13, 17, 18 
(4.3%). The 45,X complements were found in 13.6% 
and triploidy in 8.7%. Reportedly, 45,X is one of the 
most frequent chromosomal abnormalities found in 
early pregnancies, and yet only 13.6% of our chorionic 
villus sampling abnormal karyotypes had this chro- 
mosomal complement. Our data agree with other stud- 
ies that have likewise found a negative association be- 
tween incidence of 45,X karyotype and advancing ma- 
ternal age. 

Another possible explanation to the high incidence 
of abnormal chorionic villus sampling karyotypes could 
be the age at diagnosis. Fetal skin and products of con- 
ception specimens generally came from gestations of 
14 to 18 weeks, whereas the chorionic villus sampling 
specimens were obtained at 9 to 11 weeks’ gestation 
(mean = 10.52 + 1.76 weeks). As noted earlier, the 
earlier a loss occurs in gestation, the greater the like- 
lihood of an abnormal karyotype. 

Last, chromosomal mosaicism might play a role in 
length of survival of pregnancies. ‘Trophoblastic mo- 
saicism is not uncommon in chorionic villus sampling 
specimens, but the absence of such in our cases was 
somewhat a surprise. It has been suggested recently” 
that survivability of anomalous gestations may depend 
on the presence of mosaicism in the extraembryonic 
compartment. In a study of trisomy 18 gestations, they 
suggest that cases that had a large or totally normal 
diploid component to the extraembryonic compart- 
ment might be advantaged, survive longer into gesta- 
tion, and possibly represent the selective subset of 
anomalous pregnancies that survive to term. This con- 
cept might help explain the higher percentage of nor- 
mal karyotypes when amnion or trophoblast was sent 
from intrauterine fetal deaths diagnosed and evacuated 
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or miscarried later in gestation (as in our products of 
conception data). It may also determine when preg- 
nancy loss occurs, and undoubtedly reflects the impact 
of each chromosomal abnormality on the ongoing de- 
velopment and differentiation of that particular ges- 
tation. This is likely why some chromosome anomalies 
are never seen in recognized pregnancies, and probably 
leads to developmental arrest very early in pregnancy. 
Those chromosome abnormalities (1.e., trisomy 16, 21, 
and 22), which occur more frequently in recognized 
pregnancy loss, probably represent a lesser impact 
on genomically directed embryogenesis and develop- 
ment, allowing more advanced gestational ages to be 
achieved. We believe that chorionic villus sampling 
done at the time of diagnosis of an intrauterine fetal 
death offers the greatest chance of obtaining a karyo- 
type of that gestation. If such an approach is not pos- 
sible, then a specimen that comprises chorionic villi and 
adjacent membranes (chorion frondosum) obtained 
temporally as close as possible to the time of diagnosis 
may represent a reasonable alternative. 
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Detection of congenital toxoplasmosis by chorionic villus 
sampling and early amniocentesis 


Walter Foulon, MD,* Anne Naessens, MD,” Luc de Catte, MD,* and Jean-Jacques Amy, MD* 


Brussels, Belgium 


We describe a strategy used in this case to detect congenital toxoplasmosis early in pregnancy. 
Combination of chorionic villus sampling and early amniocentesis with an in vitro cell culture technique 
makes prenatal diagnosis of congenital toxoplasmosis possible from the end of the first trimester of 


pregnancy. (Am J OBsTET GYNECOL 1990;163:1511-3.) 


Key words: Congenital toxoplasmosis, early prenatal diagnosis 


Recently the use of cordocentesis for detection of 
congenital toxoplasmosis in the second trimester of 
pregnancy’ was described. Diagnosis of congenital 
toxoplasmosis is made on the basis of the presence of 
specific immunoglobulin M (IgM) antibodies and the 
isolation of tne parasite by means of mouse inoculation. 
Moreover, elevated liver enzymes, low platelet counts, 
and elevated eosinophils in fetal blood are aspecific 
markers indicative of fetal infection. Although the pro- 
cedure of fetal blood sampling is relatively safe it can 
only be offered from week 19 onward. When serocon- 
version occurs early in pregnancy or in cases of high 
initial antibody level in the first trimester of pregnancy 
one must wait until the moment of fetal blood sampling 
to know the results of the aspecific indexes of congenital 
toxoplasmosis. The results of the mouse inoculation test 
are only available after 4 to 5 weeks. Therefore it seems 
important to develop an earlier and accurate prenatal 
diagnosis to reduce the anxiety inherent to the long 
period of waiting. Moreover, early detection enables 
termination of the pregnancy or the start of treatment 
with pyrimethamine and sulfadiazine in cases of proved 
congenital toxoplasmosis at a much earlier stage. 


Case report 


A 26-year-old woman was initially seen at 8 weeks’ 
gestation. During routine serologic screening high 
levels of antibodies against Toxoplasma gondii were 
found. The titer of the Sabin-Feldman dye test was 
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1/4000, that of the complement fixation test was 1/16, 
and that of the specific IgM was 1/80. Ultrasonographic 
examination showed a conceptus with a heart beat and 
a crown-rump length of 18 mm. The patient was in- 
formed of the risk of giving birth to a congenitally 
infected infant and consented to a prenatal diagnosis 
at 19 weeks’ gestation. Treatment with spiramycin (Ro- 
vamycine, Rhéne-Poulenc, Paris) 3 gm daily was started 
from week 9 onward. 

A second ultrasonographic scan at 14 weeks’ gesta- 
tion revealed the fetus had died. Before terminating 
the pregnancy a transabdominal chorionic villus sam- 
pling was performed. Ten milligrams of pure placental 
tissue was aspirated. Amniotic fluid samples were taken 
immediately thereafter. The chorionic tissue and 3 ml 
amniotic fluid were used for in vitro culture of Toxo- 
plasma gondii on fibroblasts.* A second aliquot of 3 ml 
of amniotic fluid was inoculated into mice and the re- 
maining 20 ml was cultured for determination of the 
fetal karyotype. The pregnancy was terminated by ex- 
traamniotic administration of prostaglandin. The pa- 
tient expelled a dead fetus without signs of malfor- 
mation. Fragments of placenta, fetal brain, liver, and 
lung were processed for detection of toxoplasma by 
tissue culture method’ and by means of animal inoc- 
ulation. 

Toxoplasma gondii was identified by tissue culture in 
the chorionic villus sample (Fig. 1), the placenta, fetal 
brain, liver, lung, and amniotic fluid after 5 days. The 
parasite was also isolated after 5 weeks from mice in- 
oculated with amniotic fluid, placenta, fetal brain, and 
lung. Mouse inoculation of fetal liver remained nega- 
tive. A chorionic villus sample was not available for 
mouse inoculation. Histologic examination showed 
toxoplasma cysts in the fetal brain and placenta. The 
fetal karyotype was found to be 46,XY and normal. 


Comment 


An infection with Toxoplasma gondii during preg- 
nancy may result in congenital disease. Approximately 
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Fig. 1. In vitro cell culture of Toxoplasma gondu: Microscopic view of parasite after coloration with 


monoclonal antibody. 


20% of actively infected women before 20 weeks’ ges- 
tation transmit the parasite to their fetus.’ Prenatal in- 
vestigation should be limited to patients in whom sero- 
conversion occurs during pregnancy or in women with 
high initial antibody levels suggestive of recent toxo- 
plasmosis. Presence of IgM antibodies is not necessarily 
indicative of recent maternal infection. IgM activity can 
occasionally persist for some years after a toxoplasma 
infection or nonspecific reactions may occur. Moreover, 
some patients may exhibit naturally occurring IgM an- 


tibodies. Therefore one must be familiar with the in- 


terpretation of the toxoplasma serology in selection of 


a population at risk of having a congenitally infected 
fetus. 

Prenatal diagnosis of congenital toxoplasmosis by 
means of cordocentesis is an important step forward in 
the management of toxoplasma infection during preg- 
nancy. Nevertheless interpretation of the nonspecific 
tests is not always easy because of their low positive 
predictive value.' Specific signs of congenital toxoplas- 
mosis, namely IgM antibodies, are found in only 21% 


of affected fetuses! and the result of the inoculation of 


amniotic fluid and fetal blood into mice takes 4 or 5 
weeks. This means that the definitive result may not be 


known until 25 weeks’ gestation. 


The case we described illustrates that chorionic tissue 
culture and small amniotic fluid samples taken early in 
gestation can be used for the detection of congenital 
toxoplasmosis. Small placental biopsy specimens (10 mg 
of chorionic tissue) and 3 ml of amniotic fluid are ap- 
parently sufficient to detect the parasite in utero. Al- 
though a positive placenta culture is not always asso- 
ciated with fetal infection there is a close correlation 
between positive isolations and congenital infection. 
The positive predictive value of a positive placenta cul- 
ture is at least 95%.* Combination of chorionic villus 
sampling and early amniocentesis with an in vitro cell 
culture technique makes prenatal detection of congen- 
ital toxoplasmosis theoretically possible at the end of 
the first trimester of pregnancy. It must be said that in 
this case the toxoplasma infection was overwhelming, 
leading to fetal death. It remains to be proved that 
chorionic villus sampling and early amniocentesis are 
as reliable as cordocentesis in the detection of congen- 
ital toxoplasmosis. Therefore chorionic villus sampling 
and early amniocentesis should not replace cordocen- 
tesis but rather should be used in association with cor- 
docentesis until more is known about the sensitivity and 
specificity of diagnostic methods that use these tech- 


niques. 
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The “stuck twin” phenomenon: Ultrasonographic 


findings, pregnancy outcome, and management with 


serial ammniocenteses 


Barry S. Mahony, MD, Charles N. Petty, MD, David A. Nyberg, MD, David A. Luthy, MD, 


Durlin E. Hickok, MD, and Jack H. Hirsch, MD 
Seattle, Washington 


Thirteen consecutive twin pregnancies affected by the “stuck twin” phenomenon were reviewed to 
determine the potential benefit of serial amniocenteses. The fetal survival rate for the eight pregnancies 
that underwent serial amniocenteses was 69% (11 of 16 fetuses). This is significantly improved compared 
with a fetal survival rate of 20% among the five preceding pregnancies managed without serial 
amniocenteses at the same institution (p = 0.01). It is also markedly improved compared with a combined 
fetal survival rate of 16% among 48 previously reported pregnancies with the stuck twin phenomenon 
managed without serial amniocenteses (p < 0.0001). Survival correlated with the absence of concomitant 
pregnancy complications (i.e., maternal hypertension or intractable labor) and with the absence of severe 
fetal structural abnormalities. Procedural complications occurred in three of eight pregnancies (37.5%) 
managed with serial amniocenteses and was attributed as a cause of fetal death in one case. Two of 11 
survivors (18%) had complications after serial amniocenteses including brain infarction and renal tubular 
necrosis. Serial amniocenteses may significantly improve the survival rate of twin gestations affected by 
the stuck twin phenomenon but may be associated with complications among survivors. (AM J OBSTET 


GYNECOL 1990;163:1513-22.) 


Key words: I wins, stuck twins, polyhydramnios, oligohydramnios, serial amniocenteses 


The “stuck twin” phenomenon has been described 
as a diamniotic pregnancy in which one fetus resides 
against the uterine wall in a severely oligohydramniotic 
sac and the co-twin is in a severely polyhydramniotic 
sac.' It complicates up to 8% of twin pregnancies and 
35% of monochorionic diamnionic gestations, although 
it can also occur in dichorionic and even dizygotic preg- 
nancies.*' Some, perhaps most, cases appear to result 
from the twin transfusion syndrome, but this is not 
universally present in the stuck twin phenomenon. The 
severe disparity of amniotic fluid volume signals a dis- 
mal prognosis for both twins with most reports indi- 
cating a survival rate of <20%.'* >’ Premature labor 
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develops in almost all cases, probably secondary to uter- 
ine distension.° 

The extremely high mortality rate for these fetuses 
has stimulated a variety of proposed therapies includ- 
ing selective feticide,* ë hysterotomy for umbilical cord 
ligation of one twin,’ bloodletting from a placental ves- 
sel,'® laser coagulation of placental anastomotic vessels, 
and serial amniocenteses.** '°*! However, no compar- 
ison studies have been reported to indicate the utility 
of these management options. 

This article describes our experience with regard to 
serial therapeutic amniocenteses in eight consecutive 
pregnancies affected by the stuck twin phenomenon 
and compares the fetal survival rate in these eight preg- 
nancies with the fetal survival rate of the previous five 
affected pregnancies managed at our institution with- 
out serial amniocenteses. These results are also com- 
pared with prior reports of the stuck twin phenomenon 
managed with or without serial amniocenteses. 


1513 


——— e —- 7 


1514 Mahony et al. 


November 1990 
Am ] Obstet Gynecol 





Fig. 1. Dual-image longitudinal ultrasonogram at 19.5 weeks’ gestation shows stuck twin adjacent 


to anterior uterine wall (case 7). Although amnion separating the two fetuses is not apparent on 


this scan, its presence adjacent to stuck twin is inferred by relative fixation of this twin in nonde- 
pendent position. Co-twin is in polyhydramniotic sac (additional scans showed a 13 cm vertical pocket 
of amniotic fluid). ST, Stuck twin; P, polyhydramnios; CT, co-twin in polyhydramniotic cavity. 


Material and methods 


Seventeen pregnancies with the stuck twin phenom- 
enon were evaluated at this institution between January 
1986 and June 1989. Four of these underwent elective 
second-trimester termination of pregnancy. The re- 
maining 13 pregnancies were managed at this institu- 
tion and form the basis for this report. In each case, 
tocolysis was provided as necessary with indomethacin, 
magnesium sulfate, or ritodrine. Patients were man- 
aged on an inpatient basis for preterm labor but were 
otherwise managed as outpatients. From 1986 through 
1987 five of the pregnancies were managed without 
serial amniocenteses. The subsequent eight pregnan- 
cies from January 1988 through June 1989 were man- 
aged with serial amniocenteses. 

In each case, one twin (the stuck twin) remained rel- 
atively fixed in position adjacent to the uterine wall even 
with changes in maternal position (Fig. 1). Small por- 
tions of the thin separating membrane were visible ad- 
jacent to the fetus, indicating that the fetus was in a 
severely oligohydramniotic sac of a diamniotic preg- 
nancy (Fig. 2). The co-twin was in a moderately-to- 
severely polyhydramniotic sac in each case. We defined 
moderate-to-severe polyhydramnios as when the larg- 
est vertical pocket of amniotic fluid measured >12 cm 


by ultrasonography.” No structural abnormalities were 
evident on the initial ultrasonographic examination of 
each of the stuck twins, but two of the polyhydramniotic 
twins had sonographically detectable structural abnor- 
malities (one case of esophageal atresia and one case of 
congenital heart disease). 

Among pregnancies managed with serial amniocen- 
teses, the amniocenteses were begun at the time of the 
initial diagnosis after detailed counseling regarding op- 
tions and potential complications. Amniotic fluid was 
removed from the polyhydramniotic sac over a period 
of 45 to 90 minutes under continual ultrasonographic 
guidance with a 21 or 22 gm Hakko needle attached 
to acollecting tube. Fluid was removed until the volume 
of fluid in the polyhydramniotic sac was judged to be 
normal by ultrasonography (largest vertical pocket of 
amniotic fluid <7 cm).** After the initial amniocentesis 
was performed, this procedure was repeated when 
the ultrasonogram showed that the amniotic fluid had 
reaccumulated to moderate-to-severe levels of poly- 
hydramnios. 

We compared the fetal survival rate for the eight 
pregnancies in this series managed with serial amnio- 
centeses with the fetal survival rate of the preceding 
five pregnancies managed at this institution without 
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Fig. 2. Cross-section ultrasonogram of abdomen of stuck twin at 16 weeks’ gestation shows small 


portion of amnion as it sweeps off fetus and approaches uterine wall. This indicates that fetus is in 


severely oligohydramniotic sac (case 8). Additional scans showed co-twin in polyhydramniouc cavity. 


Arrows, Amnion separating the stuck twin from the polyhydramniotic twin; open arrow, fetal spine; 


P, polyhydramnios. 


serial amniocenteses. We also reviewed previous pub- 
lished reports of twin pregnancies managed with am- 
niocenteses (n = 21) or without amniocenteses (n = 


48). Statistical analysis was performed with the Fisher 


two-tailed exact test. 


Results 


Table I summarizes the clinical data, medical man- 
agement, and outcome for the 13 pregnancies with the 
stuck twin phenomenon managed at this institution 
since 1986. Two of the 10 (20%) fetuses managed with- 
out amniocenteses survived including none of the stuck 
twins in the oligohydramniotic sac. One survivor oc- 
curred in a pregnancy in which its stuck co-twin died 
at 19 weeks’ gestation (case 3). The pregnancy pro- 
gressed to term without further complications and re- 
sulted in a normal neonate who remains well at 30 
months. The other survivor in this set of pregnancies 
was delivered at 27 weeks’ gestation because of intract- 
able labor; at 29 months this survivor has chronic ob- 
structive pulmonary disease and hypotonic cerebral 
palsy related to the extreme prematurity (case 5). 

Eleven of the 16 fetuses (69%) managed with serial 


amniocenteses survived. Fetal death of one twin pair 


occurred at 24.5 weeks as a result of intractable pre- 


mature labor and spontaneous rupture of membranes 
(case 13). Another twin pair died during the neonatal 
period after a pregnancy complicated by abruptio pla- 
centae at 2] weeks, severe maternal hypertension at 31 
to 32 weeks, and congenital heart disease of the poly- 
hydramniotic twin (case 12). One fetal death was at- 
tributed to a true cord knot that developed after serial 
amniocenteses (case 1i). Two of the 11 (18%) survivors, 
both in an oligohydramniotic sac, had complications 
including brain infarction (cases 6 and 7; Fig. 3) and 
renal tubular necrosis (case 6; Fig. 4). One twin in a 
polyhydramniotic sac had moderate transient cardio- 
myopathy that occurred after 5 weeks of severe hy- 
drops fetalis (case 10). Intracranial hemorrhage oc- 
curred in two neonates after premature delivery at 30 
to 32.5 weeks (cases 7 and 10). 

The maternal age and gestational age at the time of 
initial diagnosis was similar for pregnancies managed 
with and without serial amniocenteses. However, the 
gestational age at delivery was greater for the eight 
pregnancies managed with serial amniocenteses (me- 
dian, 31 to 32 weeks; mean, 31.4 weeks) than for the 
preceding five pregnancies managed without amnio- 
centeses (median, 25 weeks; mean, 26.6 weeks). Four 
of five pregnancies managed without serial amniocen- 
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Table I. Clinical data, medical management, and outcome of 13 pregnancies with the stuck twin 
phenomenon managed with or without serial amniocenteses 










Gestational 
age at 
delivery 


Gestational 
age at 
diagnosis 











Maternal 
age (yr) 








Tocolysis 


1986 to 1987 (No serial amniocenteses) 


l 34 17.5 + 19 
2 33 23.5 + 24 

3 25 23 — 38 
4 30 24.5 + 25 

5 18 18 + 27 

1988 to 1989 (Serial amniocenteses) 

6 26 22 + 33 

7 35 17.5 + 30 
8 4] 16 — 38 
9 32 28.5 + 31 
10 30 20 + $25 
1] 22 26 + 30 
12 25 20.5 + 32 
13 26 19 + 24.5 





Birth weight Barth weight 
(gm) Outcome (gm) 













Stuck twin Polyhydramniotic twin 


Outcome 





145 Death 220 Death 
410 Death 490 Death 
— Death 2667 Alive and well 
at 30 mo 
750 Death 920 Death 
670 Death 870 Hypotonic ce- 
rebral palsy; 
COPD at 29 
mo 
1220 Brain in- 1950 Alive and well 
farcts; at 15 mo 
CRF; DD 
at 15 mo 
1460 Brain in- 1410 Neonatal ICH; 
farcts; DD slight DD at 
at 14 mo 14 mo 
2295 Alive and 2341 Alive and well 
well at 9 at 9 mo 
mo 
1550 Alive and 1120 TEF; alive and 
well at 5 well at 5 mo 
mo 
1392 Neonatal 1673 Resolved car- 
ICH; mild diomyopa- 
hydro- thy; alive and 
cephalus at well at 3 mo 
3 mo 
700 Death (true 1500 Alive and well 
cord knot) at 14 mo 
840 Death 2700 Death; hypo- 
plastic left 
heart 
359 Death 440 Death 





COPD, Chronic obstructive pulmonary disease; CRF, chronic renal failure (stable creatinine of 2 mg/dl); TEF, tracheoesophageal 
fistula with esophageal atresia (surgically repaired); /CH, intracranial hemorrhage; DD, developmental delay. 


teses developed preterm labor and each of these was 
delivered before 27 weeks; one of these pregnancies 
progressed to term without tocolysis. Preterm labor de- 
veloped in five of the eight pregnancies managed with 
serial amniocenteses and one pregnancy progressed to 
term without tocolysis. 

Table II shows the prenatal data regarding the eight 
pregnancies managed with serial amniocenteses. The 
reaccumulation of amniotic fluid did not follow a dis- 
cernable pattern and the intervals between amniocen- 
teses varied markedly from case to case as well as within 
individual pregnancies. Procedural complications re- 
lated to amniocenteses occurred in three of eight (37%) 
pregnancies and three of 28 (11%) serial amniocente- 
ses. They included chorioamniotic separation (case 7), 
abruptio placentae (case 12), and rupture of the amnion 
(case 11). Rupture of the amnion with a subsequent 


true cord knot was attributed as a cause of one fetal 
death (case 11). 

The fetal survival rate of 69% for the eight preg- 
nancies managed with serial amniocenteses is signifi- 
cantly improved compared with a fetal survival rate 
of 20% for the five prior affected pregnancies man- 
aged without serial amniocenteses at this institution 
(p = 0.01). It is also markedly improved compared 
with the combined fetal survival rate of 15.6% in 48 
previously reported affected pregnancies not managed 


The fetal survival rate for the current series of 
pregnancies managed with serial amniocenteses is not 
significantly different from the combined fetal sur- 
vival rate of 64% from previous reports of 21 twin 
pregnancies managed with serial amniocenteses (p > 
0.05; Table III).** '°*' Although the lack of prenatal 
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Fig. 3. Neonatal coronal head ultrasonogram (A) and axial head computed tomography (B) during 
first week after delivery at 33 weeks show bilateral calcifications in region of basal ganglia indicative 
of prior infarctions (case 6). This stuck twin had been managed with serial amniocentesis. After 
removal of 5.5 L of amniotic fluid at 24 weeks’ gestation, fetus had transient hydrops fetalis and 
mild cerebral ventricular dilation lasting <1 week. Arrows, Calcifications in region of basal ganglia. 
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Table II. Timing and amount of serial amniocenteses and prenatal complications among eight 


pregnancies with the stuck twin phenomenon 


Amniocentesis 


6 


30.5 2.5 bral ventricu- 
30.7 1.9 lar dilatation; 
31 2.0 
neys (24.5) 
7 19.5 1.8 s 
23 22 — 
24 3.0 -= 
8 16 0.3 — 
17 0.5 = 
9 28.5 1.0 = 
30 0.7 =_ 
10 20.5 0.5 Hydrops (31.5) 
21.3 1.2 Amnionitis 
26.5 0.9 (32.5) 
26.6 0.8 
11 26 4.6 True knot in 
28 2.0 cord with 
28.5 5.0 death (29) 
29.5 2.5 
12 20.5 2.5 — 
23.5 0.3 = 
25 0.3 _ 
13 18.8 1.2 a 
19 0.9 — 
20 0.9 — 
21 1.5 — 
22 1.2 — 
23.5 1.5 == 


Gestational Amount 
Case No. age (wk) (L) Stuck twin Polyhydramniotic twin 
24 


5.5 Hydrops; cere- 


Prenatal complications (wk) 


Maternal; placental 
membranes 


echogenic kid- — as 


— Chorioamniotic separa- 

— tion (24); sponta- 

— neous rupture of 
membranes (27) 


Hydrops (26.5-31.5) aa 


Hydrops (30) Rupture of the amnion 


(28.5) 


Hydrops (31-32) Abruptio placentae 
(21) 


Preeclampsia (31-32) 


— Spontaneous rupture 
— of membranes (24.5) 





ultrasonography in early reports precludes confirma- 
tion of the stuck co-twin, some authors described an 
extreme paucity of amniotic fluid in one sac at the time 
of delivery.” One can reasonably presume that many 
of the early reported cases had the stuck twin phenom- 
enon on the basis of the common occurrence of this 
phenomenon and the relative rarity of other causes for 
acute polyhydramnios in twin pregnancies.” Combi- 
nation of the present series with prior reports yields a 
fetal survival rate of 65.5% among 29 affected preg- 
nancies managed with serial amniocenteses compared 
with a significantly lower fetal survival rate of 15.6% 
for 48 affected pregnancies not managed with serial 
amniocenteses (p < 0.00001). 


Comment 


Marked disparity of amniotic fluid volume that arises 
acutely in a diamniotic twin pregnancy between ap- 
proximately 18 and 30 menstrual weeks commonly in- 
dicates the stuck twin phenomenon.'* The precise 
cause of the markedly disparate amniotic fluid volumes 


in the stuck twin phenomenon remains speculative. It 
undoubtedly results from the twin transfusion syn- 
drome in some cases, as shown by significant disparity 
in twin size and by postnatal documentation of placental 
anastomoses.” 8! However, other causes must also be 
operative because the stuck twin phenomenon can oc- 
cur in dichorionic and even dyzygotic pregnancies.” 
In addition, fetal hematocrit levels and umbilical ar- 
terial Doppler interrogation often yield variable and 
confusing findings that do not differentiate donor from 
recipient twin,® ''** °° and most twins with disparate 
hemoglobin levels (>5 mg/dl) and disparate birth 
weights (>20%) do not have the twin transfusion syn- 
drome.*' Furthermore, in some pregnancies affected 
by the stuck twin phenomenon either twin may have 
hydrops, but in other affected pregnancies the poly- 
hydramniotic twin often lacks manifestions of hydrops 
and the stuck twin lacks evidence of placental insuffi- 
ciency. 

We suggest that diverse causes may initially produce 
polyhydramnios in one of the sacs of a diamniotic preg- 
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Table III. Literature review of serial amniocenteses in the management of twin pregnancies* 








Gestational Gestational 















40 1.5 
39 2.6 
30 2.8 
40 2.4 
36 18.0 
40 3.1 
40 2.8 
36.5 10.5 
31 11.4 
37 15.3 
39 10.8 
37 6-9 
35 7.6 
34 3.0 
28.5 3.5 
28 2.8 
he 22:3 33.6 21.0 
18 22.7 33.6 2.1 
19 20 21 3.8 
20 23 24 2.0 
21 27.5 32.5 y 
TOTAL — — — 
Mean 24.9 34 6.8 
Median 24 36 3.8 









ho 


age at Total fluid 
delivery removal No. of 
(liters) amniocenteses Complications Twin 1 Twin 2 Reference 
No 


TNM OF O89 NO OO HR MD DO OF HS DO DO PO 


— 
OKNY 


Fetal survival 














— Yes 12 
— No Yes 12 
— No No 12 
— Yes Yes 12 
— No Yes 13 
— No Yes 14 
— No Yes 15 
— Yes Yes 16 
— Yes Yes 17 
— Yes Yes 18 
— Yes Yes 19 
— Yes Yes 20 
— No Yes 4 
— Yes Yes 4 
— No Yes 1] 
Labor, renal No Yes 11 
cortical ne- 
crosis 
Cordocentesis Yes Yes 10 
Cordocentesis Yes Yes 10 
— No No 2 
Labor, am- No No 2 
nionitis 
= No Yes 3 
— 9/21 18/21 — 
.9 — — — — 


*Does not include reference 21 because pertinent data not reported in original article. 


Data not reported in original article. 


nancy and eventually result in the stuck twin phenom- 
enon. Case 9, in which the small polyhydramniotic twin 
had a tracheoesophageal fistula and the stuck twin was 
structurally normal, represents a relatively unusual 
cause for the stuck twin phenomenon but exemplifies 
the effect of the polyhydramnios on the co-twin. The 
cause of the initial increase in fluid within one amniotic 
cavity remains unexplained by this hypothesis in cases 
without structural cause for polyhydramnios. However, 
once present it may result in increased atriopeptin se- 
cretion and cause a feedback mechanism, produc- 
ing increased urine production and worsening poly- 
hydramnios of the twin in the polyhydramniotic 
sac.37 

Combined experience from various reports indicates 
that both twins are structurally normal in approxi- 
mately 95% of pregnancies affected by the stuck twin 
phenomenon. '* 58.19.23.33 Although neither fetus usually 
has an identifiable anomaly, the marked disparity of 
amniotic fluid volume may result from anomalies that 
lead to polyhydramnios for one twin (including neural 
tube defect, upper gastrointestinal obstruction, con- 
genital heart disease) or oligohydramnios for the other 
twin (ruptured amnion, urinary tract anomalies, asym- 
metric growth retardation).*° In the current series, two 
of 13 (15%) affected pregnancies had fetal structural 


anomalies detected with prenatal ultrasonography, and 
both anomalous fetuses were in the polyhydramniotic 
sac. Therefore detection of the stuck twin phenomenon 
warrants a careful fetal survey of both twins. 

Whatever the underlying pathogenesis for the stuck 
twin phenomenon, it carries an extremely high natural 
fetal mortality rate of >80%. This high mortality rate 
has prompted a variety of other proposed prenatal 
therapies in addition to serial amniocenteses. Selective 
feticide of the stuck twin was performed in two cases 
with one case resulting in birth of a normal co-twin. 
The other case resulted in death of the co-twin.* * How- 
ever, the potential for embolism from the dead or dying 
twin to the live twin via placental anastomoses, as well 
as the ethical issues associated with selective feticide, 
limits the utility of this mode of therapy for stuck twins. 
Umbilical cord ligation has been attempted, although 
it has not yet been succcessful.” Since initially reported 
by Rivett in 1933, therapeutic amniocenteses have been 
used occasionally to treat acute polyhydramnios in twin 
pregnancies.** '°*! 

Our experience, supported by the composite litera- 
ture, suggests that serial amniocenteses may provide an 
effective means of managing pregnancies with the stuck 
twin phenomenon. The survival rate for affected twin 
pregnancies at our institution improved significantly 
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Fig. 4. Transverse ultrasonogram of stuck twin’s kidneys at 24.5 weeks’ gestation after removal of 


5.5 liters of amniotic fluid from polyhydramniotic sac of co-twin, shows kidneys to have abnormally 


increased cortical echogenicity. This child has chronic renal failure with a stable creatinine value of 


2 mg/dl at 15 months (case 6). Arrows, Echogenic kidneys; open arrow, spine. 


from 20% to 69% with the introduction of serial am- 
niocentesis. The survival rate now appears predomi- 
nantly related to concomitant pregnancy complications 
or severe fetal malformations. Each of the perinatal 
deaths in the current series occurred in pregnancies 
complicated by compromised maternal condition (pre- 
eclampsia or intractable premature labor before 27 
weeks’ gestation), disturbances of the placental mem- 
branes (abruptio placentae or rupture of the amnion), 
or severe fetal structural abnormalities. 


Chescheir and Seeds” suggest that the success rate of 


therapeutic amniocenteses correlates inversely with the 
gestational age at which the polyhydramnios first man- 
ifests itself. Among the 14 affected twins in their series, 
the four that were first seen after 26 weeks’ gestation 
survived, whereas the 10 that were first seen before 26 
weeks died. Bebbington et al.*! also indicate that a more 
advanced gestational age at the time of clinical presen- 
tation and at the time of delivery correlate with a suc- 


cessful outcome. The data from the current series and 
from the combined experience in the literature, how- 
ever, indicate a good survival rate even among fetuses 
that initially are seen as early as 17 weeks’ gestation 
when managed with serial amniocenteses (see Table 
III). The median gestational age of initial clinical pre- 
sentation for survivors managed with serial amniocen- 
teses is approximately 24 weeks in the literature and 
approximately 20 weeks in the current series. 

The potential pregnancy complications associated 
with serial amniocenteses include abruptio placentae 
amnionitis, rupture of the membranes, inadvertent 
puncture of the fetus or umbilical cord, onset of labor, 
and amniotic fluid embolism. Among the 78 serial am- 
niocenteses for the 21 affected pregnancies described 
in Table III, procedural complications associated with 
the amniocenteses are described in four (19%) preg- 
nancies. Two of the pregnancies (9.5%) were noted to 
be in labor a short time later,* '' but this association is 
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not necessarily causal inasmuch as preterm labor de- 
velops ir almost all pregnancies affected by the 
stuck twin phenomenon. One pregnancy (4.8%) de- 
veloped amnionitis after an amniocentesis.” Vetter and 
Schneider” described inadvertent cordocentesis and 
therapeutic bloodletting in two cases, but one of these 
cases underwent 16 other amniocenteses without com- 
plication. The relatively high procedural complication 
rate in the current series (three of eight pregnancies; 
37.5%) mzy reflect the role of ultrasonography in the 
detection of complications that would otherwise remain 
undetected. © 

Potentia: fetal complications encountered among 
survivors must be weighed against the strong parental 
desire for continuation of pregnancy. Prior reports 
rarely menion complications among survivors of serial 
ammiocenteses in twin pregnancies, but most reports 
provide ony minimal postnatal follow-up data. In the 
currents series, significant fetal morbidity occurred in 
two fetuses (12.5%) managed with serial amniocenteses 
(see Figs. 3 and 4). We postulate that the cerebral in- 
farctions may result from transient cerebral hypoper- 
fusion in a destressed fetus or from embolism via the 
co-twin. Similar postulates might explain the renal cor- 
tical necrosis in one twin. Feingold et al." described a 
case of renal cortical necrosis in a twin after serial am- 
niocenteses of its polyhydramniotic co-twin, and Dim- 
mick et al.” reported renal necrosis and cerebral in- 
farction in a growth-retarded twin with the twin trans- 
fusion syndrome. 

We conclude that serial amniocenteses may signifi- 
cantly improve the survival rate of twin gestations af- 
fected by the stuck twin phenomenon, but that other 
complications may develop in the survivors. Further 
studies are required to determine the optimal timing 
and method of amniocenteses to minimize the fetal and 
procedural complications. 
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Twin-twin transfusion syndrome 


Michael A. Urig, MD, William H. Clewell, MD, and John P. Elliott, MD? 


Phoenix, Arizona 


Twin-twin transfusion syndrome associated with acute polyhydramnios in one sac and severe 


oligohydramnios in the other, which characteristically is diagnosed between 18 and 28 weeks, is 
associated with a high mortality rate for the involved twins. Patients who are managed without intervention 
have essentially 100% perinatal mortality. Nineteen patients with this diagnosis were treated at Good 
samaritan Medical Center over a 5-year period. Because of the known perinatal mortality and because of 
early experiences with the twin-twin transfusion syndrome, we began to actively intervene in such patients 
with various modes of therapy. As experience was gained, it was found that repeated therapeutic 
amniocenteses, if performed before severe maternal abdominal distention or labor, appears to be 


beneficial. (Am J OBsTET GYNECOL 1990;163:1522-6.) 


Key words: Twin-twin transfusion, stuck'twin, polyhydramnios 


Schatz! was the first author to describe the phenom- 
enon of shared circulation between monochorionic 
twins. Anastomoses have been documented between 
arteries, veins, and between arteries and veins of each 
twin, but of greatest importance are the arteriovenous 
anastomoses that proceed through a placental cotyle- 
donary capillary bed and appear to result in the most 
dramatic circulatory changes in the twins. Schatz re- 
ported that this “third circulation” was usually accom- 
panied by a large arteriovenous anastomosis in the op- 
posite direction to compensate for the inequalities that 
this third circulation provided. This was the explana- 
tion for the finding of some normal outcomes in cases 
of arteriovenous anastomosis. In the situations in which 
there was no corresponding large-vessel anastomosis in 
the opposite direction, it was hypothesized that the 
“third circulation” predominated and resulted in the 
transfusion syndrome. When the unequal vascular 
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anastomosis is established the donor twin becomes ane- 
mic, hypovolemic, oligohydramnic, and as a result, 
grows slower than the other twin. The recipient twin 
becomes polycythemic, hypervolemic, and _polyhy- 
dramnios develops because of increased urine produc- 
tion to relieve the circulatory overload.” 


Material and methods 


' The medical récords of Good Samaritan Medical 
Center were reviewed for the discharge diagnoses of 
twin pregnancy with associated polyhydramnios. From 
this group, all 19 patients with twins and associated 
acute polyhydramnios of one twin and oligohydram- 
nios of the other twin were selected. There was an 
estimateed gestational age difference by ultrasonog- 
raphy of at least 1.5 weeks between the twins ineach 
pair. All diagnoses were made prenatally; the present- 
ing problem was rapid increase in fundal height. In 
each patient the polyhydramnios was associated with 
the larger twin, whereas the smaller twin was charac- 
teristically “stuck” to the uterine wall, probably as a 
result of compression from the polyhydramnic twin sac 
combined with its own oligohydramnios. These char- 
acteristics, which are the basis of our diagnosis, are the 
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same ultrasonographic findings described by other au- 
thors.*’ These patients represented the worst extreme 
of the twir-twin transfusion syndrome spectrum with 
severely discordant growth, acute polyhydramnios, and 
essentially total oligohydramnios, so that initially the 
ultrasonographic appearance is of monoamniotic ges- 
tation. Patients who did not meet these rigid criteria 
were not included in this study. 

All placentas were found to be monochorionic by 
gross and microscopic examination. A systemic search 
for anastomotic vessels was not routinely performed. 


Results 


Between 1983 and 1987 there were 29,844 deliveries 
at Good Samaritan Medical Center with 565 sets of 
twins (incidence of 1:53). There were 19 patients with 
the diagnosis of twins with acute polyhydramnios and 
twin-twin transfusion syndrome, an incidence of 1:30 
twin pregnancies at our referral center. 

The gestational age at the time of diagnosis ranged 
from 18 to 29 weeks (mean, 22.7 weeks), the majority 
of pregnancies were in the 21- to 24-week period. The 
mean gestational age at the time of delivery was 27.3 
weeks (exc_uding elective terminations). 

The patients were separated into four groups based 
on different management philosophy as experience was 
gained. 

Group | consisted of five patients early in our ex- 
perience in whom no intervention was attempted (pa- 
tients 1 through 5). These patients were seen with the 
mentioned previously symptoms of rapid uterine dis- 
tention and preterm labor with cervical change. His- 
torically, twin-twin transfusion syndrome was believed 
to be assoc:ated with essentially 100% mortality at this 
gestation. Despite tocolysis, all five patients progressed 
to active labor with rupture of membranes and delivery 
of nonviabie infants (Table I). One patient (no. 4) had 
intrauterine fetal death of both twins in the course of 
labor. 

Group 2 consisted of patients referred for twin-twin 
transfusion syndrome in whom preterm labor had al- 
ready begun. Patients experienced contractions (>two 
contractions per 10 minutes) and had documented cer- 
vical change. Repeated therapeutic amniocenteses were 
attempted in four patients after they were in preterm 
labor (patients 6, 7, 8, and 9). It was evident that the 
removal of amniotic fluid during active labor was not 


effective in significantly prolonging pregnancy (Table — 


II). Two infants survived (25% survival rate); however 
these infants were 29 weeks’ gestational age at the time 
of diagnosis. 

Group 3 included five patients who initially were seen 
with severe twin-twin transfusion syndrome with both 
twins viable, but with a change in intrauterine physi- 
ology with the death of one twin (patients 10 through 
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Table I. Cases of twin-twin transfusion 
syndrome with no intervention 





Gestation at 











Days gained 





Patient diagnosis after 
No. diagnosis Survived 
] 21 0 0 
2 2) 0 0 
3 22 0 0 
4 24 0 0 
5 18 0 0 


0/10 (0%) 


14). One patient (no. 11) elected termination of the 
living twin 23 days after the death of the first twin. 
One patient (no. 14) had the surgical removal of one 
twin at 21 weeks following three therapeutic amnio- 
centeses.* Patient 12 had continued polyhydramnios in 
the amniotic sac of the recipient twin after death of the 
donor twin. This patient had therapeutic amniocentesis 
with removal of 1800 ml of amniotic fluid. The poly- 
hydramnios never reaccumulated and she was deliv- 
ered at term (Table III). The other three patients did 
not undergo amniocentesis. 

The four pregnancies that continued (patients 10, 
12, 13, and 14) gained an average of 6S days’ gestation 
after diagnosis. Three of the four remaining infants 
lived. The remaining twin (patient 14) died after birth 
during operation to correct congenital aortic stenosis 
after prolongation of pregnancy from 21 to 27 weeks. 

Group 4 comprised five patients from our most re- 
cent experience in whom aggressive amniocentesis was 
begun before any signs of preterm lator (patients 15 
through 19). Aggressive amniocentesis was defined as 
repeated amniocenteses that were performed in an at- 
tempt to maintain the level of the amount of fluid sur- 
rounding the recipient twin at a level as normal as pos- 
sible. One to five liters of fluid was removed over a 30- 
minute to 2-hour period. The amount removed was 
sufficient to maintain a low-normal to normal amount 
of amniotic fluid in the recipient’s sac. Patients received 
prophylactic tocolysis with intravenous magnesium sul- 
fate during and after therapeutic amniocentesis. In two 
patients it was found that initial aggressive removal of 
fluid early in the disease process appeared to stop the 
transfusion progression (patients 17 and 19). The av- 
erage number of days gained was 64.2 days (Table IV). 
Two infants died from severe prematurity after pro- 
longation of pregnancy from 22 to 25 weeks (patient 
15), and two infants died of sepsis after prolongation 
of pregnancy from 21 to 27 weeks (patient 19). There 
was an overall survival rate of 60% in this group. 

Therapeutic amniocentesis before the onset of pre- 
term labor is significantly more effective than amnio- 
centesis after labor has started in prolonging gestation 
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Table II. Therapeutic amniocentesis after the onset of preterm labor in twin-twin transfusion syndrome 












Gestation at 
diagnosis 


(wk) 


Patient 
No. 





6 29 8 
7 21 3 
8 26 4 
9 24 3 


Table III. Death of one twin in twin-twin 
transfusion syndrome 





Gestation 















at 
diagnosis Days gained after 
(wh) death Survived 





10 - 24 77 I 
1] 21 23 (Terminated) 0 
12 22 80 l 
13 19 74 ] 
14 21 45 0 


3/10 (30%) 


beyond 27 weeks (p = 0.03) and beyond 32 weeks (p = 
0.01) (x? analysis). Therapeutic amniocentesis is not sig- 
nificantly different in effect than the death of one twin 
in prolonging gestation beyond 27 weeks or 32 weeks 
(x? analysis). | 


Comment 


A review of the literature with regard to the twin- 
twin transfusion syndrome reveals a wide spectrum of 
patients labeled with this diagnosis. Because of its rel- 
atively infrequent presentation, many of the published 
accounts are single case reports. Some reports indicate 
a relatively good prognosis for this syndrome.” 

A continuum of dysfunction clearly exists under the 
label twin-twin transfusion syndrome. Mild manifes- 
tations of this process are probably represented by re- 
ports of low mortality and morbidity associated with 
twins delivered with discordant weights and hemoglo- 
bin concentrations.'?" One such report" detailed only 
seven sets of twins that were premature of 35 cases 
reported. Rausen et al.” reported a significant inci- 
dence of term pregnancies, and many did not have 
associated polyhydramnios. Patients in these reports 
seem to represent the benign end of the spectrum of 
twin-twin transfusion syndrome, which manifests itself 
later in pregnancy and allows delivery at a later ges- 
tational age. 

Of greater significance are those patients who are 
seen with acute polyhydramnios at 18 to 28 weeks, when 
morbidity and mortality approach 100%. Weir et al."° 


No. of 
amniocenteses 











Average volume 


per tap 


Survived 






2 2400 9 

9 900 0 

3 1200 0 

3 1000 0 
2/8 (25%) 


reported eight patients with twin-twin transfusion syn- 
drome and acute polyhydramnios treated expectantly 
with 100% perinatal mortality. Chescheir and Seeds’ 
reported five cases, with 100% mortality in true severe 
twin-twin transfusion syndrome, and four surviving fe- 
tuses in two patients in whom the diagnosis was ques- 
tionable (one set of dichorionic twins, one male and one 
female), and one set of twins without polyhydramnios 
or oligohydramnios. Schneider et al." reported a sur- 
vival rate of 44% after use of amniocentesis to intervene 
in nine cases of severe twin-twin transfusion syndrome. 

These diverse outcome data are consistent with 
Schatz’s original description of the syndrome. He theo- 
rized that many arteriovenous anastomoses were ac- 
companied by reciprocal communications that mini- 
mize the discrepancy of blood flow. The patients who 
are delivered at later gestations probably have such 
compensatory anastomoses. The infants are born with 
weight and hemoglobin discrepancies but are not 
commonly complicated by polyhydramnios/oligohy- 
dramnios. 

Acute polyhydramnios is probably the most impres- 
sive finding in patients who are seen with early severe 
twin-twin transfusion syndrome, and the polyhydram- 
nios is usually the presenting problem. All patients in 
our series had acute polyhydramnios. The acute poly- 
hydramnios is usually the cause of preterm labor and 
preterm rupture of membranes that complicate this 
problem. All patients in this series had a larger twin 
with polyhydramnios associated with a smaller twin 
“stuck” to the uterine wall in an oligohydramnic sac. 
They were at the severe end of the continuum of twin- 
twin transfusion syndrome; the mortality in such cases 
is expected to be 100%. 

Amniocentesis has been found to be a safe ther- 
apeutic method of relieving maternal symptoms as 
a result of abdominal distention from polyhydram- 
nios.'* *'9 Several authors have suggested that 
pregnancy can be prolonged in the situation of acute 
polyhydramnios and twin-twin transfusion syn- 
drome.'? 17 1° Two groups of patients in our series 
were treated with aggressive amniocentesis (groups 2 
and 4). Traditionally, small amounts of fluid (200 to 
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Table IV. Therapeutic amniocentesis before onset of preterm labor in twin-twin transfusion syndrome 



















Gestation at 
diagnosis 
(wk) 


Days gained 
afier 
diagnosis 


15, 22 25 
16 21 119 
17 22 80 
18 29 56 
19 21 4] 


amniocentesis 














No. of Average volume 


per tap (ml) 


Survived 





7 1360 0 
3 1910 2 
l 2000 2 
7 3075 2 
l 1000 0 


6/10 (60%) 





500 ml) have been removed during amniocentesis. It 
is commonly believed that drainage of large amounts 
of amniotic Huid might cause abruptio placentae or 
preterm labor. None of the patients in this series from 
whom large amounts of fluid were removed had evi- 
dence of abruptio placentae. In our patients amnio- 
centesis in an actively contracting uterus was not ef- 
fective in pro‘onging pregnancy. The only patients who 
had significant preterm labor during or after amnio- 
centesis were those in group 2 who were already having 
significant contractions with cervical change at the time 
of amniocentesis. Caldeyro-Barcia et al.” reported that 
patients at risx for preterm labor who had amniocen- 
tesis for polyhydramnios were those with strong uterine 
contractions at the time of amniocentesis. His review 
also showed that the incidence of preterm labor in pa- 
tients with polvhydramnios was much lower if the am- 
niocentesis was performed earlier in pregnancy when 
uterine contractility is low, and before severe distention. 
Our experience has been consistent with this finding. 
If amniocentesis can be performed at the ume of di- 
agnosis, and before significant contractions are present, 
there is a reduced chance of premature labor associated 
with therapeutiz amniocentesis; in this group of five 
patients (Table IV}, 60% survival was noted. 

After amniocentesis had been initiated, our goal was 
to maintain the amniotic fluid volume around both fe- 
tuses at a level as close as possible to the normal range. 
As suggested by Mills,” we drained amniotic fluid as 
often and as rapidly as necessary to maintain the normal 
amniotic fluid vclume in each sac (range, repeat in 1 
day to 3 weeks). The largest amount of fluid removed 
from our group of patients over an 8-week course of 
therapy was 19 L; 5 L was the largest volume removed 
at one time. The patients in this series who gained a 
minimal number of days’ gestation were either in pre- 
term labor at the tıme of the first amniocentesis or were 
seen with premature rupture of membranes (groups 1 
and 2). Chescheir and Seeds’ did not appreciate sig- 
nificant lengthening of gestation in their three patients 
who underwent therapeutic amniocentesis. Uterine ac- 
tivity and cervical dilatation were not mentioned and 
may have been contributing factors. In their series cho- 


rioamnionitis developed in one patient after amnio- 
centesis. No patient in our series had signs of chorioam- 
nionitis, and antibiotics were not routinely used pro- 
phylactically. 

We suggest that amniocentesis be performed for both 
fetal and maternal reasons. We observed normal fluid 
volumes around both twins after therapeutic amnio- 
centeses in numerous patients. The only other report 
of this phenomenon is by Schneider et al. In their 
study a placental vessel was inadvertently punctured 
during amniocentesis. Our experience suggests that re- 
peated, aggressive amniocenteses reduce the rate of 
fluid accumulation in most cases. Only one therapeutic 
amniocentesis was needed in two cases and in the other 
three cases the repeated amniocenteses generally oc- 
curred after an increasing number of days between 
amniocenteses. The physiologic reason for this re- 
sponse is uncertain. It is possible that the transfusion 
syndrome begins at a low level, probably between 16 


~ and 20 weeks. The recipient twin then has an increase 


in its glomerular filtration as a result of increased renal 
perfusion. With the accumulation of fluid in the recip- 
ients amniotic sac, the donor twin and its portion of 
the placenta become compressed and increase the rate 
of transfusion to the recipient twin. Intravascular hy- 
povolemia in the donor results in decreased renal per- 
fusion and oliguria. It is possible that the relief of pres- 
sure exerted by the recipient’s polyhydramnios on the 
donor twin’s placental vessels alone is sufficient to par- 
tially reverse this phenomenon. 

Our experience supports the fact that the intrauter- 
ine environment can be normalized if the physiologic 
characteristics are changed early in the course of this 
transfusion situation, by therapeutic amniocentesis or 
the death of one twin. Usually therapeutic armniocen- 
tesis should be started in the 16- to 21-week period for 
best results. 

Alternative approaches to the twin-twin transfusion 
syndrome include fetal surgery or selective in utero 
termination. These alternatives should be considered 
only in very severe, early situations, and only after 
failed attempts at therapeutic amniocentesis.” *' The 
option of selective in utero termination can lead to 
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` other serious complications involving embolic phenom- 
ena and coagulation defects in the remaining twin.?*** 
This is an experimental procedure and is fraught with 
technical and ethical problems. 

The condition of twin-twin transfusion syndrome as- 
sociated with acute polyhydramnios has a grave prog- 
nosis. In most cases, the diagnosis is made at a gesta- 
tional age when survival for even a normal singleton is 
doubtful. These fetuses are normal genetically but are 
subjected to extreme physiologic changes as a result of 
the abnormal circulatory condition. The goal of ther- 
apy should be to prolong the pregnancy to increase the 
chance of fetal survival. 

Of the reports of twin-twin transfusion syndrome in 
the second trimester when no therapy was instituted, 
there was essentially 100% perinatal mortality unless 
one twin died in utero. Twin-twin transfusion syn- 
drome is a rare problem but contributes significantly 
to perinatal mortality in twins. The survival of such 
twins can be improved with active early intervention 
with aggressive therapeutic amniocentesis. 
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Pregnancy in a patient with treated Wilson’s disease: 


A case report 


Patrick Dupont, MD, Olivier Irion, MD, and Francois Béguin, MD 


Geneva, Switzerland 


Pregnancy shculd have a successful outcome in a patient with treated Wilson’s disease if complications 
are excluded before conception. Chelating treatment must be maintained, although there is some concern 
about its teratogenicity. We describe the course of pregnancy in a patient followed up in our department. 


(Am J Osstert GYNECOL 1990;163:1527-8.) 


Key words: Wilson’s disease, pregnancy, penicillamine, teratogenicity, trientine 


Wilson’s disease is an autosomal recessive disorder of 
copper metabolism characterized by liver cirrhosis and 
central nervous system dysfunctions. Before the ad- 
vent of penicillamine, successful pregnancies were rare 
events. We report one pregnancy followed up in our 
department and discuss the problems related to this 
condition and its treatment with regard to pregnancy 
and the fetus. 


Case repori 


At the age of 21 years, M. K. was admitted to a psy- 
chiatric unit for depression. Her history revealed one 
episode of weakness and abnormal liver function test 
results at 17 years of age. Two years later she left college 
because of deteriorating performance. In the following 
months increasing asthenia, dysarthria, irregular hand- 
writing, difficulty in walking, sialorrhea, and bursts of 
incoercible laughter developed. Her gynecologic his- 
tory revealed no menstrual irregularities or miscar- 
riage. 

Laboratory tests revealed: thrombocytopenia 
(78,000/mm*), slightly elevated liver enzymes, nor- 
mal serum copper (13 mmol/L), diminished cerulo- 
plasmin (0.13 gm/L, low urine copper excretion (1.1 
mmol/day), increased intrahepatic copper concentra- 
tion (15.8 mmoi/gm dry weight), impaired renal func- 
tions with glucosuria, phosphaturia, and uricosuria. 
Wilson’s disease was diagnosed. Cerebral computed 
tomographic scan revealed a discrete bilateral hypo- 
density affecting the lentiform nuclei and abdominal 
laparoscopy showed a macronodular liver cirrhosis with 
hepatosplenomegaly and signs of portal hypertension. 

Penicillamine therapy (750 mg/day) and a low cop- 
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per diet brought rapid clinical improvement. Hepatic 
function normalized, serum copper level decreased, 
urinary copper output increased, thrombocytopenia 
did not improve. Penicillamine was well tolerated and 
the patient showed no other side effects. 

Two years later the patient became pregnant. An 
abortion was performed. 

At age 25 years, when she consulted a new practi- 
tioner, the question of motherhood was raised. Data 
from the medical literature showed that pregnancy in 
her condition seemed reasonable in an appropriate ob- 
stetric setting. Thus she was referred to our department 
for a thorough evaluation of her condition. Increased 
urine copper excretion and stable clinical condition 
proved the patients compliance to therapy. Liver 
assessment (ultrasonography, nuclear magnetic reso- 
nance, and aminopyrine breathing test) showed he- 
patosplenomegaly but neither cirrhosis nor hepatic 
failure. An esophagogastroduodenoscopy revealed 
nonsymptomatic esophageal varices. With this infor- 
mation pregnancy was deemed reasonable. 

Genetic counseling was performed. The risk of a 
future child inheriting that condition was estimated at 
1/200 to 1/400, inasmuch as no other case of Wilson’s 
disease was discovered in the family. 

A few months later the woman became pregnant. 
Penicillamine 750 mg/day was continued. The course 
of pregnancy was uneventful. Liver function test results 
were normal and, as expected during pregnancy, serum 
copper and ceruloplasmin levels increased as did urine 
copper excretion. Thrombocytopenia remained stable. 
At the beginning of the third trimester, endoscopy con- 
firmed small esophageal varices. Occult blood tests in 
stools were negative. 

Because of increasing maternal fatigue, birth was in- 
duced at 38 weeks’ gestation. A girl of 3010 gm was 
delivered spontaneously. Apgar scores were 9 and 10 
at l and 5 minutes, respectively, and arterial pH was 
7.30. Cord blood showed both normal serum copper 
(8.3 mmol/L) and ceruloplasmin (0.14 gm/L) in the 
infant. 

The postpartum period was uneventful for both 
mother and child. 
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Comment 


As is evident from this case and others,’ pregnancy 
should have a successful outcome in patients with Wil- 
son’s disease provided that complications such as portal 
hypertension and impending hepatic failure are ex- 
cluded before conception. Chelating treatment must be 
continued throughout pregnancy at the optimum dos- 
age to avoid any severe relapse or damage to the fetus. 

The teratogenic effects of penicillamine remain con- 
troversial. Dose-related teratogenesis has been proved 
in rats. Birth defects have been reported in four new- 
borns of mothers with penicillamine-treated Wilson’s 
disease: two infants had transient cutis laxa and one 
also had micrognathia, low-set ears, inguinal hernias, 
and joint mobility. Other detects possibly not related 
to penicillamine were reported in two patients: bilateral 
club feet, cerebral palsy, blindness, arthrogryposis mul- 
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tiplex, hip dislocation, and a marked hydrocephalus 
with intraventricular hemorrhage.” 

A safer alternative to penicillamine could be trieth- 
ylene tetramine dihydrochloride (trientine), a newer 
chelating agent with efficiency that equals penicilla- 
mine. Even though teratogenicity in the rat was de- 
scribed, its use in pregnancy as reported in a small 
series’ showed no birth defects or copper depletion in 
the fetus. 
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Nature of gonadotropin-releasing hormone self-priming of 
luteinizing hormone secretion during the normal 


menstrual cycle 


Michael J. Sollenberger, MD, Elisabeth C. Carlsen, MD, Robert A. Booth, Jr., MS, 
Michael L. Johnson, PhD, Johannes D. Veldhuis, MD, and William S. Evans, MD 


Charlottesville, Virginia 


To investigate further the nature of the gonadotropin-releasing hormone seif-priming effect on luteinizing 
hormone release, we administered two submaximal doses of gonadotropin-releasing hormone 2 hours ' 
apart to women at three stages of the menstrual cycle and analyzed the resultant luteinizing hormone 
secretory episodes with deconvolution analysis. When the characteristics of the secretory episodes 
associated with the second gonadotropin-releasing hormone challenge were compared with those 
associated with the first, both an enhanced maximal secretory rate and mass of luteinizing hormone 
secreted was demonstrable at each phase of the cycle. No differences in the luteinizing hormone secretory 
event half-duration were detected when the responses to the first and second gonadotropin-releasing 
hormone doses were compared. These data confirm the gonadal hormone milieu—associated self-priming 
effect of gonadoiropin-releasing hormone on luteinizing hormone release and indicate that it is the rate 
with which luteinizing hormone molecules are discharged from the pituitary gland, rather than the duration 
of the secretory 3pisode itself, that provides for the self-priming effect. (Am J Osster GYNECOL 


4990;163:1529-34.) 


Key words: GnRH self-priming, deconvolution analysis 


The ambient gonadal hormone environment 
modulates gonadotropin-releasing hormone (GnRH)— 
stimulated luteinizing hormone (LH) secretion both 
in vivo'® and in vitro. Moreover, under appropriate 
conditions in humans,*’? in animal models,?**" and 
in vitro, *'*™ repetitive administration of GnRH re- 
sults in significant potentiation of LH secretion by the 
anterior pituitary gland. This phenomenon of en- 
hanced pituitary responsiveness associated with mul- 
tiple GnRH challenges has been referred to as “self- 
priming” and may represent a primary mechanism sub- 
serving the preovulatory LH surge.” %10, 13 
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Despite intensive investigation, the mechanisms that 
subserve GnRH self-priming remain to be clarified. To 
date, studies in the human have focused entirely on 
changes in the circulating concentration of LH after 
the administration of serial pulses of GnRH. Although 
of obvious importance with regard to defining the 
event, these observations have been primarily descrip- 
tive in nature and have not provided insight into the 
determinants of the GnRH-stimulated LH secretory 
burst. Recently a novel analytic approach known as 
multiple-parameter deconvolution has been success- 
fully applied to a variety of hormonal secretory pro- 
files.’ This technique allows for the simultaneous res- 
olution of specific, quantitative features of hormone 
secretion together with subject-specific metabolic clear- 
ance rates. We have used this model in this study to 
assess LH secretion in response to two submaximal 
bolus infusions of GnRH administered 2 hours apart 
in 12 women at three stages of the menstrual cycle. 
With this design, both the effect of the gonadal hor- 
mone milieu on GnRH-stimulated LH secretion (in re- 
sponse to the first bolus of GnRH) and on GnRH self- 
priming (LH secretion in response to the second versus 
the first GnRH bolus) could be assessed. Specifically, 
we tested the hypotheses that the self-priming phe- 
nomenon defined previously by changes in serum con- 
centrations of LH may reflect either (1) alterations in 
one or more attributes encoding for the luteinizing hor- 
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Table I. Mean (+ SEM) serum concentrations 
of gonadal steroid hormones in normal 
women at three phases of menstrual cycle* 


Menstrual cycle 17 ß-Estradiol Progesterone 
phase (pg/ml) (ng/ dl) 
Early follicular 24+ 7 34 + & 
Late follicular 119 + 13° 27 + 4 
Midluteal 128 + 21° 1503 + 284° 


Entries within each column identified by different super- 
scripts (a and 6) differ significantly (Duncan’s multiple-range 
test, p < 0.05). 


*n = 12 women for each study phase. 


mone secretory events stimulated by GnRH or (2) al- 
terations in the half-life of secreted hormone. 


Material and methods 


Subjects and experimental procedures. Twenty- 
nine young women (mean age, 28 years; range, 18 to 
40 years) were studied on one or more occasions at the 
University of Virginia Clinical Research Center. The 
study was approved by the Human Investigation Com- 
mittee of the University of Virginia and each subject 
provided written consent. All volunteers had a normal 
history and physical examination and normal serum 
concentrations of LH, follicle-stimulating hormone, 
prolactin, thyroxine, thyrotropin, and total testoster- 
one. During the month of study the phase of the men- 
strual cycle was documented by daily blood samples for 
measurement of 17f-estradiol, progesterone, and LH. 
Twelve women were studied in each of three stages of 
the menstrual cycle including the early follicular phase 
(days 2 to 4 after beginning of the menses), the late 


follicular phase (1 to 4 days before the LH surge), and ` 


the midluteal phase (5 to 9 days after the LH surge). 
On the day of study blood samples were obtained from 
an indwelling heparin cannula at 10-minute intervals 
from 8 AM to 12 noon. GnRH (10 pg intravenously) 
was given at 8 AM and 10 AM. ` 

To be included in the analysis, the LH concentration 
response to the GnRH bolus had to be sufficient to 
fulfill the following criteria: (1) a peak increase of at 
least 2 mIU/ml above baseline, (2) a peak response 
occurring within 20 minutes of GnRH injection, (3) a 
nonzero decay slope, and (4) 95% of samples available 
for analysis. - 

Assays. Serum concentrations of prolactin, thyrox- 
ine, thyrotropin, testosterone, estradiol, and proges- 
terone were determined by radioimmunoassay. Pro- 
gesterone radioimmunoassay was performed with re- 
agents supplied by Diagnostic Products (Los Angeles). 
Serum LH and follicle-stimulating hormone concen- 
trations were measured with reagents from Clinetics 
Corp. (Tusten, Calif.). Median intrassay coefficients of 
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variation (calculated from each subject’s 145 samples 
collected over the preceding 24 hours) ranged from 
4.6% to 6.2%. All samples from an individual woman 
were analyzed in duplicate in the same assay. 

Deconvolution analysis. Serum hormone concentra- 
tions result from the combination of the underlying 
pituitary secretory events and endogenous (subject- 
specific) metabolic clearance. Deconvolution analysis al- 
lows for the simultaneous determination of the quan- 
titative properties of underlying secretory bursts (char- 
acterized by a finite mass, amplitude, and duration) and 
endogenous clearance kinetics.” Endogenous clearance 
kinetics are related to half-lives by the relationship 
MCR = (in2/ty,)/Va, where MCR is the metabolic 
clearance rate and Va represents the volume of distri- 
bution. An LH secretory event is represented algebra- 
ically by a gaussian distribution of instantaneous mo- 
lecular secretory rates that are centered around a par- 
ticular point in time and dispersed with a finite standard 
deviation. Multiple-parameter deconvolution proce- 
dures were applied separately to the LH data obtained 
after the administration of each GnRH bolus (8 AM to 
10 Am and 10 Am to 12 noon). 

Statistical analysis. One-way analysis of variance 
with Duncan’s multiple-range test was used to compare 
interphase differences in serum concentrations of go- 
nadal steroids. Similar analyses of interphase secretory 
burst properties and LH half-lives were performed af- 
ter logarithmic transformation of the data because of 
departures from normality. Comparisons of these pa- 
rameters for each GnRH bolus were made by non- 
parametric methods (Wilcoxon signed-rank test). Cor- 
relations between two measures were sought by linear 
regression analysis of untransformed data. Multiple lin- 
ear regression using the R? maximal improvement cri- 
terion was applied to define relationships among three 
or more variables. 


Results 


Circulating concentrations of gonadal hormones. 
The mean serum concentrations of gonadal hormones 
are summarized in Table I. Serum 17B-estradiol con- 
centrations were similar in the late follicular and mid- 
luteal phases and significantly higher than in the early 
follicular phase. Circulating progesterone concentra- 
tions were increased in the midluteal phase, but was 
indistinguishable in the two follicular phases studied. 

Analysis of. luteinizing hormone secretion in re- 
sponse to the initial GnRH bolus (GnRH 1). Fig. 1 
shows GnRH-stimulated LH concentration time series 
and the corresponding deconvolution-resolved LH se- 
cretory impulses obtained in a representative woman 
studied at three phases of the menstrual cycle. Visual 
inspection of these data suggested the presence of cycle- 
dependent differences in LH secretory event amplitude 
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Table II. Mean (+ SEM) LH secretory burst characteristics during early follicular, late follicular, and 


midluteal phases of menstrual cycle 


Maximal secretory rate 
(mIU/ ml/min) 


LH secretory burst 


Half-duration (min) Mass (mIU/ mi) Halj-life (min) 


phase | GnRH? Gant 1 GnRH | GnRH 2 GnRH 2 


Early follicular 1.5 + 0.3" 2.5 + 0.5* 8.5 + 1.5? 
Late follicular 3.8 + 1.4 9.2 + 2.7} 11.8 + 1.0 
Midluteal 6.0 + 1.3 12.0 + 1.9 8.5 + 1.37 


68+0.8 13+ 4 16 + 3t 125 £ I€ 117 + 10 
13.9 215.3929 Ibs 26" 1172 I? 82 + 8* 
64+06 48+ 9 78 + 11* 64 + 4° 6124 


GnRH (10 ug intravenously) was given at 0 (GnRH 1) and 2 (GnRH 2) hours. 
Duration (ir minutes) of the computer-resolved LH secretory burst at half-maximal amplitude. 
The volume term (milliliters) represents unit distribution volume. Amplitude is the maximal rate of LH secretion attained in 


the deconvolution-resolved LH secretory burst. 


Entries within each GnRH 1 column identified by different superscripts (a and b) differ significantly (Duncan’s multiple-range 


test of log transformed values, p < 0.05). 


*Comparisons of secretory burst properties and LH half-lives (GnRH 1 vs GnRH 2) were made by nonparametric options 


(Wilcoxon signed-rank test): p < 0.01. 


+Comparisons of secretory burst properties and LH half-lives (GnRH 1 vs GnRH 2) were made by nonparametric options 


(Wilcoxon signed-rank test): 0.01 < p < 0.05. 


(maximal secretory rate) and half-duration in response 
to the first and second challenges with GnRH. Analysis 
of the deconvolution-resolved secretory event charac- 
teristics confirmed this visual impression. Table IJ sum- 
marizes the LH secretory event characteristics inferred 
in response to the first bolus of GnRH as a function of 
the phase of the menstrual cycle. Although there was 
a trend toward a higher maximal LH secretory rate in 
response to GnRH during the late follicular versus the 
early follicular phase, a significant difference was not 
realized (p = C.076). In contrast, the maximal secretory 
rate during the midluteal phase was significantly 
greater than that observed in the early follicular 


(p = 0.0002) or late follicular (p = 0.021) phases. 


However, during the late follicular phase the duration 
of the GnRH-zssociated LH secretory event was sub- 
stantially longer than that documented during the 
early follicular (p = 0.022) and midluteal (p = 0.041 ) 
phases. The mass of LH released in response to GnRH 
was greater in both the late follicular and midluteal 
phases of the cycle compared with the early follicu- 
lar phase (p = 0.002 and 0.0001, respectively), but 
the former two were indistinguishable (p = 0.376). 
Whereas the half-life estimates of LH released during 
the early follicu-ar and late follicular phases were sim- 
ilar (p = 0.754), that of the material secreted in the 
midhiteal phase was significantly shorter (p = 0.0001). 

Comparison of luteinizing hormone secretory re- 
sponse to GnRH boluses (GnRH 1 vs GnRH 2). Table 


II also shows the LH secretory event characteristics in- 


response to a second challenge with a submaximal dose 
of GnRH administered 2 hours after the initial bolus. 
During the early follicular phase both the maximal rate 
of LH secretion and the mass of LH released were 


greater (p< 0.01 and p< 0.05, respectively) in re- 
sponse to the second versus the first GnRH challenge. 
However, neither the secretory event duration nor the 
half-life of hormone secreted differed. The same pat- 
tern was evident during the midiuteal phase [1.e., a 
higher maximal secretory rate (p < 0.05) and mass 
(p < 0.01)], but indistinguishable duration and half-life 
of LH were found when the response to the second 
GnRH bolus was compared with the response to the 
first. During the late follicular phase, both the maximal 
secretory rate and mass of hormone secreted were in- 
creased in response to the second challenge with GnRH 
(p < 0.05 and p < 0.01, respectively). However, during 
the late follicular phase, and in contrast to the results 
obtained in the early follicular and midluteal phases, 
the half-life of secreted LH in response to the second 
injection of GnRH was significantly (p < 0.91) shorter 
than that released in response to the firs: dose. No 
difference in the secretory burst duration was detected. 
Correlations among GnRH-stimulated secretory 
event characteristics and the circulating concentra- 
tions of the gonadal hormones. When all women were 
considered as a group across various stages of the men- 
strual cycle, multiple stepwise linear regression analysis 
demonstrated that serum estradiol concentrations were 
significantly predictive of the mass of LH secreted after 
the first GnRH injection (p < 0.0001 and R? = 0.41 for 
mass): Serum estradiol levels also predicted the maxi- 
mal rate of LH release after the first GnRH pulse 
(p = 0.004). Serum progesterone concentrations pre- 
dicted the LH half-life (p < 0.004) and the half- 
duration (p < 0.02) of the first LH secretory burst. 
When individual phases of the menstrual cycle were 
considered alone, the following findings emerged: (1) 
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Fig. 1. Illustrative profiles of the deconvolved LH secretory impulses in response to two GnRH 
challenges (GnRH 1 and GnRH 2) ina representative normal woman. For each phase of the menstrual 
cycle the upper pane! depicts measured serum LH concentrations (mean + SD) and the fitted re- 
convolution curve (continuous line), which is based on the calculated secretion and clearance param- 
eters. The resolved LH secretory impulses are shown in the lower panel. 


in the early follicular. phase, serum estradiol levels were 
predictive of both the second luteinizing hormone se- 
cretory burst’s mass (or its maximal rate) and its half- 
duration (p < 0.05, R? = 0.48); (2) in the early follicular 
(but not late follicular) phase, serum progesterone con- 
centrations predicted LH secretory burst mass after the 
first pulse of GnRH (p = 0.03, R? = 0.42); (3) in the 
late follicular and midluteal phases, serum estradiol 
values correlated with the mass and the maximal rate 
of luteinizing hormone secreted after the first pulse of 
GnRH (p < 0.03, R? = 0.48); (4) in the midluteal phase, 
serum 17f-estradiol predicted both the mass of LH 
secreted and the half-duration of the second LH release 
episode (p < 0.03, R? > 0.63); and (5) in the midluteal 
phase, serum progesterone concentrations were signif- 


icantly predictive of the mass of LH secreted after the 
second GnRH pulse (p = 0.008, R? = 0.56). Thus, in 
each of the different phases of the menstrual cycle, 
serum estradiol concentrations correlated positively 
and significantly with the mass and maximal rate of LH 
secretion attained in response to exogenous pulses of 
GnRH. 


Comment 


Although the importance of the preovulatory LH 
surge within the context of normal reproductive func- 
tion has long been recognized, the cellular events that 
signal the dramatically increased serum concentrations 
of LH at midcycle remain incompletely defined. Data 
obtained in animal models suggest that the secretion of 
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GnRH into the hypothalamic-hypophysial portal cir- 
culation is markedly enhanced coincident with the 
preovulatory LH surge. However, it is generally ac- 
cepted that mcreased GnRH secretion does not solely 
account for the midcycle LH surge; rather it is thought 
that the surge reflects a situation in which increased 
concentrations of GnRH impinge on an anterior pi- 
tuitary gland that has been rendered considerably more 
responsive to the releasing hormone just at midcycle. 
Accordingly, significant investigative interest has fo- 
cused on the mechanisms subserving this alteration in 
gonadotroph responsivity. 

That GnRH-stimulated LH release is dependent on 
the gonadal hormone milieu has been documented in 
a variety of in vivo and in vitro studies.’ OF particular 
interest are the reports suggesting that, under appro- 
priate conditions, enhanced LH release is observed in 
response to GnRH after an initial challenge with a 
“priming” dose of the hypothalamic peptide.** ”"* Al- 
though this phenomenon appears to be dependent on 


the gonadal normone environment,” ''' the mecha- 


nisms involved remain poorly understood. In this study 
we coupled a moderately intensive sampling paradigm 
with analysis of the resultant LH concentration time 
series by use of a multiple-parameter deconvolution 
procedure to appraise in some detail the determinants 
of the GnRH secretory-priming event at several stages 
of the menstrual cycle. 

Our current results are consistent with previous stud- 
ies in women that have documented that the stage of 
the menstrual cycle,” presumably reflecting the gonadal 
hormone environment,! influences the serum concen- 
trations of luteinizing hormone achieved in response 
to a single bolus of GnRH. The use of deconvolution 
precedures to “unravel” the GnRH-associated secretory 
event now provides an enhanced understanding of how 
this menstrual state-specific modulation occurs. Thus 
the maximal rate of LH secretion (as distinct from se- 
rum LH concentrations per se) achieved in response to 
GnRH in the midluteal phase is significantly greater 
than that observed in the early or late follicular phases. 
In contrast, the duration of the secretory episode in 
the late follicular phase is prolonged in comparison 
with the early follicular and midluteal phases. It should 
be noted that tne duration of secretion is considerably 
shorter than tnat of the serum concentration peak. 
Thus the enhanced maximal secretory rate in the mid- 
luteal phase and the longer secretory event duration in 
the late follicular phase are responsible for the greater 
mass of hormone secreted in these two phases when 
compared with that secreted in the’ early follicular 
phase. Such information about secretion requires a 
technique such as deconvolution analysis, and cannot 
be inferred from simple inspection of the serum LH 
concentration peak.’ Clearly, these studies do not ad- 
dress the question of which particular intracellular pro- 
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cesses subserve the menstrual stage-associated alter- 
ations in maximal LH secretory rate and secretory event 
duration. However, in consideration o7 this experi- 


‘mental design in which the hypothalamic peptide was 


administered exogenously, these data do demonstrate 
that short-term variations in the amount and/or du- 
ration of the GnRH stimulus per se are not required 
to effect variations in the characteristics of the LH se- 
cretory event. More prolonged variations in the char- 
acteristics of the endogenous GnRH pulse signal 
throughout the menstrual cycle may act to influence 
pituitary responsiveness. 

Our data also support earlier studies that demon- 
strated GnRH self-priming in the late follicular- 
midluteal? and midfollicular-midluteal’ phases of the 
menstrual cycle. However, our results also provide ev- 
idence for a previously undescribed potentiating effect 
of GnRH on certain secretory event characteristics dur- 
ing the early follicular phase. Specifically, the maximal 
rate of LH secretion achieved in response to the second 
bolus of GnRH compared with the first was also en- 
hanced in the early follicular phase and the midluteal 
phase. However, the duration of the secretory events 
in response to the two consecutive GnRH challenges 
did not differ. These results imply that it is the rate 
with which LH molecules are discharged from the pi- 
tuitary gland within a given amount of time, rather than 
the duration of release itself, that results in the observed 
augmentation of LH secretion with repetitive GnRH 
administration. 

Serum estradiol concentrations were significantly 
predictive of the mass (as well as maximal rate) of LH 
secreted after the first GnRH injection in the iate fol- 
licular and midluteal phases. This finding is consistent 
with an earlier inference by Lasley et al.’ that estrogen 
participates in increasing intrapituitary LH stores that 
are available for release in response to secretagogue 
action.’ Of additional interest is the finding that serum 
estrogen levels also correlated with the mass of LH 
released after the second pulse of GnRH in the early 
follicular phase. This observation suggests that both 
estrogen and prior exogenous GnRH exposure are re- 
quired in the early follicular phase to demonstrate an 
increased availability of LH for release. Serum pro- 
gesterone concentrations were negatively correlated 
with LH half-life and secretory burst duration, possibly 
indicating changes in the posttranslational carbohy- 
drate modification of LH molecules with associated 
changes in the metabolic clearance rate of LH” and 
alterations in the kinetics of GnRH action and/or go- 
nadotroph secretory responses, which result in a de- 
creased secretory burst duration. In the midluteal 
phase, progesterone concentrations were related to the 
mass of LH released after the second GnRH pulse. 
Thus progesterone also may influence the self-priming 
actions of GnRH. 
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The half-lives reported for endogenous LH corre- 
spond to half-lives of LH (calculated from stable met- 
abolic clearance rates) of 123 minutes,’® 136 minutes,'® 
and 112 minutes,” assuming a 3.5 L distribution vol- 
ume for LH. Thus our LH half-life values of 60 to 120 
minutes agree with independently estimated values ob- 
tained by steady-state infusion of various exogenous 
LH preparations. It should be noted that the decon- 
volution model used in this study provides estimates of 
LH half-life under steady-state conditions (or approx- 
imately its slower second component rate constant in 
nonequilibrium studies) and does not reflect acute dis- 
tribution coefficients (initial equilibration half-times af- 
ter bolus injection), which could be calculated with even 
more rapid sampling. This observation presumably re- 
flects the fact that LH distribution is virtually complete 
between consecutive (10-minute) sample observations. 
Moreover, our results do not disagree with those of 
Wehmann et al., who showed a moderate increase in 
metabolic clearance rate (or decrease in half-life) in the 
luteal phase. 


We thank Sandra Jackson and the nursing staff at 
the Clinical Research Center for their expert patient 
care and Catherine Kern and Ginger Bauer for tech- 
nical assistance with the assays. 
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Universal urine testing for cocaine, amphetamines, and opiates was performed on 1643 women admitted 
to an obstetric service for a 1-year period with 20.5% having positive results. There were 299 patients with 
positive toxicology results matched for race and discharge date with patients having negative toxicology 
and drug history. Significant differences in age, prior obstetric history, prenatal care, alcoho! history, and 
smoking were ncted between groups. There was a significant decrease in birth weight, head 
circumference, length, and gestational age for the drug-positive group, which was most marked in cocaine 
and multiple druc users. These differences persisted after we controlled for smoking, prenatal care, and 
prior preterm births. Differences in birth weight and head circumference remained after we controlled for 
gestational age. Rates of congenital anomalies and abruptio placental were similar between groups. 
Perinatal substance abuse is independently associated with growth retardation and prematurity. Multiple 
risk factors are frequently present, necessitating a comprehensive approach to prenatal care. (AM J OBSTET 


GYNECOL 1990;163:1535-42.) 


Key words: Perinatal substance abuse, cocaine, amphetamines, opiates, low birth weight 


Perinatal chemical use appears to be increasing dra- 
matically throughout the United States. Obstetric care 
providers are being confronted with increasing num- 
bers of women who are using chemical substances dur- 
ing pregnancy. Pediatricians are also encountering in- 
creasing numbers of newborn infants with evidence of 
intrauterine exposure to maternal chemical use. 

There are many forms of perinatal chemical use. 
Improper or abusive use of legal chemicals such as 
alcohol and cigarettes is common and legally tolerated. 
The misuse of controlled chemicals such as sedatives, 
cocaine, amphetamines, marijuana, and narcotics is fre- 
quently encountered and appears to be increasing. The 
use of illegal chemicals (those with no medically sanc- 
tioned uses) such as crack cocaine, crystal amphet- 
amine, PCP, and LSD has been less apparent during 
pregnancy until tne past decade. 

The complications that have been reported with the 
perinatal use of these chemicals include: low birth 
weight, prematurity, stillbirth, abruptio placentae, fetal 
distress, cerebral infarctions, congenital malforma- 
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tions, neonatal toxicity and withdrawal, sudden in- 
fant death syndrome, and neurobehavioral abnormal- 
ities. '® However, these complications are not limited to 
or specific for chemical use. There are numerous con- 
founding factors such as smoking, alcohol use, limited 
or no prenatal care, low socioeconomic status, or poor 
reproductive history present in many of the pregnan- 
cies that involve chemical use. These confounding fac- 
tors are recognized to be associated with many of the 
same complications that have been reported w:th chem- 
ical use alone. Previous studies of perinatal chemical 
use have been limited in their ability to evaluate the 
contribution of confounding factors to adverse peri- 
natal outcome. Limited patient numbers and inability 
to identify the chemical use status of all patients in the 
study population have interfered with analysis of the 
impact of confounding factors. 

The accurate assessment of the extent of perina- 
tal chemical use, its impact on perinatal outcomes, 
and the interplay with confounding factors requires 
population-based data. Without such information, ap- 
propriate decisions cannot be made regarding alloca- 
tion of resources and areas of emphasis for patient 
identification, intervention, and follow-up programs. 

This study investigates chemical use in an cbstetric 
population based in an urban perinatal center. All pa- 
tients underwent urine testing for cocaine, amphet- 
amines, and opiates at the time of obstetric admission. 
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Differences in demographic and historical factors, peri- 
natal outcome, and the effect of confounding factors 
are analyzed. 


Methods 


The Perinatal Unit of the University of California, 
Davis, Medical Center (UCDMO) is a tertiary obstetric 
center providing primary services in the Sacramento 
area, as well as referral services for northern California. 
The obstetric population at UGDMC is primarily ur- 
ban; 93% have Medi-Cal (Medicaid) or no insurance 
coverage. Transfers from other hospitals for acute peri- 
natal complications account for approximately 10% of 
patients. The patients are ethnically diverse; 46% are 
white, 21.8% Hispanic, 21.7% black, 5% Asian, and 
5.5% various other groups. j 

Since November 1987 all women admitted to the Ob- 
stetrics Service at UCDMC have been routinely tested 
by a urine toxicology screen, which included assays for 
cocaine, amphetamines, and opiates. Newborn infants 
admitted to the nurseries at UCDMC are similarly 
tested if the mother’s toxicology screen is positive or if 
the infant demonstrates evidence of chemical effects or 
withdrawal. The results are used to provide appropri- 
ate medical and social'services. Mother-infant pairs test- 
ing positive for the above receive a social services eval- 
uation. A Child Protective Services evaluation is per- 
formed as deemed necessary by social services or the 
pediatrician. Results are not reported to criminal au- 
thorities. 

All toxicology screens on mothers and infants are 
performed by the UCDMC Toxicology and Drug Anal- 
ysis Laboratory. Initial testing for cocaine, amphet- 
amines, and opiates is performed by homogeneous en- 
zyme immunoassay technique (EMIT d.a.u.; Syva Com- 
pany, Palo Alto). The specificity for the major metab- 
olite of cocaine, benzoylecgonine, is 99% at concentra- 
tions of 0.3 pg/ml. The detection of amphetamines and 
methamphetamines is confirmed by gas chromatogra- 
phy equipped with a nitrogen-phosphorus detector. 
The EMIT assay is quite specific for opiates but does 
not distinguish between morphine and other opiates. 
Cases were excluded if the patient tested positive for 
opiates only and had received any opiate-containing 
medications before collection of the urine sample. 

Detailed patient information was retrospectively ob- 
tained through chart review and from computerized 
discharge data. Between Dec. 1, 1987, and Nov. 30, 
1988, 2028 patients were discharged from the UCDMC 
Obstetrics Service. Of these, 1643 (81.1%) had a doc- 
umented result available from urine testing for cocaine, 
amphetamines, and opiates. Cases were excluded if the 
patient was discharged antenatally and delivered else- 
where. 

The control group was selected from women with 
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both a negative toxicology screen and drug history who 
were delivered at UCDMC during the time of the study. 
They were matched with toxicology-positive patients 
for race and nearest discharge date. The drug history 
was taken from the patient’s prenatal chart and on ad- 
mission by the admitting physician. If a history of cur- 
rent or past use of opiates, cocaine, amphetamines, 
marijuana, or other illicit chemicals was noted, the pa- 
tient was excluded from the control group and another 
patient was selected. 

Statistical analysis of continuous variables was per- 
formed with Student’s ¢ test with analysis of variance 
and Bonferroni's ¢ test for multiple comparisons. For 
categorical variables, the x* test or Fisher’s exact test 
was used with the Bonferroni correction for multiple 
comparisons. Case and control Apgar scores were com- 
pared by the Wilcoxon two-sample rank sum test spe- 
cialized to grouped data. Multiple regression with anal- 
ysis of covariance was used to control for confounding 
factors. 


Results 


A total of 379 patients had positive urine toxicology 
screens out of 2028 total obstetric admissions and 1643 
patients tested with known laboratory results. Charts 
were available for review on 348 of the toxicology- 
positive patients. Forty patients were subsequently ex- 
cluded because they had received opiate-containing 
medication before collection of the urine sample, which 
was positive only for opiates. An additional patient was 
excluded because of suspected mislabeling of the initial 
positive specimen with a negative repeat screen. Thus 
there were 338 (20.5%) patients with positive urine tox- 
icology screens out of 1643 screened admissions and 
after the above exclusions. 

Charts were available for review for 307 patients with 
“true-positive” results. Eight patients were excluded 
from obstetric and neonatal outcome analysis because 
they were discharged antenatally and delivered else- 
where. Of the remaining 299 patients, 12 were dis- 
charged undelivered and returned to be delivered on 
a subsequent admission. Six of these had negative tox- 
icology screens on the subsequent delivery admission. 
These 12 patients were included in the statistical 
analysis. 

The control group consisted of 293 patients with both 
negative toxicology screens and drug histories, matched 
with the toxicology-positive patients for race and near- 
est discharge date. Ninety-eight patients with negative 
toxicology screens gave a history of prior drug use and 
were therefore excluded during the control selection 
process. Three potential control group patients with 
negative toxicology screens were excluded because 
their infants had positive toxicology screens, two for 
cocaine and one for amphetamines. 
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Table I. Maternal age and obstetric history 


Total 


Age (yr) (n = 591) 23.5 25.17 25.5% 25.27 25.5 PF os 

Gravidity 2.8 4.2* 4.3* At 4.2ł 5” 
(n = 586) 

Term (n = &86) Ld 13% 1.8% n.7” 1.4 1.97 

Preterm (n = 586) 0.11 0.28* 0.267 0.23 0.42f 0.40* 

Spontaneous abor- 0.30 0.42ł 0.41 0.41 0.58 0.40 
tion (n = 586) 

Induced abortion 0.39 0.78* 0.78* 0.60 0.79 A a 
(n = 586) 

Living (n = 586) 1.1 1,97 1.7* 1.6 ar si 


Values are means. 
*p < 0.01, comparison with controls. 
tp < 0.05, comparison with controls. 


Toxicology results. Cocaine alone was the most 
common cause of a positive toxicology screen, be- 
ing detected in 139 patients (46% of positives). 
Amphetamine-methamphetamine alone was found in 
106 patients (35%). More than one of these chemicals 
were detected in 35 patients (12%), while only 19 pa- 
tients were found to be positive for opiates alone. 

Age. The mean age was 25.7 years for study patients 
versus 23.5 years tor controls (p < 0.001) (Table I). It 
is of interest that the users of multiple drugs had the 
highest mean age at 27.1 years. 

Obstetric history. There were significant differences 
(p < 0.05) between study and control patients for gra- 
vidity, preterm births, abortions (both induced and 
spontaneous), ard number of living children (Table I). 
The difference in gravidity persisted even after control 
for differences in maternal age (p < 0.001). When pri- 
migravid women were excluded, there were no signif- 
icant differences between the groups for the propor- 
tion of preterm births or spontaneous or induced abor- 
tions to prior pregnancies. There was a trend that did 
not reach statistical significance (p = 0.13) for an in- 
creased proportion of preterm births in the drug- 
positive group. 

Race. Study patients and controls were matched for 
race. The toxicology-positive patient group comprised 
44% blacks, 42% whites, 10% Hispanics, and the re- 
mainder either “cther” or unknown ethnic definitions. 
This represents a significant disparity from the racial 
distribution of the total UCDMC obstetric population, 
which consists of 22% blacks, 46% whites, 22% His- 
panics, and 5% Asians. There were significant racial 
differences between the users of the different types of 
chemicals (Fig. 1) 

Marital status. Marital status was assigned as single, 
married, separated, or divorced. There was a differ- 
ence approaching significance (p = 0.05) between the 
study patients and controls with these categories. There 


was a significant difference between cases and controls 
(p < 0.02) in married versus unmarried status. Cocaine 
and multiple chemical users were least likely to be 
married. 

Prenatal care. The majority of patients studied re- 
ceived their prenatal care in the UCDMC Obstetrics 
Clinic (53.2% of study patients and 73.3% of controls). 
There was a highly significant difference (p < 0.001) 
between the two groups in failure to obtain prenatal 
care (Table II). The group of opiates-only patients re- 
ceived the greatest amount of prenatal care. In this 
group 42% received methadone treatment. The daily 
contact with their treatment center facilitated their 
compliance with prenatal care. 

Cigarette smoking. There was a high incidence of 
cigarette smoking reported among all patients. The dif- 
ference between toxicology-positive patients and con- 
trols, however, was significant. Multichemical users had 
the highest incidence of smoking (Table III). 

Alcohol use. The true level of alcohol use in our 
patient population was not ascertained because testing 
was not performed for alcohol and detailed informa- 
tion concerning quantity and frequency was not re- 
corded in a significant number of charts. However, 
37.3% of toxicology-positive patients reported alcohol 
use, compared with 10.6% of controls. This repre- 
sented a statistically significantly different level of self- 
reported use. Cocaine and multichemical users were 
more likely than amphetamine users to report alcohol 
use (Table III). 

Drug history. There was substantial denial of chem- 
ical use among the toxicology-positive patients. Denial 
of any chemical use at any time was obtained from 38.5% 
of these women (Table III). It is important to note that 
25% of the women with a negative toxicology test re- 
ported chemical use before or during the index preg- 
nancy. 

Pregnancy complications. The incidence of pre- 
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Fig. i. oupas of ethnic backgrounds of amphetamine, cocaine, opiate, or multiple substance 
users as detectéd by urine toxicology screen on admission to the obstetric service and the overall 


' obstetric population. . 


Table II. Prenatal care by group and category 














Opiates 
(n = 19) 
(%) ° 


Amphetamines 
(n = 106) 
(70) | 






Multichemicals 
(n = 35) (%) 





' Ist trimester 13 vhs "6 | 6 O 2] 
2nd trimester 135 24 25 18 | © 26 47 
3rd trimester 30 ZO x v Tal 27 20 al. 
None oe Coe 38t 40, * 407 ` 40f I] 
Unknown onset Il. 6 9. ae 3 0 


*p < 0.05, comparison with controls. 
tp < ie comparison with controls. 


Table III. Smoking alcohol, and drug history 





Smokers (n = 592) 


Alcohol ; | 
Pregnancy PO 11 37* 
(n = 584) ` | 

Drug history — 

Pregnancy $ l 52 
Past only (n = 297) f -0 


*# < 0.001, comparison with controls. 
tp < 0.05, ‘comparison ‘with controls. 


Controls Cases Cocaine Amohia Opnate 
HE %) (%) (%) (7) ( %) 
a g0% n 





Multichemicals 
(%) 





94 
994 u a . 46* 
42 68 o 57 
6. 10 14 


n ‘ 
tf at . 
A. 


+All patients with drug history excludes during control selection process. 


‘mature labor was significantly increased in the 
‘chemical-positive group as compared with the 
chemical-negative group (p < 0.006). The incidence of 


. premature labor was highest in cocaine and multiple ` 


chemical users. 
The incidence of premature rupture of membranes, 


. .abruptio placentae, intrauterine fetal death, and fetal 


distress was not significantly different between the two 
groups. Although cocaine and multiple chemical users 
had more frequent occurrences of these complications, 
the differences were not statistically significant on com- ` 

parison with ‘control patients (Table IV). Congenital . 
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Table IV. Pregnancy complications 









Complication 





Preterm labor 
Premature rupture 
of membranes 


Abruptio pla- 0.7 1.3 
cental 

Intrauterine fetal 1.4 2.0 

. death 

Fetal distress 5.5 7.0 

Congenital anom- 2.7 2.0 


alies 


tp < 0.001, comparison with controls. 


Table V. Method of delivery 











Method 


Spontaneous 83 
vaginal 
Primary cesarean 1] 7 
section 
Repeat cesarean 3 4 
section 
Forceps 2 3 
Vacuum 1 I 
Vaginal breech l 2 


Amphetamines 
(n = 106) 


Amphetamines 
(n = 106) 
(%) 


Soe 
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Cocaine 
(n = 139) 
(%) 


Multschemicals 
(n = 35) (%) 





20.0 

9 0.7 0 aot 
2.2 0 8.6 

7 8.6 5.3 11.4 
9 3.0 0 2.9 












Cocaine 
(n = 139) 
(%) 


Optates 
(n = 19) 
(%) 






Multichemicals 
(n = 35) (%) 


84 86 74 77 

af 8 16 3 
5 4 5 s 
2 0 5 € 
] l 0 Q 
2 l 0 S ka 


*p < 0.05, comparison with controls (Bonferroni correction applied, Fisher’s exact test). 


anomalies were not increased in the toxicology-positive 
group. One case of hypospadias was noted in each of 
the amphetamine group and the control group. 

Method of delivery. There was no ‘significant 
difference in delivery method between toxicology- 
negative and toxisology-positive groups (Table V). 
There was a difference when chemical categories were 
analyzed separately (p < 0.01), with an increase in 
breech vaginal delivery among multiple chemical users. 

Birth outcomes. Birth weight, length, head circum- 
ference, and gestational age were significantly lower in 
the toxicology-positive group as compared with the 
negative group. This difference was most marked in 
the cocaine and multiple chemical users. The group 
that was positive for opiates alone had outcomes that 
were similar to those of controls (Table VI). 

The difference persisted for birth weight, length, 
head circumference, and gestational age when differ- 
ences in prenatal care, smoking, and prior preterm 
births were controlled (Table VII). With control for 
gestational age, significant differences remained be- 
tween groups for birth weight and head circumference. 
With analysis of covariance, there was a significant in- 
teraction between group and gestational age (Fig. 2). 

Low birth weight (<2500 gm) and prematurity (<37 


weeks) were significantly increased in the tox:cology- 
positive group (p < 0.002). Low birth weight at term 
(237 weeks) was also increased in the toxicology- 
positive group (p < 0.01). These differences persisted 
in the cocaine and multiple chemical groups when these 
groups were analyzed separately. Case Apgar scores 
tended to be lower than control scores at 1 and 5 min- 
utes ( = 0.08 and p = 0.025, respectively). 


Comment 


Most previous studies of perinatal chemical use have 
reported data from risk- or complication-directed tox- 
icology testing. Selective screening by any criteria has 
the inherent risk of underdetection of the toxicology- 
positive group and consequent misrepresentation of 
the perinatal results and complications related to chem- 
ical use. Additionally, the influence of confounding fac- 
tors is impossible to assess with selective testing since 
the population is not defined and the distribution of 
all potential factors of influence is not known. 

This study examines the prevalence. of cocaine, am- 
phetamine, and opiate use, detected by universal urine 
testing in a defined obstetric population. The criteria 
for testing were simply admission to the Obstetrics Ser- 
vice at UCDMC. The majority of women were in labor., 
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Table VI. Perinatal outcome 
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Birth weight (mean, 3165.6 2785.8* 
gm) (n = 583) 
Length (mean, cm) 

(n = 565) 
Head circumference 33.5 
(mean, cm) 

(n = 569) 
Gestational age (ob- 
stetric) (mean, 
wk) (n = 591) 
Gestational age (pe- 
diatric) (mean, 
wk) (n = 564) 

Premature birth 
(<37 wk) (%) 
Low birth weight 

(<2500 gm) (%) 


47.0* 
veo 


37.2" 


38.07 


27* 


26* 


* < 0.01, comparison with controls. 
tp < 0.05, comparison with controls. 


Table VII. Multiple regression analysis— Regression coefficients and p values 


Regression Regression 
p coefficient p coefficient . E 


Regression 
Variable coefficient 
Constant 3241 
Toxicology — 300 <0.001 
positive (0,1) 
Smoking (0,1) — 129 0.061 
Prior preterm birth — 250 <0.001 
Trimesters of pre- cae 0.745 


natal care 


The peripartum chemical use rate was 20.5%. Nineteen 
percent of patients admitted to the Obstetrics Service 
did not have a toxicology result available for reasons 
such as failure to provide a urine sample before deliv- 
ery, lack of patient cooperation, refusal to provide 
urine, and lost specimens. Even in the unlikely event 
that all of these patients had had negative results, the 
peripartum prevalence rate would have been 16.6%. 
We suspect that the positive rate of the untested patients 
was at least equal to the group for which test results 
were available. 

This study confirms previous suggestions that a drug 
history alone is not accurate for identifying chemical 
use among pregnant women. Almost half of the women 
with positive tests denied chemical use during preg- 
nancy. 

One limitation of this study is that chemical use was 
ascertained from a test on one occasion, linked to hos- 
pital admission. Some “controls” might have used co- 
caine, amphetamines, or opiates earlier in pregnancy. 
Testing for marijuana was not performed because of 
limited laboratory capabilities and cost considerations. 


294.77 2682.6* 3026.7 2575.0* 
48.0 46,.3* 49.3 45,9% 
32.87 31.9* 33.4 32.2+ 
37.8 36.9% 38.7 36.1* 
38.1 37 87 39.1 37.5 
19 32* 16 4Q* 
17 30% 16 36* 

Length 


33.8 49.2 
-1.0 <0.001 -1.3 0.008 
-0.4 0.078 —0.9 0.064 
-0.8 <0.001 -1.5 <0.001 
0.0 0.830 0.2 0.464 


If testing for marijuana, nicotine, and alcohol were 
added, it is virtually certain the number of positive tests 
would have increased significantly. While we believe the 
use of other potent chemicals such as LSD, PCP, and 
prescription drugs is relatively low in our population 
these drugs are certainly not absent. : 

Although cocaine use is spreading rapidly through- 
out the United States, amphetamine use is recognized 
to be more characteristic of the West Coast and of 
northern California in particular. Local manufacture 
of amphetamines is common in northern California. 
The drug is often used as an alternative to cocaine and 
generally appears to supplant cocaine use in our pop- 
ulation. With the recent introduction of crystal meth- 
amphetamine (“ice”), it is anticipated that more wide- 
spread use of amphetamines will occur throughout the 
United States. 

This study demonstrated significant differences in 
several demographic factors between the toxicology- 
positive and toxicology-negative groups of pregnant 
women. Chemical-pasitive women were older, were of 
higher gravidity, and had much less prenatal] care than 
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Fig. 2. Relationship of birth weight and gestational age in control patients (toxicology screen and 
drug history negative) and cases (toxicology screen positive). 


the control patients. It appears from these data that 
these patients are no: simply young, vulnerable, and 
inexperienced women who are casually experimenting 
with these chemicals. The greater mean age and parity, 
compared with those of the control group, suggest the 
possibility of a more chronic or long-standing pattern 
of chemical use in these women. Progression to cocaine 
and amphetamine usuzlly occurs after a period of al- 
cohol, cigarette, and marijuana use.’ The pattern of 
progressive chemical use suggests that many of these 
women who are identified as cocaine or amphetamine 
users today may progress to the use of narcotics to 
counteract the intense Lighs of cocaine and amphet- 
amines. 

The differences in smoking and alcohol use between 
the two groups were remarkable. Smoking proved to 
be the single finding most strongly correlated with a 
positive urine toxicology result. It is highly likely that 
the actual use of alcohol among all groups was sub- 
stantially greater than reported by patients. Many 
women recognize that alcchol should be avoided dur- 
ing pregnancy. The degree of denial for cocaine, am- 
phetamine, and opiate use among toxicology-positive 
patients suggests that the same situation exists with the 
reporting of alcohol use. 

There were significant variations in race among the 
toxicology-positive patients when analyzed by the drug 
for which they were positive. These racial differences 
in the “drug of choice” are likely to be regional and 
may vary widely. 

The finding that toxicolozy-positive patients were 


less likely to be married has important implications. A 
large number of chemically positive mothers are likely 
to be parenting alone or with inconsistent support from 
partners. We were not able to evaluate the level of fam- 
ily support available to these women, but these findings 
suggest a need for greater social and economic support 
Services. 

Although factors that place the pregnancy at risk 
such as smoking, limited prenatal care, and prior pre- 
term births were increased in the toxicology-positive 
group, there remained a significant direct adverse ef- 
fect of substance abuse on birth weight, head circum- 
ference, length, gestational age, and Apgar scores. For 
length and Apgar scores, this effect appeared to be 
mediated through the decreased gestational age. How- 
ever, for birth weight and head circumference, there 
was a decrease that was independent of gestational age. 
This difference in birth weight increased with gesta- 
tional age. It appears that head circumference is not 
spared with the growth retardation associated with 
chemical abuse. 

The incidence of premature rupture of the mem- 
branes did not statistically increase in the toxicology- 
positive group. This supports the theory that the mech- 
anism for premature labor associated with chemical use 
is related to increased uterine irritability in association 
with vascular spasm or a direct effect on myometrium 
instead of an infectious cause. Abruptio placentae was 
not increased significantly, in contrast to some previous 
reports.* ê Reports that have demonstrated such an in- 
crease have used selective screening, possibly under- 


1542  Gillogley et.al. 


roy 
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Vey : 
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T representing the incidence of substance abuse in thè.. 
Le general obstetric population. Alternatively, the failure. 

` to'detect an increase in abruptio placentae’ ‘in our study i 
-and another population study“ imay | cbe.a type‘II- error ` 


- „resulting from the low frequency of the complication 
`- in.either: group.” . 


The incidence bE fonda! anomalies was similar in’ 


s the twò groups. Previous studies have reported con- 


flicting results. Zuckerman et al.’ found a marked in-. 


crease in major or multiple anomalies in cocaine users, 
-without an increase in overal] incidénce of anomalies. 
Neerhof et al.2found no increase in anomalies i in infants 


oe ‘exposed. to cocaine only but did find an increase with 
exposure to multiple substances. Others® have found — 


an increase in genitourinary anomalies with first- 
trimester cocaine use. No increases in such anomalies 
were noted in this study. Neonatal renal_ultrasonog- 
raphy was not performed routinely; however, antenatal 


ultrasonography was performed i in the majority of pa- 


` tients receiving prenatal care. 


The findings in this study have eevee important 
therapeutic implications. Because chemical: use has an . 


independent adverse effect on pregnancy outcome, 
identification and intervention early in. the pregnancy 


offer the mother and fetus the greatest potential for a- 
good pregnancy outcome.* '' Women engaging in peri-. 


natal chemical.use often have additional risk factors 


such as smoking, alcohol.use, and prior preterm birth. | 
_ These need to be addressed in a comprehensive fashion 
during obstetric care. Patient education should includé . 


information about the warning signs of preterm labor 
and instruction for self-palpation of uterine. contrac- 
tions.’* Serial ultrasonography should be used to eval, 


uate fetal anatomy and ‘growth. Antenatal fetal ee 


is used for the usual obstetric indications. 

Although not addressed in this study, decreased 
pregnancy weight gain: has been reported in cocaine 
and marijuana users.' Birth weight and gestational age 
were increased in a group of women with poor weight 
. gain who were subsequently enrolled in an intensive 
nutrition intervention program, on comparison with a 


similar group of controls receiving routine prenatal — 


care.” Thus intense nutritional surveillance and edu- 
cation should be a part of the obstetric manAR of 
the pregnant substance abuser. 


In summary, with, universal urine toxicology testing 
on admission to an obstetrics service, we documented: 
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‘a significant level of cocaine, amphetamine, and opiate 
use. Smoking, limited prenatal care, alcohol use, and 


prior. preterm births were significantly. increased in this 


group of women, placing the pregnancy at risk for 
- _ complications i in addition to the direct effects of chem- . 
ical use. An independent, adverse effect of these chem- 


icals on fetal size and gestational age at delivery was 


_ found. The effect on fetal size appears to be mediated 


through both preterm birth and growth retardation. 


ó ‘Comprehensive outreach, identification, and treatment 


prógrams are required tò prevent the O baa of 


7 perinatal chemical use. 


We thank: Sunny Eidson, Elizabeth Perry, Carolyn 
Hughes, and Gary Hughes. for their assistance. 
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Prenatal diagnosis of fetal intracranial calcifications 


Yasutsugu Koga, MD, Masahiko Mizumoto, MD, Yoshinori Matsumoto, MD, 
Tetsuo Hattori, MD, Shinichi Tanaka, MD, Toshinobu Tanaka, MD, and 


Seiichiro Fujimoto, MD 
Sapporo, Japan 


A case is presented wherein fetal intracranial calcifications as a result of intrauterine cytomegalovirus 
infection were visualized by computed tomography and magnetic resonance imaging at 36 weeks’ 
gestation. Diagnosis of in utero cytomegalovirus infection was made by isolation of the virus from amniotic 
fluid. No symptomatic abnormality has been noted in the neonatal period except periventricular 


calcifications. (Am J OBsTeET GYNECOL 1990;163:1543-5.) 


Key words: Intracranial calcification, congenital cytomegalovirus infection, fetal cranial 
computed tomography and magnetic resonance imaging, prenatal diagnosis 


Fetal intracranial calcifications are rare findings and 
are difficult to clarify by antenatal ultrasonography. We 
present a case in which periventricular calcifications as 
a result of intrauterine cytomegalovirus infection were 
clearly visible by fetal cranial computed tomography 
and magnetic resonance imaging. 


Case report 


A 29-year-old Japanese woman, gravida 2, para 
2, was referred to our clinic at 36% weeks’ gesta- 
tion because a previous ultrasonographic examination 
performed elsewhere had identified ventriculomegaly. 
The course of pregnancy had been uneventful and, 
in particular, there was no history of fever, rash, and 
malaise. 

Our ultrasonogram revealed a single fetus with biom- 
etry that was consistent with gestational age. Intracra- 
nial scans showed bilateral dilatation of the lateral ven- 
tricles. Although small areas close to the periventricular 
wall appeared hyperechogenic, we could not discrim- 
inate between calcifications and artifacts. To confirm 
whether calcifications existed, we performed cranial 
computed tomography and magnetic resonance im- 
aging of the fetus. 

Computed tomography visualized discrete high- 
density spots scattered along the periventricular wall 
(Fig. 1). On magnetic resonance imaging, a high- 
intensity area formed on part of the wall of the left 
lateral ventricle with dilatation was clearly visible by 
means of T,-weighted images (600 msec repetition- 
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time, 15 msec echo-time) (Fig. 2). Both findings were 
diagnosed as foci of calcifications. An intrauterine cy- 
tomegalovirus infection was thought to be the most 
likely cause of these images. 

On maternal serologic screening for infections, the 
hemagglutination inhibition test for rubella was pos- 
itive at 1:8, and both toxoplasma immunoglobulin 
(Ig) G and IgM antibodies were negative by fluores- 
cent antibody technique. The cytomegalovirus titer 
with enzyme-linked immunosorbent assay (ELISA) was 
IgM-negative and IgG-strongly positive. Transabdom- 
inal amniocentesis performed for a viral culture yielded 
a positive culture for cytomegalovirus. 

At 39% weeks’ gestation a 3020 gm male infant with 
an Apgar score of 8 at 1 minute was delivered by in- 
duction of labor. Bilateral dilatation of the lateral ven- 
tricles and periventricular calcifications were verified 
in the neonate by computed tomography, but no other 
abnormalities such as hepatosplenomegaly, hyperbili- 
rubinemia, petechial rash, microcephaly, or chorioret- 
initis were noted. Both IgG and IgM antibodies for 
cytomegalovirus with enzyme-linked immunosorbent 
assay were positive in the cord blood, and intrauterine 
cytomegalovirus infection was identified on the basis of 
viruria detected at birth. At 12 months of age the infant 
showed signs of psychomotor retardation with a spastic 
tetraplegia. 


Comment 


Cytomegalovirus is known to be one of the main 
causes of congenital infections. Although 95% of preg- 
nant Japanese women are immune to cytomegalovirus, 
the incidence of intrauterine cytomegalovirus infection 
in Japan is about 0.5%, similar to that reported in Eu- 
rope and America.’ 

Clinical features of congenital cytomegalovirus in- 
fection vary, ranging from a silent infection to classic 
cytomegalic inclusion disease. Periventricular calcifi- 
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Fig. 1. Fetal cranial computed tomography. Enlargement of left lateral ventricle (V) and discrete 
high-density spots (arrows) scattered along periventricular wall are clearly visible. 





Fig. 2. T -weighted magnetic resonance imaging (600 msec repetition-time, 15 msec echo-time) of 
§ g ging 


fetal brain. High-intensity area (arrow) forms part of wall of left lateral ventricle with dilata- 
tion (V). 
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cations, characteristic of severe congenital cytomega- 
lovirus encephelitis, are frequently observed with mi- 
crocephaly. Besides cerebral calcifications, in our case 
the infant manifested not only microcephaly but other 
clinical features of symptomatic congenital cytomega- 
lovirus infection in the neonatal period. Therefore the 
neonate probably would be recognized as a healthy 
newborn infant if intrauterine cytomegalovirus infec- 
tion was not prenatally proved. 

It is possible that prenatal diagnosis of congenital 
cytomegalovirus infection can be made by recovery of 
the virus from amniotic fluid.? At present there are a 
few reports in the literature that describe the isolation 
of cytomegalovirus from amniotic fluid. However, we 
are not aware of a case previously reported in which 
fluid from an amniocentesis performed on a pregnant 
woman without a symptomatic cytomegalovirus infec- 
tion because of fetal periventricular calcifications was 
positive for cytomegalovirus, as was found in this case. 

Fetal cerebral calcifications are very difficult to iden- 
tify with ultrasonography because flecks of calcifications 
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are too-small to cause acoustic shadowing. In our case, 
fetal cranial computed tomography visualized foci of 
periventricular calcifications. On magnetic resonance 
imaging, T’\-weighted images clearly showed an area of 
high intensity along the periventricular wall, although 
magnetic resonance imaging is generally unfavorable 
to show calcifications because of the low proton density 
of calcium. 

On the basis of our experience, the combination of 
feta] intracranial ultrasonography and magnetic reso- 
nance imaging is of clinical value to establish a less 
invasive diagnosis of cerebral calcifications. 
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Inhibition of aromatase activity by 8-bromo-cyclic adenosine 
monophosphate i in cultured first- trimester human trophoblast 


. Marie R. Rodway, MSc, Basil Ho Yuen, MB, and Peter C. K. PENDE; PhD 


Vancouver, British Columbia, Canada 


We have previously shown that 8-bromo-adenosine-3’ :5'-cyclic monophosphate inhibits production of 
estradiol from androgen precursors in trophoblast isolated from term placentas. In these experiments we 
sought to evaluate the effect of 8-bromo-adenosine-3’ :5’-cyclic monophosphate on aromatase activity in 
first-trimester trophoblast culture. Trophoblast cells were enzyme dispersed from first-trimester placentas 
and purified on a Percoll gradient. On the third and fourth day after dispersion cultures were treated with 
` androstenedione or testosterone with and without 2 mmol/L 8- bromo-adenosine-3’ :5’-cyclic ` 
monophosphate. The quantity of estradiol, estrone, progesterone, human placental lactogen, and human 
chorionic gonadotropin was determined by radioimmunoassay. We concluded that in first-trimester 
trophoblast, as previously reported in term trophoblast, 8-bromo-adenosine-3’ :5’-cyclic monophosphate. 
inhibited the production of estradiol from the supplied androgen precursors. Human chorionic gonadotropin 
and human placental lactogen production was stimulated by 8- bromo-adenosine-3' :5’-cyclic ` . 
monophosphate. Progesterone production was either stimulated or was unchanged by the presence of 
§-bromo-adenosine-3’ :5’-cyclic monophosphate. (Am J OBSTET GYNECOL 4990;163:1546-51.) ` 


Key words: Placental cell culture, aromatase, cyclic adenosine monophosphate, trophoblast 


During pregnancy the placenta is the primary site of 
estrogen synthesis after the first trimester. The placenta 
- is deficient in C,,.9-lyase and 17a-hydroxylase, and is 

therefore dependent on androgen synthesis, primarily 
‘in the fetal compartiment, for precursors that are aro- 
matized to estrogens in the placenta. 

Cyclic adenosine monophosphate is a well-known 
second messenger that affects hormonogenesis in cul- 
tured trophoblast. Stimulation’? or inhibition** of aro- 
matase activity has been reported in response to cyclic 
adenosine monophosphate treatment of trophoblast in 
culture. . 

Cyclic adenosine monophosphate also affects the 
production of human chorionic gonadotropin (hCG), 
progesterone, and human placental lactogen (hPL). 
The production of hCG in cultured cells is stimulated 
by treatment with cyclic adenosine monophosphate,** 

. as is the production of progesterone.* ** Production of 
hPL by cultured cells has been reported to be stimu- 
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lated,®™ ° inhibited,™*" or unaffected” by the presence 
of cyclic adenosine monophosphate. 

Hormone production and regulation of this produc- 
tion in the trophoblast is believed to be dependent on 
the gestational age of the placenta.” Some studies have 
sought to determine the effect ‘of cyclic adenosine 


. monophosphate in cell cultures prepared from first- 


trimester placentas. Human chorionic gonadotropin 
production -was stimulated by cyclic adenosine mono- 
phosphate in cultured cells from first-trimester pla- 
centas.” ” | 
In this study we examined the effect of 8-bromo- 
adenosine-3’ : 5’-cyclic monophosphate (8-br-cAMP) on 
the production of estradiol and estrone from androgen 
(androstenedione, testosterone) precursors in first- 
trimester human trophoblast cell cultures. For com- 
parison, the effects of 8-br-cAMP on hCG, hPL, and 
progesterone output by the cells were also determined. 


Methods and material 

Trophoblast cells were prepared according to the 
method of Kliman et al. with some modifications. Tis- 
sue was collected immediately after vacuum aspiration. 
Membranes were excluded and trophoblast tissue was 
finely minced and digested in Hanks’ balanced salt 
solution (Gibco Laboratories, St. Lawrence, Mass.) 
containing 0.25% trypsin (Gibco) and 500 U/dl of de- 
oxyribonuclease type I. (Sigma Chemical Company, 
St. Louis) at 37° C for five 10-minute digestions. After 
each digestion the supernatant was centrifuged at 1000 
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g for 10 minutes over 1 ml of calf serum. Collected 
cells were pooled and placed on a Percoll gradient. 
Cytotrophoblast were collected and centrifuged at 1000 
g to remove Percoll and were resuspended in Dulbec- 
co’s modified Eagle medium (Gibco) supplemented 
with 10% fetal calf serum, and then counted and 
plated in 24 multiwell culture plates (Falcon, Becton- 
Dickinson, Rutherford, N.J.) at a density of 0.5 million 
cells/ml/well. Cells were cultured for 24 hours (37° C, 
5% carbon dioxide in air) and the media was then 
changed to Dulbecco’s modified Eagle medium without 
serum supplement (designated as “serum-free” cul- 
tures), or to Dulbecco’s modified Eagle medium sup- 
plemented with 10% fetal calf serum. Cultures were 
treated at 48 and 72 hours and media were collected 
at 72 and 96 hours. The medium was stored at 
~ 20° C until hormones could be analyzed by radio- 
immunoassays. Experiments were done in quadruphi- 
cate and four experiments with and without serum 
supplement were done. hCG was analyzed by means of 
8-hCG kits (Amerlex, purchased from Amersham, Ar- 
lington Heights, IIl). Estradiol, estrone, and proges- 
terone concentrations were determined by radioim- 
munoassay with antisera provided by D. T. Armstrong 
(University of Western Ontario). hPL was analyzed by 
radioimmunoassay with hPL and hPL antiserum sup- 
plied by the National Institute of Diabetes Research. 
The percentage of intraassay and interassay variance, 
respectively, was 8.4% and 12.2% for estradiol, 7.0% 
and 7.4% for estrone, 6.4% and 7.9% for progesterone, 
5.2% and 7.3% for hCG, and 6.6% and 10.4% for hPL. 
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Fig. 1. Effect of 8-br-cAMP on production of estradiol from androstenedione or testosterone by 
cultured first-trimester trophoblast in culture in presence of 10% fetal calf serum. This figure is 
representative of four experiments that produced similar results. Asterisk, p < 0.01, androgen versus 
androgen with 8-br-cAMP. 


Results 


In four experiments in which 10% fetal calf serum 
was present during the treatment period, there was an 
apparent suppression of aromatase activity in the pres- 
ence of 2 mmol/L 8-br-cAMP. In all cases there was a 
significant (p < 0.01) decrease in the conversion of an- 
drogen precursors (androstenedione and testosterone) 
to estradiol (Fig. 1). Cultures were treated 48 and 72 
hours after plating and the suppression was evident 
after the first 24 hours of exposure to 8-br-cAMP. In 
three of these four experiments a significant suppres- 
sion of estrone formation also occurred (Fig. 2). In 
serum-free cultures, this effect on the production of 
estradiol was observed in three of the four experiments 
after 24 hours’ exposure to 8-br-cAMP, but. not after 
48 hours (data not shown). Decreased production of 
estrone from androstenedione and testosterone was 
seen after 48 hours of culture in only one experiment 
(data not shown), 

Addition of 2 mmol/L 8-br-cAMP stimulated pro- 
duction of hPL. In the presence of fetal calf serum, 
this increase occurred in one of three cultures at 24 
hours and in all at 48 hours (Fig. 3). In the serum-free 
cultures, hPL was significantly increased at 24 hours in 
three of four cultures and in all cultures by 48 hours 
of exposure to 8-br-cAMP (data not shown). There was 
no apparent effect of the presence of androstenedione 
or testosterone on the production of hPL. 

8-Br-cAMP significantly stimulated production of 
hCG in the presence and absence of serum in all but 
one experiment at 24 and 48 hours of treatment (Fig. 
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Fig. 2. Effect of 8-br-cAMP on the production of estrone from androstenedione or testosterone by 
cultured first-trimester trophoblast in culture in presence of 10% fetal calf serum. This figure is 
representative of four experiments. In three of four experiments significant suppression of estrone 
formation was seen. Asterisk, p < 0.01, androgen versus androgen with 8-br-cAMP. 
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Fig. 3. Effect of 8-br-cAMP on production of hPL by cultured first-trimester trophoblast in the 
presence of 10% fetal calf serum. This figure is representative of three experiments. In the remaining 
experiments a significant stimulation of hPL production was not seen until cells had been exposed 
to 8-br-cAMP for 48 hours. Asterisk, p < 0.01, control versus 8-br-cAMP treated. 


4). Significant stimulation of progesterone production 
occurred in only two of four cultures in which 10% 
serum was used (stimulation of progesterone did not 
occur in this culture, Fig. 5) and in three of four serum- 
free cultures (at 24 and 48 hours of treatment; data 
not shown). There was no apparent effect of the pres- 
ence of androstenedione or testosterone on the pro- 
duction of hCG or progesterone. 


Comment 


As previously reported in first-trimester trophoblast 
cell cultures,“ cyclic adenosine monophosphate caused 


increased production of hCG in this study. Similarly, 
the stimulatory effect of 8-br-cAMP on hPL production 
has been reported in term placental cell culture® '° and 
has proved consistent in our study of first-trimester 
cultures prepared in the same manner.” The stimula- 
tory effect of cyclic adenosine monophosphate on pro- 
gesterone production was not as consistent in our first- 
trimester trophoblast cultures, as has been reported in 
term trophoblast cultures.® ®® 

The effect of cyclic adenosine monophosphate on 
aromatase in first-trimester placental cultures and on 
term placental cell cultures as reported previously* 7% ° 
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Fig. 4. Effect of 8-br-cAMP on production of hCG by cultured first-trimester trophoblast in presence 
of 10% fetal calf serum. This figure is representative of four experiments, three of which showed 
stimulation of hCG production in the presence of 8-br-cAMP. Asterisk, p < 0.01, control versus 8- 


br-cAMP treated. 
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Fig. 5. Effect of 8-br-cAMP on production of progesterone by cultured first-trimester trophoblast 
in presence of 10% fetal calf serum. This figure is representative of four experiments. In two 
experiments stimulation of progesterone production occurred. Asterisk, p < 0.01, control versus 8- 


br-cAMP treated. 


is in contrast to the effect seen in other cell types’? and 
in term cells prepared in a manner almost identical to 
our own.’ By use of a tritiated water release assay, Lobo 
and Bellino? found that cyclic adenosine monophos- 
phate stimulated aromatase activity in cultured term 
placental cells. Corbin et al.” showed that only one gene 
codes cytochrome P.s aromatase; consequently, only 
one cytochrome P4so enzyme is produced. This elimi- 
nates the possibility of expression of different cyto- 
chrome Piso aromatase genes in different tissues as an 
explanation for these opposing results. 


Fournet-Dulguerov et al. used highly specific anti- 
bodies and found cytochrome Piso aromatase exclu- 
sively in syncytiotrophoblast. Although marked aro- 
matase activity exists in freshly dispersed 95% pure 
cytotrophoblast,* unstimulated aromatase activity does 
increase by approximately fifteenfold from time of dis- 
persion to 48 hours after dispersion.’ It has been sug- 
gested that cyclic adenosine monophosphate acceler- 
ates “functional differentiation” from cytotrophoblast 
to syncytiotrophoblast.® Lobo and Bellino? treated cells 
24 hours after dispersion and observed a stimulation 
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of aromatase activity, which could reflect increased 
functional differentiation. Our cells were initially ex- 
posed to cyclic adenosine monophosphate 48 hours af- 
ter dispersion. Maximal morphologic syncytial forma- 
tion occurs at 72 hours.® The cells may still have been 
subject to accelerated functional differentiation on ex- 
posure to cyclic adenosine monophosphate, but under 
such conditions stimulation and not the inhibition that 
was evident would be expected. It is possible that cyclic 
adenosine monophosphate has different effects that 
are dependent on the differentiation of the tropho- 
blast. 

Ringler et al." studied the effect of 8-br-cAMP on 
production of the a subunit of hCG, hCG, and cyto- 
chrome P45) side chain cleavage enzyme messenger ri- 
bonucleic acids. They suggested that the mechanism(s) 
by which cyclic adenosine monophosphate affects hor- 
monogenesis in trophoblast cells is via activation of a 
protein kinase that phosphorylates a protein that may 
act at cyclic adenosine monophosphate response ele- 
ments in the involved genes. Evans et al.” have shown 
that in stromal adipose cells the level of messenger ri- 
bonucleic acid translation correlates with the activity of 
the aromatase system. Perhaps measurement of cyto- 
chrome Piso (aromatase) messenger ribonucleic acid in 
these cells will provide more information on the reg- 
ulation of aromatase activity by cyclic adenosine mono- 
phosphate. 

Mendelson et al.’ previously investigated the effect 
of fetal calf serum, growth factors, and phorbol esters 
on aromatase activity in human adipose stromal cells. 
They found that cyclic adenosine monophosphate stim- 
ulated aromatase activity and that fetal calf serum at- 
tenuated the stimulatory effect of cyclic adenosine 
monophosphate on the aromatase activity. Epidermal, 
fibroblast, and platelet-derived growth factors also in- 
hibited this stimulation. Phorbol esters potentiated the 
stimulatory effect of cyclic adenosine monophosphate 
on aromatase activity. Lobo and Bellino’ found that the 
presence of serum was slightly additive to the stimu- 
latory effect they observed. The presence of fetal calf 
serum in our cultures seemed to prolong the inhibitory 
effect of 8-br-cAMP on the inhibition of production of 
estradiol from androstenedione and testosterone. 

In summary, our results indicate that in first- 
trimester trophoblast, cyclic adenosine monophosphate 
stimulates hCG and hPL production but suppresses the 
production of estradiol from androgens, presumably 
at the aromatization step. These effects are also seen 
in trophoblast prepared from term placentas, thus sup- 
porting a role of cyclic adenosine monophosphate as 
an intracellular regulator of placental hormonogenesis. 


We thank Dr. David Chitayat for assistance in ob- 
taining tissue samples, and Sandra Crespo for assis- 
tance in preparing the figures. 
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A reappraisal of the need for autologous blood donation in the 


obstetric patient 


Robert L. Andres, MD, Kathleen M. Piacquadio, MD, and Robert Resnik, MD 


San Diego, California 


There has been recent interest in autologous blood donation in obstetric patients, but little attention has 
been paid to whether such programs are needed or whether the patients that will require transfusion can 
be accurately predicted. At the University of California San Diego Medical Center from July 1 to Dec. 31, 
1988, there were 2265 deliveries; 13 women (0.57%) received blood transfusions. Traditionally accepted 
risk factors were identified in 251 patients, with only four (1.6%) requiring transfusion. Among the 150 
patients delivered by repeat cesarean section, only one (0.7%) required blood. One of 27 (3.7%) multiple 
gestations, two of eight (25%) patients with placenta previa, and none of the 66 grandmultiparous women 
had transfusions. These data suggest that autologous blood donation may not be beneficial or cost 
effective when the low frequency of blood transfusions in this high-risk obstetric population and the 
difficulty in accurately predicting those likely to require transfusions are considered. (Am J OBSTET GYNECOL 


1990;163:1551-3.) 


Key words: ‘Transfusion, hemorrhage, obstetrics 


Concern over the transmission of hepatitis and hu- 
man immunodeficiency virus via the transfusion of ho- 
mologous blood products is primarily responsible for 
the interest in the autologous donation of blood. The 
number of autologous donation programs nationwide 
increased fourfold from 1974 to 1982.' The prede- 
positing of blood by obstetric patients was reported by 
Miles et al.? in 1986, and the focus of the literature 
since that time has been the issue of safety for the 
mother and fetus.*® Although the safety question has 
been addressed, the need for such a program is un- 


certain. The purposes of our investigation were to de- ` 
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Table I. Mode of delivery and the incidence of 
peripartum blood transfusion 





Transfusions 






Delivery method 


Vaginal 1750 5 0.28 
Primary cesarean 356 7 1.9. 
Repeat cesarean 150 l 0.66 
TOTAL 2265 13 0.57 


termine the frequency of blood product use in a high- 
risk obstetric service and to evaluate the utility of 
standard risk factors in identification of patients who 
require transfusion. 


Material and methods 


The records of all patients who were delivered and 
required blood transfusions at the University of Cali- 
fornia 'San Diego Medical Center from July 1 through 


1551 


1552 Andres, Piacquadio, and Resnik 


November 19906 
Am J Obstet Gynecol 


Table II. Details of the 13 patients who required peripartum blood transfusion 






Hematocrit 


before 
Estimated gestational transfusion 
age (wk) Delivery method (%) 
















Units of 
blood 
transfused 





Risk factor 







32 Primary cesarean section 18.9 
40 Primary cesarean section 18.9 
30 Primary cesarean section 19.0 
38 Vacuum 20.6 
49 Vaginal 27.0 
29 Primary classical cesar- 24.4 
ean section 
24 Vaginal 24.8 
40 Primary cesarean section 24.6 
24 Primary classical cesar- 17.0 
ean section 
38 Vacuum 20.7 
38 Primary cesarean section 18.4 
37 Vaginal 17.9 
40 Repeat cesarean section 20.7 


Dec. 31, 1988 were reviewed. Pertinent clinical data 
included maternal age, parity, source of prenatal care, 
gestational age at delivery, mode of delivery, estimated 
blood loss at delivery, hematocrit level before and after 
transfusion, and the number of units of packed red 
blood cells transfused. In addition, risk factors for peri- 
partum transfusion were evaluated, including a history 
of postpartum hemorrhage, anemia, scheduled cesar- 
ean section, placenta previa, grandmultiparity, and 
multiple gestation. Patients were considered to have 
been ineligible for participation in an autologous do- 
nation program if their hematocrit level was <34%, 
estimated gestational age was <28 weeks, or if they had 
not received prenatal care. 


Results 


The incidence of blood transfusion during the study 
period was 13 in 2265 cases (0.57%). Transfusions were 
given in five of 1750 (0.28%) vaginal deliveries, 7 of 
356 (1.9%) primary cesarean sections, and 1 of 150 
(0.66%) repeat cesarean sections (Table I). The details 
of the thirteen patients undergoing transfusion of 
packed red blood cells are outlined in Table II. Twelve 
of the 13 (92%) patients required more than one unit 
of red blood cells. The mean (+SE) hematocrit before 
the transfusion was 21.0% + 3.0% and the mean he- 
matocrit after the transfusion was 27.6% + 4.7%. 


2 None Breech 
2 None Dystocia 
2 Placenta previa Hysterectomy 
5 None Fetal distress 
2 None Uterine atony 
2 Placenta previa Admission he- 
matocrit 
- 31% 
2 None Severe pre- 
eclampsia 
18 None Hemolytic 
uterine syn- 
drome 
2 None Coagulopathy 
9 None Cervical lacer- 
ation 
2 None Bladder flap 
hematoma 
2 Twins Admission he- 
matocrit 
25% 
I Repeat cesarean Donor-specific 
section blood 


Of the 251 patients with identifiable risk factors for 
postpartum hemorrhage, 4 (1.6%) required transfu- 
sion. One of the 150 women (0.7%) with repeat cesar- 
ean sections, 1 of 27 (3.7%) multiple gestations, and 
two of eight (25%) patients with placenta previa were 
transfused. None of the 66 grandmultiparous women 
required blood transfusion (Table III). 

Only two of the patients with identifiable high-risk 
factors (patients 3 and 13) would have been candidates 
for participation in an autologous blood donation pro- 
gram. The presence of a hematocrit <34% would have 
excluded both patients 6 (placentae previa) and 12 (twin 
gestation).° 


Comment 


The interest in autologous blood donation before 
elective operation is in large part a result of concern 
over the transmission of infectious disease. As the num- 
ber of institutions offering such programs increases, 
the safety of the practice has been well documented. 
In a study of >300 high-risk patients who predeposited 
blood before elective surgery, only 4% experienced mi- 
nor reactions and there were no serious adverse reac- 
tions.’ Similarly, the safety of phlebotomy for prede- 
positing of blood in the obstetric patient has been 
shown to be safe for mother and for fetus. Kruskall 
and Leonard? performed continuous fetal heart rate 
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monitoring during 61 donations and demonstrated re- 
active patterns throughout the procedure. The inci- 
dence of vasovagal reactions during phlebotomy has 
been shown to be similar for the pregnant and non- 
pregnant patient.’ | 

The overall incidence of blood transfusions in our 
obstetric service of 0.28% for vaginal deliveries and 
1.6% for cesarean sections is lower than that reported 
by other authors. Palmer et al.° cited a 0.3% to 1.6% 
rate of transfusion after vaginal deliveries and 4.6% to 
7.3% after cesarean sections. Among the general ob- 
stetric population, Kruskall and Leonard’ found that 
1.2% of vaginal delivery patients and 2.2% of those 
having cesarean sections required transfusion. Our 
lower frequency of blood transfusion may reflect a 
greater tolerance of lower hematocrit values in the post- 
partum patient. 

Rates of transfusion among patients who have 
banked their own blood range from 2.7% to 7.7%.>° 
Reports of higher transfusion rates are often associated 
with the liberal use of blood for hematocrit values that 
would be tolerated in the general obstetric population. 
In a study of 30 patients who participated in an autol- 
ogous donation program, 15 (50%) had transfusions in 
the postpartum period. The authors’ noted that pa- 
tients who received their own blood had hematocrit 
values between 28% and 32%, whereas those who re- 
ceived homologcus blood were symptomatic with he- 
matocrits <27%. McVay et al.* showed that the overall 
rate of transfusion in their patients who participated 
in the donation program was 11%, yet only 4.3% had 
hemoglobin values <8 gm/dl before transfusion. 

Our data suggest that the commonly accepted risk 
factors for postpartum hemorrhage and transfusion 
requirements do not permit clinicians to identify which 
patients will require blood transfusion. Fewer than 2% 
of the patients commonly targeted for participation in 
autologous donation programs (scheduled repeat ce- 
sarean section, placenta previa, multiple gestation, and 
grandmultiparous women) eventually required trans- 
fusion. Thus an attempt to use specific risk factors to 
select patients likely to need autologous blood would 
not have been accurate in our study population. 

Our data show that the transfusion of a single unit 
of packed red blood cells is rare; 92% of our patients 
required multiple units. Because of the lower hemat- 
ocrit values among obstetric patients and the tendency 
to restrict phlebotomies to the third trimester of preg- 
nancy, it may be difficult to obtain multiple units per 
patient. Only 57% of the patients in the group of Her- 
bert et al.* were able to donate more than one unit of 
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Table III. Incidence of blood transfusion in 
patients with risk factors for 
postpartum hemorrhage 






Transfusions 


Risk. factor 
Repeat cesarean 150 1 0.7 
section 
Multiple gestation 27 l 3.7 
Placenta previa 8 2 25 
Grandmultiparity 66 0 
TOTAL 251 4 1.6 


blood. Thus is is likely that homologous blood would 
be required in addition to autologous transfusions. 
We believe, as has been suggested by others,” that 
careful restriction of blood products in an obstetric 
population is likely to reduce the frequency so that 
transfusion is rarely required. The inability to accu- 
rately predict which patients will require blood trans- 
fusion, combined with the low incidence of transfu- 
sions, suggests that the practice of autologous donation 
of blood among obstetric patients may not be justified. 
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The Maylard incision in gynecologic surgery 


B. Frederick Helmkamp, MD, and Hans-B. Krebs, MD 


Falls Church, Virginia 


The transverse muscle-splitting Mayiard incision was used in 175 gynecologic patients who required 
pelvic-abdominal surgery. One hundred fifty-three patients (87%) had pelvic malignancy; other indications 
for operation included uterine myomas, endometriosis, tuboovarian abscess, and benign ovarian cysts. 
Exposure was excellent: 54% of patients underwent pelvic lymphadenectomy and 17% underwent 
paraaortic lymphadenectomy. Twelve patients (6.9%) had wound complications, but there was neither 
long-term morbidity nor mortality associated with the incision. Fifty-six patients (82%) received preoperat ve 
or postoperative pelvic radiation therapy with no detrimental effect on wound healing. The Maylard incision 
is cosmetic, strong, easily learned, and has an acceptable complication rate. Unless a vertical incision is 
indicated, the Maylard technique is preferred when optimal exposure and accessibility to the pelvis are 


required: (AM J OsBsTET GYNECOL 1990;163:1554-7.) 


Key words: Maylard incision, pelvic abdominal surgery 


One of the most critical factors in successful surgery 
is adequate exposure. In 1907 Ernest Maylard, the Brit- 
ish surgeon, advocated cutting the rectus muscles with 
a transverse abdominal incision.’ This new technique 
greatly facilitated exposure within the abdomen and 
pelvis, especially when compared with the more com- 


monly performed Pfannenstiel incision, which was ini- 


tially described in 1900. Maylard also stressed two other 
factors in his departure from vertical incisions: a sig- 
nificant decrease in incisional hernia, and more rapid 
healing by secondary intention with improved cos- 
metic results if wound infection did occur. Subsequent 
articles emphasized the anatomic and physiologic ad- 
vantages of the Maylard incision and its low compli- 


cation rate.’ In 1954 Tollefson and Russell® published . 


data on the Maylard incision used in more than 600 
gynecologic and obstetric procedures. Wound compli- 
cations were minimal (5%), and only one of two patients 
in whom a hernia developed needed surgical correc- 
tion. In 1981 Mann et al.’ reported their experience 
with the Maylard incision in 168 patients who had rad- 
ical hysterectomy. l 

This article reports a prospective study on the May- 
lard incision in a large series of gynecologic patients. 
Our modifications of the technique previously reported 
by Maylard and by Tollefson and Russell are presented 
in detail to provide the pelvic surgeon with increased 
confidence in use of the Maylard incision. 
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Patients and methods 


One hundred seventy-five patients underwent pelvic- 
abdominal operations through a Maylard incision be- 
tween March 1982 and September 1989. All proce- 
dures were performed by the house staff under our 
supervision at Fairfax Hospital (George Washington 
University Medical Center), Strong Memorial Hospital 
(University of Rochester), and the Medical College of 
Virginia. Only patients with an Incision above the sym- 
physis pubis were included in this study; we have pre- 
viously reported our experience with the transverse 
periumbilical incision. Study patients ranged in age 
from 21 to 80 years (mean, 46 years), and weights 
ranged from 44 to 180 kg (mean, 78 kg). The indica- 
tions for operation are listed in Table I. 

Thirty-three patients (19%) had preoperative exter- 
nal beam pelvic radiation therapy. Five patients had 
previous Pfannenstiel incisions, and two patients had 
large midline incisions with Marlex (C.R. Bard, Inc., 
North Billerica, Mass.) mesh repair of incisional her- 
nias. Major medical problems (diadetes mellitus, cardiac 
disease, chronic obstructive pulmonary disease, and os- 
teoporosis with vertebral fractures) were encountered 
in 20 patients (11.4%). 

Surgical technique. A transverse skin incision is 
made 3 to 8 cm above the symphysis pubis and is carried 
down to the anterior rectus sheath. The exact location 
and length of the skin incision depend on the patient’s 
age and weight, indication for operation, and previous 
abdominal or pelvic operation(s). ‘The fascial sheath is 
then incised transversely to the lateral borders of the 
rectus muscles. By use of gentle finger dissection, the 
rectus muscle is teased away from the transversalis fas- 
cia, and a small right-angle retractor is placed beneath 
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Fig. 1. A small right-angle retractor is used to elevate the rectus muscle and expose the inferior 
epigastric vessels (arrow). Electrocautery is used to transect the rectus muscle. 


it. The inferior epigastric vessels are found beneath the 
lateral one third of the muscle and are left within the 
transversalis fascia. The rectus muscle is then divided 
slowly by electrocautery (Fig. 1). Fine tonsil clamps are 
used to dissect the inferior epigastric bundle, and these 
vessels are tied with 2-0 silk. If the inferior epigastric 
vessels are readily visible and quite lateral in location, 
they may be ligated before the muscle is divided. The 
second rectus muscle is divided in a similar manner. 
Beginning laterally, the transversalis fascia and peri- 
toneum are divided transversely with electrocautery or 
curved Mayo scissors. 

A layered closure is readily accomplished. The peri- 
toneum and transversalis fascia are closed with a con- 
tinuous running 2-0 synthetic absorbable suture. A 10 
mm flat Jackson-Pratt drain is placed across this suture 
line in the subfascial space, and exits through a separate 
stab incision (Fig. 2). It is removed when drainage is 
less than 40 ml per 24-hour period. The anterior rectus 
sheath is then closed with either interrupted or contin- 
uous suture of 0 synthetic absorbable or nonabsorbable 
material. No attempt is made to suture the retracted 
rectus muscles or include them in the fascial closure. 


The subcutaneous tissue is copiously irrigated with sa- 


line solution, and the skin edges are approximated with 
staples or a subcuticular suture. 


Results 

The surgical procedures performed in this series of 
175 patients are listed in Table II. Thirty patients (17%) 
had a paraaortic node dissection as part of their op- 
eration.’ 


Table I. Preoperative indications for operation 


No. of 

Diagnosis patients 
Cervical carcinoma-sarcoma 9I 
Endometrial carcinoma 58 
Endometrial hyperplasia 4 
Uterine leiomyomas—endometriosis 12 
Benign tumors of ovary 4 
Tuboovarian abscess 2 
Hydrosalpinx* l 
Ovarian carcinoma ] 
Vaginal clear cell carcinoma ] 
Vulvar carcinoma l 
TOTAL 175 


*Histologic examination confirmed fallopian tube car- 
cinoma. 


All patients had closed suction drainage of the subfas- 
cial space. The drain was left in place from 2 to 6 days 
(mean, 3.2 days) and collected from 24 to 350 ml fluid 
(mean, 120 ml) (one patient was excluded; see the para- 
graph on complications). 

Fifty-six patients (32%) in this series received whole- 
pelvis radiation therapy. Thirty-three patients (19%) 
had preoperative radiation therapy, whereas 23 pa- 
tients (13%) required postoperative radiation therapy. 

Complications occurred in 12 patients (6.9%) and are 
summarized in Table III. Of the six patients with su- 
perficial wound infection, five were markedly obese 
(111 to 159 kg), three had insulin-dependent diabetes 
mellitus, and two had preoperative radiation therapy. 
The first four patients were treated with wound pack- 
ing and long-term healing by secondary intention, 
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Fig. 2. The anterior fascia is closed over a 10 mm flat Jackson-Pratt drain. 


Table II. Surgical procedures 


No. of 
Operation patients 
Hysterectomy, with or without 73 
salpingo-oophorectomy 
Hysterectomy, with or without 29 


salpingo-oophorectomy, pel- 
vic lymphadenectomy 
Radical hysterectomy, with or 59 
without salpingo- 
oophorectomy, pelvic 
lymphadenectomy* | 
Radical hysterectomy, l 
paraaortic and pelvic 
lymphadenectomy, vagi- 


nectomy 

Paraaortic and pelvic lymph- 6 
adenectomy 

Salpingo-oophorectomy 6 

Reassessment laparotomy J 
TOTAL 175 


*Twenty-three of these patients also had paraaortic lymph- 
adenectomy. 


Patient only agreed to operation through previous Pfan- 
nenstiel incision. 


Table III. Postoperative complications 


No. of 

. Complications patienis 
Superficial wound infection 6 
Fasciitis 4 
Subfascial hematoma 2 


whereas the last two patients underwent rapid second- 
ary closure with antibiotic administration.’® Four pa- 
tients had fasciitis that necessitated radical wound de- 
bridement and long-term healing by secondary inten- 
tion. Three of these patients were obese (90, 91, and 
160 kg) and had insulin-dependent diabetes mellitus. 


The two patients with subfascial hematoma had ab- 
normal clotting factors but received minidose heparin. 
One patient was managed conservatively with pro- 
longed catheter drainage (1090 ml over 11 days), 
whereas the second patient required evacuation of the 
hematoma on the second postoperative day. 

Incisional hernia did not occur in any of the patients, 
including the four patients with fasciitis who required 
radical wound debridement of the antertor fascia. 
There were no deaths in this series. 


Comment 


The transverse abdominal incision has been used for 
over 150 years, and “...1s based on sound anatomic, 
physiologic, and clinical principles.” When compared 
with a vertical incision, the following advantages of a 
transverse incision are readily noted: (1) a virtual ab- 
sence of postoperative dehiscence? *''* and incisional 
hernia,” ** * (2) a significant decrease in pulmonary 
complications and postoperative discomfort,***'* and 
(3) excellent cosmetic results.” * Conversely, limited ac- 
cess to the pelvis and upper abdomen has always been 
the primary disadvantage of the Pfannenstiel incision, 
the most popular transverse incision used by pelvic sur- 
geons. Fortunately, Ernest Maylard and his proponents 
have resolved this dilemma with the transverse muscle- 
splitting incision. Although initial concern was raised 
with.regard to the healing of the abdominal wall with 
the Maylard incision, numerous clinical and animal 
studies": *+ 512203 have shown that fibroblastic prolifer- 
ation creates a new transverse band of fibrous tissue 
(linea transversa) where the muscle is cut. 

Our series of 175 patients illustrates the adaptability 
of the Maylard incision depending on the indications 
for operation, the anticipated surgical procedure, the 
patient’s age, weight, and previous surgical history, and 
known medical problems. For example, we often use 
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the Maylard incision in adolescents and young women 
with ovarian neoplasms when the index of suspicion 
for malignancy is low. Eighty-seven percent of all pro- 
cedures in this series were performed for pelvic malig- 
nancies. We concur with Mann et al.’ that the Maylard 
incision is preferred for radical hysterectomy. The ex- 
cellent exposure obtained with the Maylard incision is 
emphasized by the fact that 95 patients (54%) under- 
went pelvic lymphadenectomy, and 30 patients (17%) 
also had paraaortic lymph node dissection. 

Two modifications in the technique popularized by 
Maylard and Tollefson and Russell are suggested. First, 
the rich anastomotic blood supply to the rectus muscle 
allows the inferior epigastric vessels to be routinely li- 
gated. This will minimize tearing of these vessels during 
lateral retraction and maximize the incision through 
the transversalis fascia and peritoneum. Ligation of 
these vessels was not described by Maylard,' and was 
performed in only one third of the patients of Tollefson 
and Russell. Second, a closed suction drain is placed 
in the subfascial space in all patients. Our average col- 
lection of 120 ml drainage supports its routine use to 
minimize hematoma or seroma formation. This is in 
contrast to the series by Mann et al.’ in which drains 
were used in only 44% of patients. 

Our complication rate of 6.9% is comparable with 
the 4% to 5% rate reported by Mann et al.’ and Tol- 
lefson and Russell. Marked obesity and diabetes are 
recognized factors in poor wound healing and were 
present in the majority of the 10 patients in whom 
superficial wound infection or fasciitis developed. We 
believe that the two cases of subfascial hematoma were 
probably preventable if strict attention had been paid 
to coagulation values. 

Femoral neuropathy and other nerve injuries have 
been reported in patients with low transverse inci- 
sions.'* '° Neither these injuries nor incisional hernia 
and dehiscence were encountered in this series. 

There are few disadvantages to the Maylard incision. 
Although a few more minutes are required for tran- 
section of the muscles and ligation of the inferior epi- 
gastric vessels, we agree with Christopherson” that 
the Maylard incision should not be used if prompt vi- 
sualization of the abdomen or pelvis is a critical factor. 
Second, a vertical incision is preferred when optimal 
exposure of the upper abdomen is required, for ex- 
ample, for exploration for ovarian carcinoma or other 
advanced pelvic malignancies. Conversely, we disagree 
with the conclusion by Mann et al.’ that the Maylard 
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incision should not be used in a pelvis that has been 
treated by radiation. Fifty-six patients in this series re- 
ceived pelvic radiation therapy, and only two of these 
were among the 10 patients in whom wound compli- 
cations developed. Our data show that preoperative 
radiation therapy is not a contraindication for use of 
the Maylard incision, and that wound healing is not 
adversely affected by postoperative radiation therapy. 

As shown in this series of 175 patients, the transverse 
muscle-splitting incision is adaptable to many different 
clinical situations. It is easily learned, well accepted by 
patients, and has a low complication rate. When optimal 
pelvic exposure is necessary, and speed of entry and 
access to the upper abdomen are not critical factors, 
the Maylard incision is our preferred surgical incision. 
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Ultrasonographic diagnosis of a large placental intervillous 
thrombosis associated with elevated maternal serum 
a-fetoprotein level 


Eric Jauniaux, MD,* Donald Gibb, MD, Gonzalo Moscoso, MD, and 
Stuart Campbell, FRCOG 


London, England 


A placental lesion associated with elevated maternal serum a-fetoprotein level and a positive 
Kleihauer-Betke test is reported. Serial ultrasonograms showed a progressive increase in the echogenicity 
of the lesion that corresponded to a large intervillous thrombosis after delivery. This case illustrates the 
importance of detailed ultrasonographic and pathologic placental investigations in pregnancies with 
unexplained elevated levels of a-fetoprotein. (Am J OBsteT GYNECOL 1990;163:1558-60.) 
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Fig. 1. Composite compound scan of uterus (U) and placenta (P) shows heterogeneous and hypo- 
echoic placental lesion (asterisk) at 17 (A) and 22 (B) weeks’ gestation. For comparison, C, a retro- 
placental hematoma (star) at 32 weeks, 2 weeks after an invasive procedure, and D, a recent marginal 
hematoma (star) at 18 weeks. 
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Fig. 2. A, Transverse and longitudinal ultrasonogram of placenta shows placental lesion at 35 weeks 
(asterisk). B, Lesion is isoechoic and surrounded by sonolucent spaces containing turbulent blood 
flow on real-time imaging. C, Macroscopic view of lesion (asterisk) corresponds histologically to an 


old intervillous thrombosis. 


Maternal serum a-fetoprotein (AFP) concentrations 
are routinely performed between 16 and 20 weeks’ ges- 
tation as a screening test for different fetal anomalies. 
Elevated AFP levels can also be found in association 
with well-defined placental lesions without associated 
fetal anomalies such as chorioangiomas' or in combined 
fetoplacental pathologic conditions such as triploidy.” 
We described an unusual placental lesion that ultra- 
sonographically resembled a hematoma or a chorioan- 
gioma and was associated with an elevated maternal 
serum AFP level. 


Case report 

A 29-year-old healthy nonsmoking primigravid 
woman was referred because of elevated maternal se- 
rum AFP levels (4.5 and 4.8 multiples of the median). 
At 18 weeks’ gestation ultrasonography showed a sin- 
gleton and anatomically normal fetus with measure- 
ments consistent with the estimated gestation. The pla- 
centa was fundal and contained a 3.1 X 3.5 cm het- 
erogeneous and hypoechoic lesion (Fig. 1, A). A 
hematoma or a chorioangioma was suspected and 
ultrasonographic follow-up of the pregnancy was 
started. At that time a Kleihauer-Betke test had positive 
results. 

At 22 weeks the lesion was larger, well demarcated 


(Fig. 1, B), and contained turbulent blood flow on real- 
time scanning. Weak flow velocity waveforms with ma- 
ternal characteristics were detected at the level of the 
lesion on color Doppler flow imaging. These findings 


were compared with the ultrasonographic features of 


a retroplacental hematoma and of a subchorionic (mar- 
ginal) hematoma, both of which were subsequently con- 
firmed after delivery. In these two cases no blood flow 
was found in the lesion. These lesions were hyperechoic 
to isoechoic in the acute stage (Fig. 1, D) and hypoech- 
oic to sonolucent within 2 weeks (Fig. 1, C). 

At 29 weeks slow fetal growth (5th percentile) and 
reduced amniotic fluid volume were noted. Fetal and 
uteroplacental Doppler studies were within our normal 
ranges. The placental lesion was homogeneous, isoe- 
choic (Fig. 2, A), and surrounded by small sonolucent 
spaces (Fig. 2, B) that contained turbulent flow. Similar 
antepartum features were observed until term. Because 
of breech presentation and poor fetal growth, the pa- 
tient was delivered by cesarean section of a healthy 
female infant weighing 2230 gm. The postpartum 
course was uneventful. 

The placenta weighed 410 gm. Examination of the 
slices showed a white lesion of 3 x 3 x 4cm, composed 
histologically of laminated fibrin surrounded by several 
groups of infarcted villi (Fig. 2, C). There was no ev- 
idence of a retroplacental hematoma. 
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Comment 


Ultrasonographic investigation of the placenta in pa- 
tients with elevated maternal serum AFP levels has 
shown a high incidence of retroplacental or subcho- 
rionic placental hemorrhage.' However, in this study 
serial ,ultrasonographic examination and pathologic 
correlation were not performed. 

The placenta is a dynamic organ. As demonstrated 
in this case, the ultrasonographic appearances are de- 
pendent on gestational age and the evolution of the 
lesion. At the time of AFP screening, the lesion was 
hypoechoic and contained turbulent blood flow. Six 
weeks later the lesion was more echogenic. In contrast, 
resolving hematomas become sonolucent and do not 
demonstrate blood flow. A placental chorioangioma was 
also unlikely because color Doppler flow studies of the 
lesion only detected maternal flow velocity waveforms. 

The association of an increased maternal serum AFP 
level with a positive Kleihauer-Betke test is suggestive 
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of a breakdown of the placental barrier’ and should 
lead to detailed assessment of placental appearance. 

Elevated maternal serum AFP levels, combined with 
abnormal placental ultrasonographic features, may be 
an early indication of subsequent perinatal complica- 
tions, particularly fetal intrauterine growth retardation. 
Further placental ultrasonographic and pathologic in- 
vestigations in a prospective manner are needed to val- 
idate the relationship between the development of pla- 
cental lesion, elevated maternal serum AFP, and fetal 
outcome. 
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Direct ultrasonographic measurement of fetal lung length in 
normal pregnancies and pregnancies complicated by prolonged 


rupture of membranes 


Alistair B. Roberts, MD, and Jennifer M. Mitchell, DMU 


Auckland, New Zealand 


Fetal lung length was measured directly with ultrasonography in 20 patients with prolonged rupture of 
membranes, commencing before 25 weeks’ gestation. Measurements were made weekly and compared 
with data collected from 310 normal pregnancies. Measurement of fetal lung length by ultrasonography 
was a good predictor of pulmonary hypoplasia, predicting >90% of cases. There was a good correlation 
between lung size assessed by the last ultrasonographic examination and lung weight postmortem 

(r = 0.783, p < 0.05). Lung length measurements were superior to fetal chest circumference 
measurements in the identification of pulmonary hypoplasia. There was a significant negative association 
between the amount of amniotic fluid and pulmonary hypoplasia (p < 0.05). There were fetuses with 
pulmonary hypoplasia that had respiratory movements seen at the majority of ultrasonographic 


examinations. (AM J OBsTET GYNECOL 1990;163:1560-6.) 
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Fetal pulmonary hypoplasia is a significant contrib- 
utor to neonatal death.' It occurs as a consequence of 
prolonged rupture of membranes,’ renal agenesis, dia- 
phragmatic hernia, pleural effusions, and skeletal dys- 
plasias.*” Antepartum prediction of pulmonary hypo- 
plasia has been elusive.° 

Ultrasonography has contributed by use of mea- 
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Fig.1. Ultrasonogram of the fetal lung in sagittal section with crosses indicating method of measure- 


ment from base of lung at dome of diaphragm to apex of lung adjacent to clavicle. 


surements of chest circumference and area,’ either 
directly or by comparison with other fetal measure- 
ments,” ’ but no direct measurements of lung size have 
been reported. Attempts have been made to predict 
hypoplasia by use of fetal breathing movements but the 
results have been contradictory." '' 

In this study we aimed to measure the fetal lung 
directly with ultrasonography. We elected to measure 
fetal lung length and use this as an index of lung size. 
We first studied a group of patients with normal preg- 
nancies and then a group of patients with prolonged 
rupture of membranes. In the latter group recordings 
were also made of liquor volume and breathing move- 


ments. 


Patients and methods 


A total of 310 uncomplicated pregnancies between 
12 and 40 weeks’ gestation were studied. All patients 
had regular menstrual periods and a confirmatory ul- 
trasonographic examination before 20 weeks’ gestation. 
They were all singleton pregnancies and were delivered 
within 2 weeks of the expected date of delivery. Growth- 
retarded infants below the 5th percentile and macro- 
somic infants above the 95th percentile were excluded 
(size was compared with nomograms from National 
Women’s Hospital). The data collected were cross- 
sectional with one measurement per patient. All data 
were collected as part of normal ultrasonographic ex- 


aminations requested by each patients physician. Ex- 
aminations were performed with Toshiba real-time ul- 
trasonographic equipment. Measurements were made 
of fetal lung length and fetal chest circumference. 
Great care was taken to ensure that there were adequate 
data points at each stage of gestation. 

The length of the fetal lung was measured by taking 
a sagittal section through the fetal chest (Fig. 1). The 
lung was measured from the tip of the apex to the base 
of the lung on the dome of the diaphragm during fetal 
apnea. Data collected from the left lung in an initial 
pilot study on 10 patients showed no differences be- 
tween the left and right lungs. Care was taken to ensure 
that the apex was reached and also to identify the top 
of the diaphragm because the diaphragmatic insertions 
are significantly lower. The clavicle was used as a 
marker to ensure that the apex was reached. The de- 
cision to use the left lung was an arbitrary one to ensure 
that the same lung was always measured. The left lung 
was always measured including the cases with ruptured 
membranes. We have since realized that the right lung 
is easier to visualize because there is less encroachment 
from the heart. 

Chest circumference was measured in a plane at right 
angles to the fetal spine with atrioventricular valves as 
the marker. This approximates a four-chamber view of 
the fetal heart but was slightly rotated to ensure that the 
section was at right angles to the spine. 
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Table I. Data from 20 patients with ruptured membranes 
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Gestation at 
rupture (wk) 


Patient 
No. 


No. of weeks 
ruptured* 


Breathing 
observed$ 


Amniotic fluid 
average|| (cm) 


Pulmonary 


hypoplasia Status 








l 22 l 23 23 2/2 1.4 No Dead 
2 18 4 2] 13 0/1 0 Yes Dead 
3 20 11 30 23 3/6 1.5 Yes Dead 
4 23 l 23 27 1/1 1.0 No Dead 
5 21 2 23 18 0/2 1.0 Yes Dead 
6 18 12 30 23 6/7 2 Yes Dead 
7 24 3 27 24 %2 0.5 Yes Dead 
8 22 3 25 22 1/2 0.5 Yes Dead 
9 23 3 26 29 2/2 1.8 No Alive 
10 24 5 28 32 3/3 1.2 No Alive 
11 22 3 23 21 0/2 0 Yes Dead 
12 21 4 24 24 3/4 0.8 Yes Dead 
13 24 2 26 28 2/2 2.3 No Alive 
14 24 10 34 54 4/4 3.7 No Alive 
15 21 5 26 22 0/2 0 Yes Dead 
16 22 3 22 20 0/1 0 Yes Dead 
17 25 3 25 2] 212 0.5 Yes Dead 
18 23 ] 23 19 1/2 0.5 Yes Dead 
19 24 l 25 26 1/1 2.0 No Alive 
20 24 l 24 30 0/2 1.0 No Alive 


*Number of weeks that membranes were ruptured before delivery. 


+Gestational age when last ultrasonographic examination was performed. 


tLung length measurement at last ultrasonographic examination. 


§Ratio of examinations during which breathing was observed/total number of examinations. 


Mean amniotic fluid pocket size over all examinations. 


Patients with ruptured membranes before 25 weeks’ 
gestation were also studied. Drainage of amniotic fluid 
was confirmed clinically by examination and fluid con- 
tinued to drain until delivery in all cases. In no case 
was there clinical evidence of amniotic infection; there 
were no significant contractions until just before deliv- 
ery. No tocolytic agent was given in any case, and all 
patients elected conservative treatment. They all had 
ruptured membranes of >l weeks’ gestation and full 
details are given in Table I. Fetal lung measurements 
were made once a week (left lung), and estimates were 
made of the amount of amniotic fluid and whether fetal 
breathing movements were present. Fetal breathing was 
defined as any chest wall or diaphragmatic movement 
that had the appearance of breathing and was not as- 
sociated with other fetal movements. At least two 
breaths within 6 seconds had to occur before breathing 
was recorded. One isolated breath was not considered 
“breathing.” The number of examinations during 
which breathing was seen were recorded. The mean 
examination time was approximately 20 minutes. The 
amount of amniotic fluid was assessed by measurement 
of the largest clear vertical pocket of fluid on each oc- 
casion. The mean size of these pockets was calculated 


39 


for all examinations. 

If fetal or neonatal death occurred only patients with 
postmortem evidence of lung size or strong clinical and 
radiologic evidence were included. The pathologic di- 
agnosis of pulmonary hypoplasia was made with the 


ratio of lung weight/body weight. Ratios <0.012 were 
accepted as abnormal. '* 

Scattergrams of lung length and chest circumference 
against gestational age were drawn and regression anal- 
ysis used with estimation of the regression line with 
95% prediction intervals. 

Reproducibility of the lung length measurement and 
chest circumference was assessed between different ob- 
servers measuring “blind” to each other’s results, and 
for the same observer. Interobserver differences of 
lung length were <8% for 95% of the time. Intraob- 
server differences were <6%. Chest circumference val- 
ues were 12% and 8% for inter- and intraobserver dif- 
ferences, respectively. These were not influenced sig- 
nificantly by gestational age. Reproducibility studies 
were not performed separately in patients with rup- 
tured membranes. Statistical analysis of data from pa- 
tients with ruptured membranes was made with the 
Epistat (Epistat Services, Richardson, Tex.) computer 
program with Fisher’s exact test, Pearson’s correlation 
coefficent, and multiple logistic regression analysis. 
Regression equations for lung length and chest circum- 
ference data were analyzed and produced by the Math- 
ematics Department at Auckland University. 


Results 

Nomograms for fetal lung length and chest cir- 
cumference with respect to gestational age were pro- 
duced. The regression equation for lung length was 
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Fig. 2. Mean + 95% prediction intervals for normal fetal lung length plotted against gestational 
age. Superimposed circles represent lung length measurements in patients with ruptured membranes. 
Open circles are those with normally grown lungs; closed circles are those with pulmonary hypoplasia. 







Fetal Lung Length (mm) 


10 
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Gestation (weeks) 
Fig. 3. Normal graph for lung length with superimposed circles representing patients with ruptured 


membranes of >3 weeks. Open circles represent patients in whom fetus and neonate had nor mally 
grown lungs; closed circles represent neonates with pulmonary hypoplasia. 


as follows: Log lung length = 1.7528 + 0.0802 x ges- branes were eventually included in the study. All had 
tational age — 0.00058 x gestational age’. ruptured membranes of =1 week with a range of 1 to 

The scattergram of lung length against gestational 12 weeks (mean, 3.9 weeks). Membranes ruptured be- 
age is shown in Fig. 2. tween 18 and 24 weeks’ gestation (mean, 22.2 weeks). 


A total of 20 patients with prolonged ruptured mem- There were six survivors. Of the 14 deaths 12 had 


1564 Roberts and Mitchell 


300 


200 


100 


Chest Circumference (mm) 


10 20 


November 1990 
Am J Obstet Gynecol 





30 40 
Gestation (weeks) 


Fig. 4. Mean + 95% prediction intervals for fetal chest circumference plotted against gestational 
age. Superimposed circles represent measurements made in patients with ruptured membranes. Open 
circles represent normal lungs; closed circles represent pulmonary hypoplasia. 


evidence of pulmonary hypoplasia (10 postmortem and 
two clinical and radiologic) (Table I). 

There was a significant association between ultrason- 
ographic measurement of lung length and pulmonary 
hypoplasia (p < 0.001). Of the 12 fetuses with pul- 
monary hypoplasia, 11 had a last ultrasonographic 
measurement of lung length that was outside the 95% 
prediction intervals (Fig. 2). The results of lung growth 
in four fetuses with ruptured membranes >4 weeks are 
plotted in Fig. 3. Lung size by last ultrasonographic 
examination correlated well with lung weight post- 
mortem (r = 0.783, p < 0.05). 

Chest circumference measurements were below the 
95% prediction intervals in eight of the 12 fetuses with 
pulmonary hypoplasia (Fig. 4). 

Average size of amniotic fluid pockets ranged from 
0 to 3.7 cm, with a mean of 1.05. Fetuses with amniotic 
fluid <1.5 cm were more likely to have lung hypoplasia 
(p < 0.05). There were four fetuses with no amniotic 
fluid seen and in all instances the fetuses had pulmo- 
nary hypoplasia. The four fetuses with pockets of fluid 
>1.5 cm had normal lung growth (Table I). 

Breathing movements were observed in 63% of ex- 
aminations. There was no significant association be- 
tween the presence or absence of breathing and lung 
hypoplasia. However, fetuses that were breathing dur- 
ing the majority of examinations (>50%) were signif- 
icantly more likely to have normal lung growth (p > 
0.05). If membranes ruptured before 22 weeks’ ges- 
tation then pulmonary hypoplasia was more likely (p < 
0.05). 


In 10 of 12 fetuses with pulmonary hypoplasia the 
membranes were ruptured for =3 weeks, but the as- 
sociation between duration of ruptured membranes 
and pulmonary hypoplasia did not reach statistical sig- 
nificance. 

Multiple logistic regression analysis was used with the 
computer selecting the variables that contribute to the 
prediction of pulmonary hypoplasia. A significance 
level of 0.05 was chosen for inclusion. Lung length, 
amount of amniotic fluid, gestational age at rupture, 
and average time spent breathing were selected to enter 
the regression in that order, with p values of 0.000002, 
0.0002, 0.001, 0.02, respectively. Lung length alone ac- 
counted for 84.3% of the log likelihood. The addition 
of either of the other variables could be used to cor- 
rectly classify 100% of cases. For example a model with 
lung length and amount of amniotic fluid had coeffi- 
cients of — 1.510 and — 45.982, respectively, with the 
regression accounting for 100% of the log likelihood. 


Comment 


The measurement of lung length seems to be useful 
in the management of the patient with ruptured mem- 
branes, correctly identifying >90% of the patients at 
risk of pulmonary hypoplasia. With the addition of am- 
niotic fluid volume it was possible to correctly classify 
100%. Lung length measurement in our hands was 
a better predictor of pulmonary hypoplasia than was 
chest circumference. The measurement is reproducible 
with high-resolution ultrasonographic equipment and 
experienced observers. There was a good correlation 
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between lung length measured by ultrasonography and 
lung weight postmortem. The normal values can also 
be applied to situations of diaphragmatic hernia, pleu- 
ral effusion, and hydrops to accurately measure lung 
size. There seems to be reduction in lung size after 
drainage of liquor in some cases but in only one case 
(patient No. 18, Table I) was the lung length below 
2 SDs within 1 week of rupture, and the diagnosis 
of pulmonary hypoplasia was confirmed postmortem, 
suggesting the possibility of more prolonged pathology 
than was thought. These measurements were made on 
the left lung and should be applied to it. However, 
we found no significant difference between lungs in 
length, and if the left lung is difficult to measure then 
measurements from the right lung can be used. 

The next most useful predictor of pulmonary hy- 
poplasia was the amount of amniotic fluid. In all cases 
with amniotic fluid pockets averaging >1.5 cm the 
lungs grew normally. If no amniotic fluid was seen 
there was pulmonary hypoplasia in four of four fetuses 
(Table I). This contrasts with recent data’® in a study 
of 88 infants with ruptured membranes of >7 days in 
which no correlation was found between the degree of 
oligohydramnios and pulmonary hypoplasia. In that 
study, however, the data were retrospective and the 
ultrasonographic scans performed by different centers 
with the analysis in some instances being made from 
ultrasonographic reports. Amounts of amniotic fluid 
are difficult to assess and considerable experience is 
required. All scans in our study were performed by the 
authors. In the study by Rotschild et al.'* only the last 
ultrasonographic study was analyzed, whereas we av- 
eraged the amount of amniotic fluid from all exami- 
nations. Nevertheless Rotschild et al.'* did note that 12 
of 14 infants with pulmonary hypoplasia had moderate 
or severe oligohydramnios (86%) at the last ultraso- 
nographic examination. 

If the membranes ruptured before 22 weeks’ gesta- 
tion all fetuses or neonates died and all had pulmonary 
hypoplasia. 

Breathing movement analysis is more complex. In 
this study we recorded breathing as positive if more 
than two breaths were noted together. The studies 
were performed during an ultrasonographic exami- 
nation and were not accurately quantified. Therefore 
care should be taken in making inferences from the 
observations. We can confirm," however, that pulmo- 
nary hypoplasia does develop in some fetuses with fre- 
quently observed breathing movements (patient No. 6, 
Table I). This does not contradict the findings of Blott 
et al., inasmuch as they defined breathing as only pres- 
ent if the episode lasted 60 seconds, whereas in our 
study many of the episodes were of shorter duration. 
The absence of breathing movements was associated 
with hypoplasia in five of six cases. Certainly persistent 
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absence of breathing movements over several weeks is 
a poor prognostic sign. However, the mere presence of 
breathing movements cannot always be taken as a good 
prognostic sign. This study did not measure the du- 
ration of breathing movements or the degree of dia- 
phragmatic excursion and these may be more useful 
discriminants. 

The interrelationships between these various factors 
and lung growth are not clear, but if absence of am- 
niotic fluid or breathing leads to pulmonary hypoplasia 
then it should take time. This group of patients suggests 
that the membranes must be ruptured for =3 weeks 
before significant growth problems occur. However, 
there were two exceptions to this rule with pulmonary 
hypoplasia developing in patient No. 5 after 2 weeks 
of membrane rupture and in patient No. 18 after only 
l week. Perhaps there was in fact more prolonged 
membrane rupture that was not detected or oligohy- 
dramnios for other reasons. Or possibly even short pe- 
riods of oligohydramnios can lead to pulmonary hy- 
poplasia at critical periods of development. 

The patients with ruptured membranes of >1 month 
are shown in Fig. 3 and illustrate some of the difficulties 
in forming hypotheses. Patient No. 14 had definite rup- 
tured membranes with continuous leakage but always 
had reasonable amniotic fluid on ultrasonographic ex- 
amination, which probably accounts for the normal 
lung growth. Patient No. 10 had good amniotic pockets 
of >1.6 cm for the first 3 weeks and then no amniotic 
fluid for the last week. Patient No. 6 had amniotic fluid 
pockets of <1.5 cm for the first 4 weeks but later had 
pockets of >2 cm; patient No. 3 similarly had less am- 
niotic fluid for the first few weeks and then more. In 
all instances breathing movements were detected on 
50% of the examinations or more. In both patients 
with pulmonary hypoplasia the membrane rupture oc- 
curred before 22 weeks’ gestation and this seems to be 
the most important prognostic indicator. 


Grateful thanks to Professor A. Scott of the Mathe- 
matics Department, Auckland University, for help with 
the regression equations and analysis of the data. 
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Color flow Doppler—A useful instrument in the diagnosis of 


vasa previa 


James A. Harding, MD, David F. Lewis, MD, Carol A. Major, MD, Michael Crade, MD, 


Jagdish Patel, MD, and Michael P. Nageotte, MD 
Long Beach and Orange, California 


Vasa previa is associated with an increased perinatal mortality rate and rarely is diagnosed in the 
antepartum period. We present a case in which vasa previa was correctly diagnosed by use of color flow 
Doppler imaging. This modality is a valuable adjunct in the evaluation of patients suspected to have vasa 


previa. (AM J OBsTeT GYNECOL 1990;163:1566-8.) 


Key words: Vasa previa, Doppler, color flow Doppler, prenatal diagnosis 


Vasa previa is a rare condition in which a placental 
blood vessel crosses an area of the amnion overlying 
the cervical os. When this vessel is severed, the fetus 
can exsanguinate in a matter of minutes; thus the con- 
dition is associated with a high fetal mortality rate. The 
antenatal diagnosis of vasa previa is rarely reported. 
Ultrasonography and Doppler imaging have been used 
to diagnose vasa previa in the antenatal period.’ We 
report the correct diagnosis of vasa previa by means of 
color flow Doppler imaging in a patient during the 
antenatal period. 


Case report 
A patient (gravida 3, para 1-0-1-1) who was Rh- 
positive was admitted at a gestational age of 2447 weeks 
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with vaginal bleeding. The vaginal bleeding, estimated 
at 1000 ml, ceased after admission. The patient refused 
all blood products for religious reasons. Ultrasonog- 
raphy revealed a left posterior marginal placenta previa 
with a right anterior secondary lobe thought to be suc- 
centuriate. Doppler flow evaluation of the region be- 
tween the placental beds revealed an area of pulsatile 
flow. Color flow Doppler imaging delineated a vessel 
coursing across the cervical os with pulsations corre- 
sponding to the fetal heart rate (Fig. 1). 

Because of the concern over fetal risk of acute blood 
loss with spontaneous rupture of membranes, a con- 
trolled delivery by cesarean section was planned. Am- 
niocentesis was performed at 34 weeks’ gestation and 
fetal pulmonary maturity was established. ) 

At delivery a normal appearing female with a birth 
weight of 1975 gm and Apgar scores of 8 and 9 at | 
and 5 minutes, respectively, was delivered without in- 
terrupting the placental integrity. Initial hematocrit of 
the baby was 58%. An intact large-bore vessel was iden- 
tified coursing across the cervical os from the marginal 
left-posterior previa to the right-anterior succenturiate 
lobe (Fig. 2). 

The postoperative course was uncomplicated, and 
the patient was discharged home with her infant on the 
sixth postoperative day. 
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Fig. 1. Ultrasonogram at 25 weeks’ gestation. Arrow indicates area of flow activity overlying cervi- 
cal os. 
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Fig. 2. Postpartum examination of placenta with large vessels coursing across membranes indicated 
by arrow. 


Comment the strategies for diagnosing vasa previa at that time. 
Vasa previa is associated with a high fetal mortality His discussions focused on the diagnosis of vasa previa 
rate. The incidence is approximated to be one in 2000 during the intrapartum period, which involved meth- 
to 3000 deliveries.’ Diagnosis of vasa previa has always ods to identify fetal bleeding after the vessel had rup- 


remained elusive to the clinician. In 1979 Pent? outlined tured. In his report he raised the issue of the possible 
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use of ultrasonography for the antenatal diagnosis of 
vasa previa, but thought that the technology at that ume 
could not clearly delineate vessels so deep in the pelvis. 
In 1987 Gianopoulos et al.' reviewed a case report of 
a succenturiate lobe with a vasa previa detected by ul- 
trasonography and Doppler flow imaging to accurately 
identify the condition before delivery. 

Advancements in Doppler technology include the re- 
cent evolution of color flow Doppler. Color flow Dopp- 
ler imaging use computer-generated colored imprints 
linked to Doppler signals that correlate with directional 
vascular flows. The benefits of this tool include iden- 
tification of smaller vessel flows that initially may escape 
the scanning M-mode resolutions and standard Dopp- 
ler techniques. 

Maintaining a high index of suspicion is the key to 
diagnosis of vasa previa. In this respect, the patient with 
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identified ultrasonographic findings at risk for a vasa 
previa (such as a low-lying to marginal placenta previa, 
velamentous insertion of the cord, succenturiate lobes 
of the placenta, or multiple gestations) should warrant 
color flow Doppler evaluation of the cervical region to 
rule out a vasa previa. Although the precision of this 
technique needs further evaluation, it holds promise 
for improvements in the detection of this highly fatal 
condition. 
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Reliability of ultrasonographic formulary in the prediction of 
fetal weight and survival of very-low-birth-weight infants 
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Antenatal management of very-low-birth-weight infants often requires difficult obstetric decisions. This 
study was designed to evaluate the predictive value for neonatal outcome of antenatally acquired 
estimation of gestational age and ultrasonographically estimated fetal weight or a combination of both in 
very-low-birth-weight infants. Sixty-seven fetuses with estimated gestational ages between 22% and 28% 
weeks were studied ultrasonographically to estimate fetal weight. A comparison of accuracy of estimated 
fetal weight with actual birth weight showed good correlation (r = 0.93). Neonatal outcome of these infants 
was analyzed by estimated gestational age and estimated fetal weight. Estimated gestational age and 
estimated fetal weight >25 weeks and >750 gm were associated with 50% survival, respectively. 
However, when both of these conditions were met survival reached 85%. This information may be useful 
to guide antepartum management decisions in this very-low-birth-weight group. (Am J OBSTET GYNECOL 


1990; 163:1568-74.) 


Key words: Very-low-birth-weight infant survival, ultrasonographically estimated fetal 
weight, gestational age versus ultrasonographically estimated fetal weight 
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Delivery of a premature infant with a birth weight 
<1500 gm occurs in approximately 3.9% of all preg- 
nancies. However, this group accounts for 75% of the 
total perinatal mortality.’ Over the last several years, 
significantly better long-term survival statistics of in- 
fants born at earlier gestational ages and lower birth 
weights have been reported.” * In addition to improved 
neonatal technologies and expertise, there are other 
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factors beyond the control of the neonatal team that 
also appear to have significant influence on the outcome 
of these infants. These include actual birth weight, es- 
timated gestational age, abnormal fetal growth pat- 
terns, fetal acidosis, mode of delivery, and location of 
delivery.* The obstetrician’s perception of potential vi- 
ability influences these factors and determines whether 
aggressive obstetric management, including transfer to 
a regional perinatal center, or the performance of a 
cesarean delivery for fetal indications will be used. 

Perinatal mortality has been shown to be related to 
both gestational age and actual birth weight, although 
each may have an independent effect.’ Actual birth 
weight statistics have limited usefulness to the obste- 
trician, however, because the actual birth weight is un- 
known before delivery and cannot be used to guide 
obstetric management. Clinically, fetal weight is often 
underestimated when compared with actual birth 
weight. When this occurs, aggressive obstetric inter- 
vention, which would otherwise be indicated, is often 
withheld, resulting in potentially worsened perinatal 
outcome.’ Early attempts to antenatally predict actual 
birth weight by ultrasonographic measurements of var- 
ious fetal structures and to thereby improve clinical 
estimated fetal weight were based on studies of infants 
with actual birth weights >1000 gm.”® Formulas to es- 
timate fetal weight may vary in accuracy at different 
weight ranges and therefore need to be evaluated for 
the very-low-birth-weight group.’ 

The usefulness of the antenatal estimation of ges- 
tational age is limited because of the frequency with 
which accurate menstrual dating information is un- 
available. Neonatal estimate of gestational age is not 
accurate enough in the very-low-birth-weight group to 
allow development of survival tables useful for ante- 
natal management.” Ultrasonographic estimation of 
gestational age also has been shown to have a signifi- 
cantly large range of error and thus limits the sole 
application of this technique for prospective manage- 
ment of these patients." 

The focus of this study was to determine the accuracy 
of ultrasonographically estimated fetal weight with 
available formulas to predict actual birth weight in the 
very-low-birth-weight fetuses. The following question 
was then asked: could this estimate of fetal weight pre- 
dict neonatal outcome when compared with or com- 
bined with the estimated gestational age? 


Material and methods 


Women admitted to the labor and delivery suite at 
Long Beach Women’s Hospital from Oct. 1, 1983, 
through May 30, 1985, with a diagnosis of threatened 
preterm delivery and a gestational age between 22% 
weeks and 28% weeks were initially evaluated. Threat- 
ened preterm delivery was defined as one of the fol- 
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lowing: a diagnosis of preterm labor treated with in- 
travenous tocolysis, with or without cervical change; 
preterm premature rupture of membranes; or a ma- 
ternal complication necessitating delivery in the above 
gestational age range. Gestational age was determined 
by calculating from the patient’s last menstrual period, 
by early physical examination or early examination by 
ultrasonography, or by ultrasonographic measure- 
ments of the fetus taken during the current hospital 
admission if this was the only information available. 
Neonatal assessment of gestational age was not used 
for analysis because of its inaccuracy in this age group. 

All patients had an obstetric ultrasonographic. ex- 
amination at the time of admission. The equipment 
used for this examination was an Acuson real-time ul- 
trasonographic scanner, an ATL-3000-1C real-time ul- 
trasonographic scanner, and a Toshiba SAL-20 porta- 
ble real-time ultrasonographic scanner. All images were 
recorded in multiimage format on radiographic trans- 
parency film. Fetal ultrasonographic measurements for 
estimation of gestational age and estimation of fetal 
weight included biparietal diameter, head circumfer- 
ence, femur length, and abdominal circumference. Bi- 
parietal diameter was measured according to the 
method described by Campbell and Thoms” and fur- 
ther defined by Hadlock et al.’ The occipitofrontal 
diameter and head circumference were determined 
from measurements made at this level. Head circum- 
ference was determined by the method described by 
Hadlock et al.“ using a transverse and longitudinal di- 
ameter. The femur length was measured as described 
by Hadlock et al.'* Abdominal circumference was cal- 
culated by two methods. First, a hand-held map reader 
was used to trace the abdominal circumference on the 
radiographic transparency. The second method used 
transverse diameters as described by Campbell and 
Thoms.” Each method of measuring abdominal cir- 
cumference was then compared for accuracy. Addi- 
tional information obtained from the ultrasonographic 
examination included amniotic fluid volume and fetal 
presentation. The cephalic index was calculated by the 
method described by Hadlock et al. with a normal 
range (+2 SDs) of 70% to 86%. All parameters were 
analyzed for effect on the accuracy of estimated fetal 
weight prediction. 

Fetal weight was estimated according to two previ- 
ously published formulas.” * Each formula was calcu- 
lated with the abdominal circumference measured by 
the two methods described (Shepard I, Warsof I—map 
reader; Shepard II, Warsof II—transverse diameters). 
These estimates were then compared with actual birth 
weight for prediction accuracy. 

The ultrasonographically estimated fetal weight was 
blinded from the managing obstetrician before deliv- 
ery. Management decisions were based solely on the 
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Table I. Comparisons of actual birth weight 
and calculated values for all infants 









Correlation 
Birth weight with actual 
gm, birth 

mean + SD) weight (r) 
Actual birth weight 792.7 + 223.6 1.0000 
Shepard EFW I 765.7 + 219.6 0.9011 
Warsof EFW I 807.6 + 233.0 0.9010 
Shepard EFW II 793.6 + 242.2 0.9309 
Warsof EFW II 839.8 + 258.2 0.9287 





EFW, Estimated fetal weight. Comparison among five cor- 
relation coefficients shows no statistical significant differences. 


estimated gestational age. Cesarean delivery was per- 
formed for fetal indication (i.e., malpresentation, or 
fetal distress) only if the estimated gestational age was 
considered to be =26% weeks. Although cesarean sec- 
tion was not performed for infants with an estimated 
gestational age <26% weeks, these patients were still 
managed with care to provide a controlled vaginal de- 
livery. Continuous external fetal monitoring was used. 
Patients were positioned to reduce the occurrence of 
variable decelerations as a result of cord compression. 
Oxygen was provided to the mothers if there was an 
abnormal fetal heart rate pattern, and hydration was 
used to improve uterine perfusion. 

Actual birth weight was recorded after delivery. Neo- 
natal outcome was evaluated for mortality, length of 
hospital stay, incidence of respiratory distress syn- 
drome, retrolental fibroplasia, bronchopulmonary dys- 
plasia, sepsis, necrotizing enterocolitis, intraventricular 
hemorrhage, seizures, and patent ductus arteriosus ne- 
cessitating surgical ligation. The incidence of these 
complications was then correlated with estimated ges- 
tational age, actual birth weight, and estimated fetal 
weight. An analysis of neonatal mortality data at the 
neonatal intensive care unit at Long Beach Women’s 
Hospital, as well as data from this study, showed that 
survival >50% occurred in the 700 to 800 gm actual- 
birth-weight group. A birth weight of 750 gm was cho- 
sen to represent this group. Outcome was then analyzed 
for birth weights above and below this weight and com- 
pared with ultrasonography-estimated fetal weight, 
and estimated gestational age for survival and mor- 
bidity. . 

The data were subjected to statistical analysis by 
means of x? with Fisher’s exact test and Yates’ correction 
where appropriate. 


Results 


Ninety-eight patients were admitted and subse- 
quently delivered during the study period with a ges- 
tational age between 22% and 28% weeks. Thirty-one 
patients were excluded from analysis because of ultra- 
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sonographic examination >72 hours from delivery, ab- 
sent or inadequate ultrasonographic examination, in- 
trauterine growth retardation diagnosed before deliv- 
ery, congenital anomalies diagnosed before delivery, or 
multiple gestation. A total of 67 patients were available 
for analysis. Gestational age was determined by last 
menstrual period with confirming ultrasonographic ex- 
aminations in 60% of the patients, early ultrasono- 
graphic examination with follow-up examination in 
31%, and late ultrasonographic examination only in 9% 
of patients. There was no difference in outcome among 
these three groups. The maternal factors responsible 
for preterm delivery included premature rupture of 
membranes, premature labor, severe preeclampsia, 
abruptio placentae, chorioamnionitis, and incompetent 
cervix. Maternal diagnosis did not influence neonatal 
outcome when corrected for gestational age and birth 
weight, although some groups were too small for ad- 
equate statistical analysis. 

Comparison of the two methods for calculation of 
abdominal circumference showed no difference by 
method type. Although the formula that correlated best 
with actual birth weight was the Shepard II formula, 
there was no statistically significant difference among 
each of the formulas evaluated (Table J. The Shepard 
II formula was used for subsequent cornparisons with 
estimated gestational age and actual birth weight for 
analysis of outcome. Comparison of formulas for the 
prediction of infants weighing >750 gm and <750 gm 
showed no significant difference between the two 
groups (Table II). In the pregnancies with estimated 
fetal weights >750 gm, the Shepard formula I had the 
best correlation with actual birth weight. There was 
significant correlation of actual birth weight with ul- 
trasonographic estimate of fetal weight for each ges- 
tational age group (Table III). Gestational age, actual 
birth weight, interval between ultrasonographic ex- 
amination and delivery, fetal presentation, amniotic 
fluid volume, cephalic index, and fetal sex were ana- 
lyzed for their potential effect on the accuracy of es- 
timated fetal weight in predicting actual birth weight 
and were found to have no statistically significant in- 
fluence. 

Evaluation of survival by weight groups sows a sig- 
nificant increase in survival between the 700 and 800 
gm and the 800 and 900 gm weight groups (Table IV). 
Therefore the 700 to 800 gm weight group was further 
divided into groups of =750 gm or >750 gm. Survival 
was better in the >750 gm weight group (Table V). 

Evaluation of survival by gestational age showed the 


50% survival breakpoint to occur at 25 weeks’ gestation 


(Table VI). Survival was analyzed for both gestational 
age of <25 weeks or =25 weeks and estimated fetal 
weight of =750 gm or >750 gm; results are shown in 
Table VIL. Survival using estimated gestational age =25 
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Table II. Comparisons of actual birth weight and calculated values for infants with birth weighs >750 gm 
and =750 gm ; 


Actual birth weight S750 gm 


Actual birth weight > 750 gm 





Correlation Correlation 
with actual with actual 
Birth weight (gm, birth Birth weight (gm, birth 

mean + SD) weight (R) mean + SD) weight (R) 
~ Actual birth weight 590.8 + 114.2 1.0000 946.7 + 151.7 1.0000 
Shepard EFW I 622.9 + 126.1 0.7865 1005.4 + 204.5 0.8557 
Warsof EFW I 590.4 + 115.8 0.7952 948.7 + 193.3 0.7418 
Shepard EFW II 616.5 + 114.6 0.8098 953.4 + 190.9 0.7738 
Warsof EFW II 585.6 + 107.2 0.8056 903.2 + 180.2 0.7759 


EFW, Estimated fetal weight. Comparison among five correlation coefficients shows no statistically significant differences. 


Table III. Weight comparison by estimated gestational age 


Estimated fetal weight 


(gm, mean + SD) 





Actual birth weight 
(gm, mean + SD) 
<24 13 518 + 78.37 
24 T 721.4 + 101.9 
25 16 701 + 122 
=26 3] 971.2 163.5 
TOTAL 67 792 + 223.6 


weeks alone was 70%. Survival using estimated fetal 
weight >750 gm alone was 80.5%. No difference was 
found in the occurrence of neonatal complications 
among the surviving infants when compared by actual 
birth weight, estimated fetal weight, or estimated ges- 
tational age, although this may be the result of the small 
number of cases in each group. 


Comment 


Several studies have documented the improved sur- 
vival and long-term outcome of very-low-birth-weight 
infants. These studies have attempted to correlate 
neonatal mortality risk in relation to birth weight and 
gestational age groups, on the basis of actual birth 
weight and neonatal assessment of gestational age, nei- 
ther of which is available to the obstetrician who man- 
ages the patient before delivery.’ Paul et al.° demon- 
strated that there was a significant increase in neonatal 
mortality when the actual birth weight of the infant was 
underestimated before delivery. Their conclusion was 
that obstetricians must be aware of the tendency to 
underestimate fetal size on the basis of the clinical ex- 
amination and that outcome might be improved by in- 
tervening for fetuses estimated to weigh =750 gm. Gol- 
denberg et al.” reported the results of a survey of all 
physicians in Alabama performing obstetric care in 
1978. These practicing obstetricians estimated that the 
50% and the 90% survival rates were reached nearly 2 
weeks later than was actually true at both their indi- 


566 + 126.15 0.746 0.003 
689.4 + 72.86 0.844 0.017 
123.1- £ 197-2 0.903 0.001 
946.6 + 242.1 0.769 0.001 

808 + 233.5 0.901 0.001 


vidual hospitals and the regional perinatal centers. This 
study emphasized the need for all physicians who prac- 
tice obstetrics not only to be aware of the morbidity 
and mortality statistics in their hospital and region but 
also to be willing to manage these patients aggressively 
at these early gestational ages. Studies reviewing mor- 
tality rates in the very-low-birth-weight group show that 
with aggressive obstetric management the 50% neo- 
natal survival has changed to an estimated gestational 
age and birth weight of 26 weeks and 750 gm.*'® These 
studies also emphasize the need for aggressive man- 
agement at lower gestational ages and suggest that un- 
der special circumstances aggressive management may 
be justified even for those infants judged to have an 
estimated gestational age <26 weeks. 

In an attempt to study individual factors that influ- 
ence survival and morbidity with very-low-birth-weight 
deliveries, Worthington et al.’? presented data using 
actual birth weight that showed improved survival and 
prognosis of infants with birth weights of =750 gm or 
gestational ages >25 weeks. Their data showed birth 
weight to be significantly correlated with survival in- 
dependent of gestational age. 

: At the time of our study there were no available data 
regarding the accuracy of ultrasonographic predictions 
of estimated fetal weight or a correlation of these pre- 
dictions with neonatal outcome in our institution. We 
needed to determine the best available ultrasono- 
graphic formula for predicting actual birth weight 
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Table IV. Survival by weight groups 


' Actual birth weight 
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Estimated fetcl weight 


Weight 

=600 13 0 0 13 0 0 
601-700 10 2 20 10 4 40 
701-800 16 7 44 15 6 40 
801-900 7 7 100 7 6 86 
901-1000 6 5 83 9 7 78 

21001 14 14 100 13 13 100 

TOTAL 67 35 52 67 35 52 

Table V. Survival in 701 to 800 gm weight range by 50 gm interval 
Actual birth weight Estimated fetal weight 

<750 gm 5 1 20 8 2 25 
>750 gm 11 54.5 7 4 57.1 

TOTAL 16 7 43.8 15 6 40 


Table VI. Survival comparison by estimated 


gestational age 






Survivors 
Gestation 
(wk) 


<24 13 0 0 
24 7 2 28.6 
25 16 8 50.0 
=> 26 31 25 80.6 
TOTAL 67 55 52.0 


given the clinical circumstances in our institution. At 
that time formulas by Shepard et al.’ and Warsof et al.’ 
had been published. In our population the formula by 
Shepard et al., using two transverse diameters for cal- 
culation of the abdominal circumference (Shepard II), 
had the greatest correlation with actual birth weight, 
although there was no statistically significant difference 
among the four formulas. Key et al.” used similar for- 
mulas and found a high degree of correlation between 
ultrasonography-estimated fetal weight and actual 
birth weight. Their data also did not reach statistically 
significant difference, but they found the formula pub- 
lished by Warsof et al. to have a slightly greater cor- 
relation in their population. The difference between 
these formulas is important; we found the Warsof for- 
mula used by Key et al. to consistently estimate a lower 
fetal weight when compared with the formula pub- 
lished by Shepard et al. Using the formula of Shepard 


et al. instead of the formula by Warsof et al. may result 
in increased aggressive intervention. Since the initiation 
of this study other formulas have teen published in the 
very-low-birth-weight group in an attempt to improve 
the accuracy of estimated fetal weight. Pielet et al.” 
showed that of the formulas evaluated that of Shepard 
et al. used in our study was one of four with better 
correlation, but the three formulas with slightly greater 
correlation included measurements not only of bipa- 
rietal diameter and abdominal circumference but of 
femur length as well. It is important to use all available 
measurement parameters for the calculation of esti- 
mated fetal weight when available to attempt to achieve 
the greatest correlation. 

As in the report by Key et al.,”° our data did not show 


any significant effect on the accuracy of estimated fetal 


weight prediction caused by fetal malpresentation, am- 
niotic fluid volume, or cephalic index. 

In comparison of actual birth weight, estimated fetal 
weight, and estimated gestational age with survival, our 
data show that there was no difference in outcome 
when estimated fetal weight and actual birth weight 
were compared. 

Our data also showed that when estimated gestational 
age and estimated fetal weight alone and in combina- 
tion were compared, there was survival of =50% at a 
gestational age of 25 weeks (Table VI); when estimated 
fetal weight was evaluated, survival of =50% occurred 
at >750 gm (Table V). The effect of gestational age 
was independent of that of estimated fetal weight 
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Table VII. Survival by estimated gestational age and estimated fetal weight 


Estimated gestational agel estimated fetal weight 


<25 wk/= 750 gm 
<25 wk/>750 gm 
=25 wk/=750 gm 
225 wk/>750 gm* 


*Significantly ditferent from other groups, p = 0.001. 
8 y groups, p 


(Table VID); however, if the estimated fetal weight was 
=750 gm, gestational age did not affect survival. When 
the estimated fetal weight was >750 gm, a gestational 
age =25 weeks was associated with improved survival. 
If the gestational age was <25 weeks, survival was not 
affected by the estimated fetal weight. However, if the 
gestational age was =25 weeks, an estimated fetal 
weight of >750 gm was associated with increased sur- 
vival to a significant degree (p = 0.001). Patients in the 
groups associated with decreased potential survival 
must be managed individually. Careful attention to the 
management of labor, including position changes, hy- 
dration, analgesia, and oxygenation may improve neo- 
natal outcome of these infants, particularly if there has 
been an underestimation of the potential for survival. 
Chervenak et al.* also reported that gestational age is 
more important than neonatal weight in predicting a 
good outcome. Howver, in the prediction of adverse 
neonatal outcome, both the estimated fetal weight and 
obstetric gestational age were significant predictors. 

In conclusion, our data support a significant corre- 
lation between the ultrasound estimate of fetal weight 
and actual birth weight. There is no significant differ- 
ence in survival and morbidity in comparison of actual 
birth weight with estimated fetal weight as calculated 
by the formula by Shepard et al. using transverse di- 
ameters to calculate abdominal circumference. In our 
institution, estimated gestational age and estimated fe- 
tal weight were associated independently with a 50% 
neonatal survival at =25 weeks and >750 gm, respec- 
tively. More important, if the infant had an antenatal 
estimated gestational age of =25 weeks and an ultra- 
sonographically predicted estimated fetal weight >750 
gm, neonatal survival reached 85%. 

This information can be used to help guide the ob- 
stetrician in management decisions regarding the care 
of these very-low-birth-weight infants. In patients with 
uncertain dates, the ultrasonography-estimated fetal 
weight alone may be a better parameter to guide an- 
tepartum management. Pregnancies that are <25 
weeks or <750 gm estimated fetal weight must be man- 
aged on the basis of survival data that are <50%, al- 
though careful labor management may improve out- 
come in this group. 


Survivors 
18 2 11.1 
2 0 0 
13 4 30.8 
34 29 85.3 


Continued study is needed in this area to better clar- 
ify the potential limits of viability on the basis of both 
estimated gestational age and predicted fetal weight. 
Formulas that provide the greatest degree of correla- 
tion for the various birth weights still need to be eval- 
uated and modified for a closer fit whenever possible. 
We are currently evaluating a population of patients 
who have been managed aggressively according to the 
results of this study and supported by recently pub- 
lished studies that also show improved outcome of in- 
fants in the same age and weight ranges. 


We thank Tari Radin, RN, MSN, PhD, for assistance 
with the statistical analysis. 


REFERENCES 


l. Koops BL, Morgan LJ, Battaglia FC. Neonatal mortality 
risk in relation to birth weight and gestational age: update. 
J Pediatr 1982;101:969-77. 

2. Hack M, Fanaroff A. How small is too small? Consider- 
ations in evaluating the outcome of the tiny infant. Clin 
Perinatol 1988;15:773-89. 

3. Luthy DA, Shy KK, Strickland D, et al. Status of infants 
at birth and risk for adverse neonatal events and long 
term sequelae: a study in low birth weight infants. AM J 
OBSTET GYNECOL 1987;157:676-9. 

4. Amon E, Sibai BM, Anderson GD, et al. Obstetric vari- 
ables predicting survival of the immature newborn 
(<1000 gm): a five-year experience of a single perinatal 
center. AM J OBSTET GYNECOL 1987;156:1380-9. 

5. Williams RL, Creasy RK, Cunningham GC. Fetal growth 
and perinatal viability in California. Obstet Gynecol 
1982;59:624-32. 

6. Paul RH, Koh KS, Monfared AH. Obstetric factors influ- 
encing outcome in infants weighing from 1,001 to 1,500 
grams. AM J OBSTET GYNECOL 1979;133:503-8. 

7. Shepard MJ, Richards VA, Berkowitz RL, et al. An eval- 
uation of two equations for predicting fetal weight by 
ultrasound. AM J OBSTET GYNECOL 1982;142:47-54. 

8. Warsof SL, Gohari P, Berkowitz RL, et al. The estimation 
of fetal weight by computer-assisted analysis. AM ] OBSTET 
GYNECOL 1977;128:88 1-92. 

9. Eden RD, Jelovsek FR, Kodack LD, et al. Accuracy of 
ultrasonic fetal weight prediction in preterm infants. AM 
J OBSTET GYNECOL 1983; 147:43-7. 

10. Spinnato JA, Sibai BM, Shaver DC, et al. Inaccuracy of 
Dubowitz gestational age in low birth weight infants. Ob- 
stet Gynecol 1984;63:491-5. 

11. Sabbagha RE, Hughey N. Standardization of sonor 
cephalometry and gestational age. Obstet Gynecol 1978; 
52:402-6. 

12. Campbell $, Thoms A. Ultrasound measurement of the 
fetal head to abdominal circumference ratio in the as- 


Mills et al. 


sessment of growth retardation. Br J Obstet Gynaecol 
1977;84:165-74. 

13. Hadlock FP, Deter RL, Harrist RB, et al. Fetal biparietal 
diameter: rational choice of plane of section for sono- 
graphic measurement. Am J Radiol 1982;138:871-4. 

14. Hadlock FP, Kent WR, Lloyd J, et al. An evaluation of 
the methods for measuring fetal head and body circum- 
ferences. J Ultrasound Med 1982;1:359-64. 

15. Hadlock FP, Harrist RB, Deter RL, et al. Fetal femur 
length as a predictor of menstrual age: sonographically 
measured. Am J Radiol 1982;138:875-8. 

16. Goldenberg RL, Nelson KG, Hale CD, et al. Survival of 
infants with low birth weight and early gestational age, 
1979 to 1981. AM J OBSTET GYNECOL 1984; 149:508. 

17. Goldenberg RL, Nelson KG, Dyer RL, et al. Variability of 
viability: the effect of physictans’ perception of viability 
on the survival of very low birth weight infants. AM J 
OBSTET GYNECOL 1982;143:678-84. 


November 1990 
Am J Obstet Gynecol 


18. Herschel M, Kennedy JL, Kayne HL, et al. Survival of 
infants born at 24 to 28 weeks’ gestation. Obstet Gynecol 
1982;60:154-8. 

19. Worthington D, Davis LE, Gravez JP, et al. Factors influ- 
encing survival and morbidity with very low birth weight 
delivery. Obstet Gynecol 1983;62:550-5. 

20. Key TC, Dattel BJ, Resnick R. The ultrasonographic es- 
timation of fetal weight in the very low birth weight infant. 
AM J OBSTET GYNECOL 1983;145:574-8. 

21. Pielet BN, Sabbagha RE, MacGregor SN, et al. Ultrasonic 
prediction of birth weight in preterm fetuses: which for- 
mula is best? AM J OBSTET GYNECOL 1987;157:1411-4. 

22. Chervenak FA, Berkowitz GS, Thornton J, et al. A com- 
parison of sonographic estimation of fetal weight and ob- 
stetrically determined gestationa! age in the prediction of 
neonatal outcome for the very low birth weight fetus. AM 
J OBSTET GYNECOL 1985;152:47-50. 





Management of selected cystic adnexal masses in 
postmenopausal women by operative laparoscopy: 


A pilot study 


William H. Parker, MD, and Jonathan S. Berek, MD 
Los Angeles, California 


Twenty-five postmenopausal patients were predicted to have benign masses by screening criteria that 
included ultrasonographic findings of a cystic adnexal mass <10 cm with distinct borders and no evidence 
of irregular solid parts, thick septa, ascites, or matted bowel, and a normal serum CA 125 value (<35 
U/ml). All 25 masses were accurately predicted to be benign. The size of the cysts on ultrasonography 
ranged from 3 to 9 cm with a mean of 5 cm. Twenty-two patients (88%) were successfully managed by 
operative laparoscopy and adnexectomy. Mean operative time was 70 minutes and mean postoperative 
hospital stay was 12 hours. Mean time of return to normal activity was 5 days. Three patients required 
laparotomy. We conclude that removal of these cystic adnexal masses by operative laparoscopy is an 
acceptable alternative in carefully selected postmenopausal women. (Am J Osster GYNECOL 


1990;163:1574-7,) 


Key words: Postmenopausal, adnexal mass, operative laparoscopy. 


The standard operative approach for adnexal masses 
found in postmenopausal women has been the perfor- 
mance of an exploratory laparotomy that allows early 
detection, resection, and proper staging if ovarian can- 
cer is found. Total abdominal hysterectomy and con- 
tralateral salpingo-oophorectomy also have been ad- 
vocated in the presence of benign adnexal neoplasms 
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because of the concern for the subsequent development 
of a neoplasm in the contralateral ovary or uterus.’ 
However, most adnexal masses in postmenopausal 
women are benign.** In addition, the risk of having a 
subsequent malignancy in a remaining pelvic organ is 
very low.*® 

If a screening process could accurately select masses 
that were likely to be benign, evaluation and removal 
with operative laparoscopic techniques would allow 
outpatient management with less cost and an easier 
recovery. The safety and efficacy of this approach have 
been well documented in premenopausal women with 
adnexal pathology.” * With the use of specific ultraso- 


- nographic criteria, several authors®*"' have been able to 
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accurately predict benign masses in 95% to 100% of 
postmenopausal patients. 

Other authors’*"* have used the CA 125 assay, which 
uses a monoclonal antibody that reacts to an antigen 
found in most nonmucinous ovarian cancers, to predict 


benign versus malignant pelvic masses. Finkler’® com- ` 


bined ultrasonographic appearance, CA 125 values, 
and clinical impression to accurately predict benign 
masses in all postmenopausal women studied. 

With a combination of preoperative ultrasono- 
graphic appearance that suggested a benign mass and 
normal serum CA 125 values, we selected a group of 
postmenopausal women who had a minimal chance of 
having an ovarian malignancy. The masses were then 
approached surgically by operative laparoscopy. 


Material and methods 


Candidates for this study included postmenopausal 
women who were found to have an adnexal mass on 
pelvic examination or noninvasive pelvic imaging stud- 
ies and who were referred for evaluation and treat- 
ment. Postmenopausal status was defined as age over 
45 years with at least 12 months of amenorrhea or a 
follicle-stimulating hormone >40 mIU/ml. 

Twenty-five patients were consented for surgery. Pa- 
tient ages ranged from 47 to 81 years with a mean of 
63 years. Time from the last menstrual period ranged 
from 12 months to 33 years with a mean of 14 years. 
Fight patients (32%) had undergone prior hysterec- 
tomies for benign disease. Ultrasonographic criteria 
used were those modified from Herrmann.’ Criteria 
for the presumptive diagnosis of a benign mass were: 
(1) size <10 cm; (2) cystic; (3) distinct borders; (4) no 
irregular solid parts or thick septa; (5) no evidence of 
ascites, and (6) no matted bowel. The presence of thin 
septa did not preclude inclusion in this study. Ultra- 
sonographic examination was performed transabdom- 
inally with a full bladder and within 4 weeks of oper- 
ation. Before surgery, one of the authors (W. P.) re- 
viewed all scans with a radiologist for the above criteria. 
The size of the cysts on ultrasonography ranged from 
3 to9 cm with a mean of 5 cm. 

Serum CA 125 values were considered normal if 
<35 U/ml. All assays were done <2 weeks before sur- 
gery and they were done in one laboratory with a ra- 
dioimmunoassay kit (Centocor, Malvern, Pa.). The CA 
125 values ranged from 3 to 33 U/ml with a mean of 
18 U/ml. 

The patient was required to be an appropriate sur- 
gical candidate. Patients were consented for adnexec- 
tomy by operative laparoscopy and for possible lapa- 
rotomy. After general anesthesia was induced they had 
laparoscopic assessment of the pelvis and abdomen. If 
there was no evidence of tumor on the ovary or peri- 
toneal surfaces and no evidence of ascites, operative 
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laparoscopy was performed. A 10 mm laparoscope was 
placed through an infraumbilical incision and two or 
three accessory instruments were placed through su- 
prapubic incisions. If necessary, lysis of adhesions was 
performed to free the adnexa. The cystic mass was then 


aspirated carefully to minimize the potential for fluid 


spill. As described by Semm” three no. 1 catgut en- 
doloops were secured on the infundibulopelvic liga- 
ment and the adnexa was resected. The specimen was 
divided with 5 mm scissors and removed through an 11 
mm accessory cannula. Frozen section was done on the 
removed adnexa. The procedure was terminated when 
the tissue was benign. If a malignancy were found, we 
would proceed with immediate staging laparotomy. 
Laparotomy was also to be performed if necessary to 
manage a complication or if removal of the mass by 
operative laparoscopy was not feasible technically. 


Results 


The operative findings were benign in all cases con- 
firming the preoperative assessment. The histologic as- 
sessment of the 25 lesions were as follows: eight serous 
cysts, six serous cystadenomas, four serous cystadeno- 
fibromas, three paratubal serous cysts, three hydro- 
salpinges, and one benign retroperitoneal serous cyst. 

The operative time for those patients managed by 
operative laparoscopy ranged from 20 to 180 minutes 
with a mean of 73 minutes. The duration of the post- 
operative hospital stay for these patients ranged from 
3 to 24 hours with a mean of 12 hours. Return to 
normal activity ranged from 1 to 10 days with a mean 
of 5 days. One patient underwent operative laparos- 
copy during the course of a prolonged hospitalization 
(29 days) for a gastrointestinal and neurologic evalu- 
ation, and she is excluded from this analysis. 

Two patients had complications of surgery. One pa- 
tient had a perforation of the bladder with a 5 mm 
trocar that was managed successfully with at-home 
catheter drainage for 5 days. Another patient had an 
injury to the sigmoid colon during lysis of dense adhe- 
sions that led to laparotomy for management. Another 
patient had a frozen section that was inconclusive, thus 
requiring a laparotomy to complete the removal of a 
mass that was densely adherent to the pelvic perito- 
neum. Permanent sections revealed a benign serous 
cystadenofibroma. 

A third patient required laparotomy when laparo- 
scopic assessment revealed a benign paratubal cyst. In- 
cidentally, small papillary excrescences were noted on 
the contralateral ovary and omentum. Biopsy speci- 
mens of these revealed metastatic carcinoma consistent 
with primary breast cancer that had been diagnosed 5 
years earlier. Therefore exploratory laparotomy, bilat- 
eral salpingo-oophorectomy, and omentectomy were 
performed. . 
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Comment 


Adnexal masses may be discovered in postmeno- 
pausal women during routine examination or the eval- 
uation of gastrointestinal or pelvic complaints. The in- 
creased use of pelvic ultrasonography and computed 
tomography appears to be detecting both symptom- 
atic and incidental masses more frequently.® In addi- 
tion, transvaginal ultrasonography is under study as 
a screening method for ovarian cancer and has been 
shown to detect asymptomatic masses that then require 
investigation.” 

In 1971 Barber and Graber" described the “post- 
menopausal palpable ovary syndrome” on the basis of 
three patients found to have ovarian cancer in ova- 
ries that were of normal premenopausal size. They 
recommended total abdominal hysterectomy, bilateral 
salpingo-oophorectomy because of the presumed high 
risk of ovarian cancer in this age group. However, sub- 
sequent studies have shown that most of these masses 
are benign. Flynt and Gallup” found that 10 of 11 
patients with postmenopausal palpable ovaries had be- 
nign processes and one patient had an adenocarcinoma 
of the bowel. With ultrasonographic criteria similar to 
those applied in our study, Herrmann’ was able to ac- 
curately predict benign masses in 177 of 185 patients 
(96%). In addition, all 48 purely cystic tumors <10 cm 
were benign and 8 of 10 stage I ovarian cancers were 
accurately predicted. Likewise, Goldstein!’ found that 
in postmenopausal women, all 28 unilocular cysts <5 
cm were benign. Rulin” found that in postmenopausal 
patients, 31 of 32 adnexal masses (97%) <5 cm on 
ultrasonography were benign, regardless of consis- 
tency; whereas masses 5 to 10 cm were benign in 49 of 
55 patients (89%). Hall and McCarthy” found one bor- 
derline neoplasm and 12 benign processes in 13 post- 
menopausal women with simple adnexal cysts <10 cm. 
Granberg* compared the gross pathologic appearance 
of ovarian tumors with their histologic diagnosis, and 
in 116 women over 50 years of age with unilocular cysts, 
only one (0.08%) was malignant. 

CA 125, a tumor-associated surface antigen, has 
been studied to determine its value in preoperative 
differentiation of benign and malignant pelvic masses. 
Vasilev’? found that 128 of 132 patients (97%) with 
pelvic masses who had serum CA 125 values <35 
U/ml had benign masses. Of the other four patients, 
two had borderline lesions and only two had cystad- 
enocarcinomas, both of the mucinous type. Einhorn” 
found that 14 of 18 patients with CA 125 values <35 
U/ml had benign masses, two had borderline lesions, 
and two had mucinous cystadenocarcinomas. O’Con- 
nell et al.'* found in a population referred to a tertiary 
center because of a clinical suspicion of ovarian cancer, 
all 30 patients who had a CA 125 values <35 U/ml had 
benign masses. Finkler combined the use of ultraso- 
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nography, CA 125 values and clinical impression to 
evaluate adnexal masses preoperatively and found that 
all 10 postmenopausal patients predicted to have be- 
nign processes were accurately predicted. Similarly, 
Jacobs” found that in nine postmenopausal women 
with increased ovarian volumes on ultrasonographic 
examination and CA 125 values <30 U/ml, seven pa- 
tients had benign cysts and two had a normal pelvis. 

Our study also suggests that use of a combined ap- 
proach with CA 125 values <35 U/ml and an ultra- 
sonogram showing a “benign appearing” mass is a rea- 
sonable selection process. In all 25 patients the masses 
were accurately predicted to be benign. 

Some authors have recommended removal of all pel- 
vic organs at the time of exploratory laparotomy in 
postmenopausal women to remove potentially neo- 
plastic tissue.” However, the risk of cancer developing 


-in a remaining ovary that appears normal at laparos- 


copy in postmenopausal women should be less than the 
3 to 5 per 10,000 incidence of ovarian cancer in this 
age-group.’ The incidence of uterine cancer is also low 
in asymptomatic screened postmenopausal women (Le., 
approximately 1.7 per 1000).*° Thus the performance 
of a laparotomy may be discretionary in selected pa- 
tients. A contralateral adnexectomy could be per- 
formed selectively, although we chose not to remove 
normal appearing adnexa in these patients because of 
the added operating time and potential morbidity. 

Thought might also be given to adnexectomy by 
minilaparotomy in this group of patients. However, we 
believe that evaluation of the entire pelvis and abdomen 
by the laparoscope is superior to that possible during 
minilaparotomy. In addition, time for return to full 
activity should be shorter with operative laparoscopy. 

Laparoscopic drainage or removal of these masses in 
this population has generally been avoided because of 
the theoretic risk of “spilling” cancer cells into the peri- 
toneal cavity and the fear of decreasing the patients 
survival,” although this has not been documented. 
Dembo and colleagues* have presented recent evi- 
dence in a large study of 519 patients with stage I ep- 
ithelial ovarian cancer that the only factors that influ- 
enced the ulumate rate of re-apse and survival were 
the tumor grade, the presence of dense adhesions, and 
the presence of large volume ascites. When these fac- 
tors were accounted for in a logistic regression, mul- 
tivariate analysis the rate of relapse and prognosis was 
not influenced by rupture of the tumor. Thus the the- 
oretic potential for tumor dissemination by rupture 
of a malignant cyst remains ccnjectural. 

Some authors*** have advocated simple drainage of 
ovarian lesions with the laparoscope or transvaginally 
with ultrasonographic guidance. Kjellgren” found that 
10% of aspiration cytologies were read as benign when, 
in fact, carcinoma was present. Tropé” was able to iden- 
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tify only four of 12 malignant cysts by aspiration cy- 
tology, indicating the inadequacy of this procedure for 
definitive diagnosis. In addition, many of the lesions in 
our study had functional epithelium and therefore 
might be expected to persist unless removed. 
Goldstein" suggested that purely cystic masses <5 
cm might be followed up with serial ultrasonographic 
examinations in seriously ill patients. However, with- 
out removal the diagnoses remains in question. By re- 
moving the entire adnexa with operative laparoscopy, 
a complete specimen is provided for precise patho- 
logic analysis and persistence is precluded. Orlando” 
showed that in 345 patients over the age of 60 years 
who had laparoscopy the complication rate was no dif- 
ferent than in 1509 younger patients. Our study also 
showed that operative laparoscopy is well tolerated in 
postmenopausal women and that the hospital stay and 
the time to recovery are shorter than expected from 
laparotomy. We believe that removal of these adnexal 
masses is appropriate, and that management by oper- 
ative laparoscopy allows an acceptable alternative in 
carefully selected postmenopausal women. More ac- 
curate tumor markers and the use of vaginal ultraso- 
nography might enhance the selection process.*° 


REFERENCES 


I. Creasman W, Soper J. The undiagnosed adnexal mass 
after the menopause. Clir. Obstet Gynecol 1986;29:446- 
52. 

2. Eriksson L, Kjellgren O, Von Scholtz R. Functional cyst 
or ovarian cancer: histopathological findings during one 
year of surgery. Gynecol Obstet Invest 1985; 19:155-9. 

3. Granberg S, Wikland M, Jannson I. Macroscopic char- 
acterization of ovarian tumors and the relation to the his- 
tological diagnosis: criteria to be used for ultrasound eval- 
uation. Gynecol Oncol 1989;35:139-44. 

4. Berek J, Hacker N. Practical gynecologic oncology. Bal- 
timore: Williams and Wilkins, 1989:328. 

5. DiSaia F, Creasman W. Clinical gynecologic oncology. 
St. Louis: CV Mosby, 1989:311. 

6. Koss L, Schreiber K, Oberland S, et al. Detection of en- 
dometrial carcinoma and hyperplasia in asymptomatic 
women. Obstet Gynecol 1964;64:1. 

7. Levine R. Economic impact of pelviscopic surgery. J Re- 
prod Med 1985;30:655-9. 

8. Nezhat C, Winter W, Nezat F. Laparoscopic removal of 
dermoid cysts. Obstet Gynecol 1989;73:278-80. 

9. Herrman U, Locher G, Goldhirsch A. Sonographic pat- 
terns of ovarian tumors: prediction of malignancy. Obstet 
Gynecol 1987;69:777-81. 

10. Rulin M, Preston A. Adnexal masses in postmenopausal 
women. Obstet Gynecol 1987;70:578-81. l 
11. Goldsetin S, Subramanyam B, Snyder J, Beller U, Rag- 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19, 
20. 


21, 


22, 


23. 


24. 


25. 
26. 


27: 


28, 


29. 


30. 


Postmenopausal adnexal masses 1577 


havendra N, Beckman E. The postmenopausal cystic ad- 
nexal mass: the potential role of ultrasound in conser- 
vative management. Obstet Gynecol 1989;73:8-10. 
Vasilev S, Schlaerth J, Campeau J, Morrow P. Serum CA 
125 levels in preoperative evaluation of pelvic masses. 
Obstet Gynecol 1988;71:751-6. 

Einhorn N, Bast R, Knapp R, Tjernberg B, Zurawski R., 
Preoperative evaluation of serum CA 125 levels in patients 
with primary epithelial ovarian cancer. Obstet Gynecol 
1986;67:414-6. 

O'Connell G, Ryan E, Murphy J, Prefontaine M. Predic- 
tive value of CA 125 for ovarian carcinoma in patients 
presenting with pelvic masses. Obstet Gynecol 1987;70: 
930-2. 

Di-Xia C, Schwartz P, Xinguo L, Zhan Y. Evaluation of 
CA 125 levels in differentiating malignant from benign 
tumors in patients with pelvic masses. Obstet Gynecol 
1988;72:23-7. 

Finkler N, Benacerrat B, Lavin F, Wojciechowski C, 
Knapp R. Comparison of serum CA 125, clinical impres- 
sion, and ultrasound in the. preoperative evaluation of 
ovarian masses. Obstet Gynecol 1988;72:659-664. 

Semm K. Operative manual for endoscopic abdominal 
surgery. Chicago: Year Book Medical Publishers, 1987: 
181-3. | 

Higgins R, van Nagel J, Donaldson E, et al. Transvaginal 
sonography as a screening method for ovarian cancer. 
Gynecol Oncol 1989;34:402-5. 

Barber H, Graber E. The postmenopausal palpable ovary 
syndrome. Obstet Gynecol 1971;38:921-3. 

Flynt J, Gallup D. The postmenopausal ovary syndrome: 
a fourteen-year review. Military Med 1981;146:686-8. 
Hall D, McCarthy K. The significance of the postmeno- 
pausal simple adnexal cyst. J Ultrasound Med 1986;5: 
503-5, 

Jacobs I, Stabile 1, Bridges J, et al. Multimodal approach 
to screening for ovarian cancer. Lancet 1988;1:268-71. 
Purola A, Neeminen V. Does rupture of cystic carcinoma 
during operation influence the prognosis? Ann Chir Gy- 
naecol 1968;57:615-7. 

Dembo A, Davy M, Stenwig A, Berle E, Bush R, Kjorstad 
K. Prognostic factors in patients with stage I epithelial 
ovarian cancer. Obstet Gynecol 1990;75:263-72. 
Kleppinger R. Ovarian cyst fenestration via laparoscopy. 
J Reprod Med 1978;21:16-9. 

Montanari L, Saviotti C, Zara C. Aspiration of ovarian 
cysts: laparoscopy or echography? Acta Eur Fertil 1987; 
18:45-7. 

Kjeligren O, Angstrom T, Bergman F, Wilkund D. Fine 
needle aspiration biopsy in diagnosis and classification of 
ovarian carcinoma. Cancer 1971;28:967-76. 

Tropé C. The preoperative diagnosis of malignancy of 
ovarian cysts. Neoplasia 1981;28:117-21. 

Orlando R, Lirussi F, Nassuato G, Okolicsany L. Com- 
plications of laparoscopy in the elderly: a report on 345 
consecutive cases and comparison with a younger popu- 
lation. Endoscopy 1987;19:145-6. 

Leibman A, Kruse B, McSweeney M. Transvaginal so- 
nography: comparison with transabdominal sonography 
in the diagnosis of pelvic masses. Am J Roentgen 
1988;151: 

89-92. 


‘Hyperadrenergic orthostatic intolerance as a a result of 


postpartum blood loss 


Scott L. Mader, MD, Judith A. Mackall, MD, and Martin P. eke MD 


Cleveland, Ohio 


This article describes a young women in whom orthostatic intolerance developed as a result of protracted 
postpartum vaginal bleeding. The cardiovascular abnormalities were unresponsive to usual treatment 
measures, and she required combination therapy directed at increasing plasma volume and decreasing 
sympathetic nervous system activity. After resolution of her symptoms, the patient required no long-term 
therapy. Chronic blood loss has not been reported as a cause of this syndrome, (Am J OBSTET GYNECO_ 


1990;163:1578-9. ) 


Key. words: Hypotension, postpartum, hyperadrenergic 


Orthostatic hypotension usually results from two ma- 
jor causes. It can occur as a result of an inadequate 
nervous system response that is a result of central or 
peripheral nervous system dysfunction from disease or 
medications. Orthostatic hypotension can also occur as 
a result of excessive stress to the cardiovascular system, 
such as a decrease in blood volume, or vasodilation. 
Patients in this latter group often demonstrate a su- 
pranormal] heart rate response and narrowing of the 
pulse pressure; the condition is also known as hyper- 


adrenergic orthostatic intolerance. We report a case of 


hyperadrenergic orthostatic intolerance that developed 
after chronic postpartum blood loss that was not re- 
versible with volume replacement. Chronic blood loss 
has not been previously reported as a cause of this 
disorder. 


Case report 


The patient was a 30-year-old black. woman with no 
previous medical problems. Six weeks before admission 
she had an uncomplicated vaginal delivery of her fifth 
child. Four weeks before admission heavy vaginal 
bleeding developed and the patient was.seen in the 
emergency room ‘for syncope. She was markedly or- 
thostatic and had a hematocrit value of 17%. The pa- 
tient had transfusion on two occasions and was admit- 
ted 2 weeks later because of continued bleeding. She 
had curettage that showed retained placental products. 
She was discharged with iron sulfate therapy, 325 mg 
three times a day, as her only medication. The patient 
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was seen in the emergency room two additional times 
within the following week. Both times she was markedly 
orthostatic and tachycardic with a stable hematocrit 
level. She was treated with normal saline solution fluid 
replacement and her symptoms and blood pressure im- 
proved. However, her symptoms recurred after several 
hours. 

~On the day of- dinsla the patient again com- 
plained of dizziness, palpitations, ànd weakness. She 
denied flushing, nausea, vomiting, diarrhea, polydyp- 
sia, polyuria, or vaginal bleeding. She denied any med- 
ication use other.than iron sulfate. On examination, 
her sitting blood pressure was 140/100 mm Hg with a 
pulse of 92 beats/min; standing blood pressure was 
120/80 mm Hg with a pulse of 176 beats/min. The 
remainder of the examination was unremarkable in- 
cluding skin turgor, cardiac, neurologic, rectal, and pel- 
vic findings. She received 4 L of normal saline soluticn 
in the emergency room before admission. 

Physical examination on admission to the medical 
floor showed a thin, black woman who was nervous but 
otherwise comfortable. Her temperature was 36.8° C, 
supine blood pressure 138/82 mm Hg with pulse of 76 
beats/min, sitting blood pressure 122/84 mm Hg with 
pulse of 96 beats/min, and a standing pulse of 12 
beats/min. The lungs were clear to.auscultation. Car- 


. diovascular examination showed a normal point of 


maximal impulse, jugular venous pressure of 6 cm, and 
normal S, and S, sounds with no appreciable murmur. 
The abdomen was normal, and digital rectal exami- 
nation showed guaiac-negative stool. A pelvic exami- 
nation was unremarkable with no vaginal discharge or 
bleeding. - 

Laboratory test samples drawn before saline solu- 
tion infusion in the emergency room included hemat- 
ocrit of 33%, white blood cell count of 6 x 10°/L, a 
platelet count of -271 x 10°/L, and a reticulocyze 
count of 3.9%. The erythrocyte sedimentation rate 
was 7. mm/hr. Serum eléctrolyte analysis showed the 


. following levels: sodium, 138 mmol/L; potassium, 


4.6 mmol/L; chloride, 103 mmol/L; bicarbonate, 2 
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mmol/L; and glucose, 4.33 mmol/L. A urine toxicology 
screen was negative. An electrocardiogram showed bor- 
derline sinus tachycardia; the chest x-ray film was 
normal. | 

The patient’s hospital course was remarkable for 
continued orthostasis despite aggressive rehydration. 
The following tests were obtained and had normal re- 
sults: pelvic ultrasonography, thyroid function tests, 
urine electrolytes and specific gravity, cosyntropin stim- 
ulation test, aldosterone, prolactin, luteinizing. hor- 
mone, follicle-stimulating hormone, echocardiogram, 
and computerized tomography of the head. Autonomic 
function testing was performed: on the fifth hospital 
day and is shown in Table I. 

The patient was treated with fludrocortisone, 0.1 mg 
twice daily; atenolol, 50 mg daily, high-salt diet, ele- 
vation of the head of the bed with blocks, and was 
instructed to spend as much time as possible in the 
upright position. On this regimen her condition im- 
proved after 2 days and her weight increased approx- 
imately 3 kg over the next week. Follow-up blood pres- 
sure readings are shown in Table I. All medications 
were tapered after 1 month with no recurrence of 
symptoms and no change in orthostatic blood pressure 
parameters. 


Comment 


This patient appeared to have orthostatic intolerance 
as a result of prolonged blood loss after a spontaneous 
vaginal delivery. However, despite the appropriate cor- 
rective measures (saline solution infusion, blood trans- 
fusion), she continued to have orthostatic symptoms 
with prominent tachycardia. She responded to com- 
bination treatment with a high-salt diet, elevation of 
the head of the bed, fludrocortisone, and B-blockade. 
When ‘her blood pressure normalized, all treatment 
measures were stopped and she remained asymp- 
tomatic. — 

This type of orthostatic hypotension (with prominent 
tachycardia and narrowing of the pulse pressure) has 
also been called hyperadrenergic orthostatic intoler- 
ance, sympathotonic orthostatic hypotension, irritable 
heart syndrome, vasoregulatory asthenia, hyperkinetic 
heart syndrome, or hyperdynamic B-adrenergic cir- 
culatory state.’ The hallmark of this condition is normal 
autonomic function with a brisk tachycardia to upright 
posture and relative maintenance of diastolic pressure. 

Hyperadrenergic orthostatic intolerance can be seen 
with many conditions, including cardiac disease (mi- 
tral valve' prolapse, paroxysmal tachycardias, atrial 
myxoma, hypertrophic cardiomyopathy), decondition- 
ing (prolonged recumbency or space travel), inade- 
quate blood volume (dehydration, bleeding, renal salt 
wasting, adrenal insufficiency, pheochromocytoma, di- 
uretic use), excessive pooling (large varicose veins, 
pregnancy, or sympathectomy), excessive vasodilation 
(fever, medications, hypokalemia, hyperbradykininism, 
hot bathing, strenuous exercise), and other miscella- 
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Table I. Autonomic function -testing results 












Blood 
pressure 
(mm Hg) 






Pulse 


Condition (beatsi min) 





Pretreatment 
Supine 122/79 102 
Standing 121/93 136 
Walking 112/88 136 
Isometric handgrip +11/+19 +20 
Cold pressor +10/+5 +10 
Supine after standing + 30/+ 10 — 46 
After treatment 
Supine 124/80 80 
Standing 114/78 88 
Walking 117/77 93 


All readings were taken with an automated blood pressure 
cuff (Physiocontrol Lifestat, Redmond, Wash.). Supine read- 
ings are the mean of the second and third readings after 5 
minutes of supine rest. Standing values are after 60 seconds 
in the upright position. Walking values are values after 5 min- 
utes of standing and 2 minutes of walking. Isometric handgrip 
is the maximum change from baseline during 3 minutes of 
30% maximal handgrip. Cold pressor is the maximum change 
from baseline after 1 minute of hand immersion in ice water. 


neous causes (idiopathic, postviral, or during rapid 
weight loss). 

The pathophysiologic characteristics of hyperadre- 
nergic orthostatic intolerance are not understood. Sev- 
eral investigators” * have studied this syndrome; from 
the data there appear to be components of autonomic 
nervous system hyperresponsiveness, volume deple- 
tion, and excessive venous pooling. The initiating event 
in most patients is not known. In our patient it appears 
that the primary event was blood loss caused by retained 
placental products. An important factor may have been 
the extended blood loss over a 2-week period before 
definitive treatment to stop the bleeding. As a result of 
the decreased blood volume, compensatory sympa- 
thetic nervous system overactivity developed. At this 
point, further attempts to reverse volume state were 
unsuccessful because of vasoconstriction caused by the 
sympathetic nervous system overactivity. Except for 
standing tachycardia and orthostasis, observation of her 
clinical state would suggest that her volume status was 
normal because she was not thirsty, had normal skin 
turgor, and had normal jugular venous pressure. Only 
after combination treatment with volume expansion, 
elevation of the head of the bed, and B-blockade (to 
decrease sympathetic nervous system outflow) did her 
symptoms resolve. Use of clonidine may have béen 
equally efficacious to B-adrenergic blockade.’ 
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Cervicovaginal microflora and pregnancy outcome: 
Results of a double-blind, placebo-controlled trial of 


erythromycin treatment 
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Available information suggests that some instances of preterm birth or premature rupture of membranes 
are associated with clinically unrecognized infection and inflammation of the lower uterine segment, 
decidua, and fetal membranes. Various cervicovaginal microorganisms have been recovered from these 
sites. Many of these microorganisms produce factors that may lead to weakening of the fetal membranes, 
release of prostaglandins, or both. This study evaluated the presence of various lower genital tract 
microflora and bacterial conditions in 229 women enrolled in a double-blind, placebo-controlled trial of 
short-course erythromycin treatment at 26 to 30 weeks’ gestation to prevent preterm birth. Demographic, 
obstetric, and microbiologic parameters were prospectively evaluated. Premature rupture of membranes 
occurred less frequently (p < 0.01) among women who received erythromycin (6%) versus placebo (15%). 
Preterm premature rupture of membranes also occurred less frequently, although not significantly 

(p = 0.3) in patients who received erythromycin (2%) versus placebo (5%). Erythromycin treatment 
significantly decreased the occurrence of premature rupture of membranes among women who were 
initially positive for Chlamydia trachomatis infection, Logistic regression analysis demonstrated that 

C. trachomatis (p = 0.05; odds ratio, 9), vaginal wash phospholipase C (p = 0.08; odds ratio, 6) and 
prior preterm birth (p = 0.007; odds ratio 17) were associated with increased risk.of preterm birth. 
Bacterial vaginosis, Mycoplasma hominis, Ureaplasma urealyticum were not significantly associated with 
increased risk of preterm birth or preterm rupture of membranes. These findings support a role for selected 
lower genital tract microflora in preterm birth and premature rupture. Large controlled treatment trials oj 
specific infections or conditions associated with preterm birth and premature rupture of membranes are 
required tc confirm the value of antimicrobial treatments in prevention of microbial-associated preterm 


birth. (Am J OssTer Gyneco. 1990;163:1580-91.) 
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Gestational age and birth weight are the most 
important biologic determinants of an individual’s 
chances for survival and healthy growth and develop- 
ment.’ Approximately 300,000 infants are born in the 
United States each year with the biologic disadvantages 
of prematurity. Of these approximately 15% to 20% 
die in the newborn period.’ 
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To be maximally effective in prevention of preterm 
birth, intervention strategies should be cause specific 
and based on understanding of pathophysiology. Much 
information indicates that infectious processes and re- 
sultant inflammation in and around the uteroplacental 
unit are involved in the pathogenesis of a proportion 
of women who suffer preterm labor, premature rup- 
ture of membranes, and premature birth.? Mechanisms 
by which cervicovaginal microflora and host inflam- 
matory cells may act to mediate preterm birth re- 
quire further elucidation. Cervicovaginal microorgan- 
isms may gain access to the lower .uterine segment 
through the cervix and directly mediate infection in- 
volving the decidua, the chorioamnion, and possibly 
the placenta. Such infections may be initially unrec- 
ognized, and if uncontained, can progress to clinically 
apparent chorioamnionitis with intraamniotic fluid in- 
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fection and possible fetal sepsis.* Cervicovaginal micro- 
flora and host inflammatory cells may also mediate or 
promote preterm labor or preterm rupture of mem- 
branes through the release of various phospholipases 
and proteases.“ ° 

Attempts to improve pregnancy outcome with anti- 
microbial treatment to eliminate specific lower urogen- 
ital tract microorganisms remain inconclusive but en- 
couraging. Elder et al.° noted increased birth weight 
among newborns of women without bacteriuria who 
were treated antenatally with a 6-week course of tet- 
racycline.® In an attempt to eliminate genital infections 
caused by Ureaplasma urealyticum, Mycoplasma Hominis, 
or both organisms among pregnant women, Kass et al.’ 
and McCormack et al.* demonstrated increased birth 
weight among newborns of pregnant women who re- 
ceived erythromycin for up to 6 weeks during the third 
trimester. Neither study specifically discussed the oc- 
currence of preterm premature rupture of membranes 
or the presence of other various genitourinary tract 
microflora. Recently Nugent et al. were unable to dem- 
onstrate benefits from antenatal erythromycin treat- 
ment in women colonized with U. urealyticum but not 
M. hominis, group B streptococcus, or Chlamydia tra- 
chomatis (Nugent RP, et al., Society for Epidemiologic 
Research Abstracts, 1989;929-30). In a study focused 
on women with group B streptococcal urinary tract 
colonization, Thomsen et al.” reported a reduction in 
the occurrence of premature rupture of membranes 
and preterm birth among women treated with penicil- 
lin. Among women hospitalized with preterm labor 
who received parenteral tocolytic therapy, several stud- 
ies have shown mixed results of erythromycin or am- 
picillin treatment or a combination of the two drugs in 
prolonging pregnancy.'®"! 

We undertook this study to prospectively evaluate 
associations of cervicovaginal microflora and selected 
lower genital tract microbe-associated factors with 
pregnancy outcomes. We used a short course of orally 
administered erythromycin to “probe” the relationship 
of these microbial factors or conditions with obstetric 
and neonatal outcomes including premature rupture 
of membranes, preterm premature rupture of mem- 
branes (<37 weeks’ gestation), gestational length, birth 
weight, and newborn infection in a group of inner-city 
pregnant women. l 


Methods 


From October 1985 to August 1988, 235 women be- 
tween 26 and 30 weeks’ gestation who attended publicly 
supported antenatal clinics in the Denver metropolitan 
area were enrolled in this prospective double-blind, 
placebo-controlled study. Prior evaluations of unse- 
lected women at these same inner-city sites showed rates 
of preterm birth between 16% to 20%, with the major- 
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ity of these births occurring after 26 weeks’ gestation 
(John McFee, MD, personal communication). In the 
studies by Kass et al.” and McCormack et al.,° only 
erythromycin given in the third (vs second) trimes- 
ter of pregnancy was associated with increased birth 
weight. Therefore we enrolled and treated patients be- 
tween 26 and 30 weeks’ gestation. 

Written informed consent was obtained as approved 
by the institutional human subjects committees. Women 
were excluded if they had a recognized cause for pre- 
maturity (multiple gestation, placenta previa, or cer- 
vical incompetence); if they had severe cardiac, renal, 
respiratory or immunologic diseases; or if they were 
allergic to erythromycin. Subsequently six women were 
excluded from analysis: four women were lost to follow- 
up after enrollment, one was treated for premature 
labor on the day of enrollment, and one woman ex- 
perienced intrauterine fetal death at 30 weeks’ gesta- 
tion. The total evaluated sample included 229 women 
and their newborns. 

Clinical evaluation. Women were enrolled by one of 
three experienced clinicians. Participants were inter- 
viewed to obtain demographic, social, behavioral, sex- 
ual, medical, and obstetric information. Specific infor- 
mation regarding urogenital symptoms was recorded. 

A vaginal speculum examination was performed 
and characteristics of vaginal discharge (consistency, 
amount, color, odor) were recorded on standard forms. 
Samples were obtained as follows. One milliliter of sa- 
line solution was inoculated with a cotton swab .con- 
taining vaginal fluid for microscopic examination for 
Trichomonas vaginalis, yeast pseudohyphae, and release 
of amine odor with addition of 10% potassium hy- 
droxide “whiff test.” This sample was then held at 4° C 
and evaluated in the laboratory for nonspecific protease 
activity using Azocoll substrate.’ Vaginal fluid pH was 
assessed directly with Nitrazine paper (Squibb, Prince- 
ton, N.J.) and recorded as >4.5 or $4.5. An additional 
sample of vaginal fluid was allowed to air dry on a slide 
for Gram stain evaluation of bacterial vaginosis and 
Mobiluncus spp. morphotypes.” 

Separate endocervical swabs were immediately in- 
oculated onto a chocolate agar and a modified Thayer- 
Martin split plate for the recovery of Neisseria gonor- 
rhoeae organisms, and into sucrose-phosphate gluta- 
mate transport media for recovery of C. trachomatis. 
Cervicovaginal swabs were inoculated onto 5% sheep 
blood agar (tryptic soy base, Remel, Denver) for re- 
covery of group A streptococcus, group B strepto- 
coccus, Staphylococcus aureus, Gardnerella vaginalis, and 
yeast organisms. These microorganisms were iden- 
tified with standard techniques. Additional vaginal 
swabs were inoculated into a standard mycoplasma 
medium for recovery of M. hominis and U. urealyti- 
cum. Cultures for C. trachomatis, M. hominis, and 
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U. urealyticum specimens were frozen at — 70° C and 
processed in batches. After 48 hours’ incubation at 
35° C, inoculated cycloheximide-treated McCoy cell 
monolayers were treated with fluorescence-conjugated 
anti-chlamydia monoclonal antibody (Syva Microtrak, 
Syva Co., Palo Alto) and examined microscopically for 
the presence of stained inclusions. Negative cultures 
were blind passaged once and reprocessed. M. hominis 
and U. urealyticum organisms were cultured and iden- 
tified with the Mycotrim GU Triphasic Culture System 
(Hana Biologics, Inc., Alameda, Calif.) 

After microbial samples were obtained and vaginal 
pH was determined, the posterior vaginal fornix was 
irrigated with 4 ml of sterile Dulbecco’s buffered saline 
solution and after standardized mixing was aspirated 
into a sterile syringe. The vaginal wash specimens were 
frozen immediately at — 20° C, then frozen at — 70° C 
within 4 hours of collection. Wash samples were eval- 
uated in batches for nonspecific protease,’ phospholi- 
pase C," and total protein (Biorad, Richmond, Calif.). 

Proline aminopeptidase was quantified in these sam- 
ples by a modification of the method of Thomasen 
et al. Vaginal samples were incubated for 4 hours 
with proline nitroanilide (0.2 gm/100 ml Tris buffer) 
at 37° C, 6% carbon dioxide. Samples were read at 450 
nm and compared with standard leucine aminopepti- 
dase for quantitation. 

Treatment and follow-up. After initial examina- 
tion the women were given a sealed bottle contain- 
ing 21 tablets and were instructed to take one tab- 
let three times a day for 1 week, and to record 
when they took the tablet on a medication diary. 
Treatment was prepared and randomized by means 
of a computer-generated random number list by 
The Upjohn Company (Kalamazoo). Women received 
identical-appearing treatment bottles and tablets that 
were either erythromycin base (E-Mycin, Upjohn) 333 
mg, or placebo. Patients continued routine prenatal 
care after enrollment in the study. 

Two to four weeks after enrollment the women were 
seen by one of the investigators during a routine pre- 
natal visit; diaries and bottles were collected and unused 
pills were counted. Women were questioned regarding 
side effects, sexual activity, and signs and symptoms of 
vaginitis before repeat vaginal sampling. 

Only positive N. gonorrhoeae cultures were reported 
to health care providers. Except for one patient with 
N. gonorrhoeae infection, sexual partners of patients 
were not referred for evaluation and treatment. Ma- 
ternal and newborn medical records were reviewed to 
obtain additional information on antenatal, intrapar- 
tum, and postpartum maternal course and the newborn 
course through 3 months of age. If records were un- 
available the data were obtained by telephone calls and 
written correspondence to private physicians and pa- 
tients. 
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Definitions. Gestational age was determined before 
data analysis and based on best clinical criteria, which 
included last menstrual period, fetal growth, and ul- 
trasonographic measurements, and newborn gesta- 
tional age assessment.” Preterm labor was defined as 
regular uterine contractions (two or more in 10 min- 
utes) treated with hospitalization and at least one sub- 
cutaneous injection or intravenous infusion of tocolytic 
agent followed by oral tocolytic therapy, or labor that 
resulted in a preterm birth. Patients with preterm la- 
bor that followed preterm premature rupture of mem- 
branes were not counted as preterm labor patients. Pre- 
mature rupture of membranes was defined as rupture 
of membranes at least 1 hour before the onset of uter- 
ine contractions. Preterm premature rupture of mem- 
branes was defined as rupture of membranes before 
labor (as above) before 37 weeks’ gestation. Preterm 
birth was considered as birth before completion of 37 
weeks’ gestation. Infants who weighed <2500 gm at 
birth were considered low birth weight. 

Data analysis. Data were summarized by use of de- 
scriptive statistics. Statistical significance of treatment 
group differences and other univariate associations 
were tested with x? or Fisher’s exact test (two-tailed). 
Continuous data were analyzed with Student’s ¢ test. 
When appropriate, the relative risk and 95% confi- 
dence intervals were calculated. Findings from initial 
microbiologic tests were analyzed for associations with 
pregnancy outcomes. To control the effects of multiple 
independent variables on the development of preterm 
birth, low birth weight, and premature rupture of 
membranes, logistic regression analyses were per- 
formed with the SAS LOGIST program (SAS Institute 
Inc., Cary, N.C.) ona VAX computer. Multivariate anal- 
ysis was not attempted for the dependent variables pre- 
term premature rupture of membranes or preterm 
birth without prior premature rupture of membranes 
because of the small number of women with these out- 
comes. Alpha was set at 0.05 for both univariate and 
multivariate analysis. The Breslow-Day test for ho- 
mogeneity of results of odd ratios was used to confirm 
significance as appropriate. 


Results 


The demographic aspects of study women are de- 
scribed in Table I. There were no differences between 
demographic, historical, or behavioral characteristics 
for the 119 women randomized to receive erythro- 
mycin and the 110 women who received placebo. Use 
of “crack” or cocaine was reported by five women who 
received erythromycin and two who received placebo. 
Each of these women was delivered at term. 

Reported signs and symptoms of vaginitis and char- 
acteristics of vaginal discharge were similar between 
study groups. Approximately 5% of patients in each 
group noted vaginal irritation, itching, or burning at 
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Table I. Demographic, historical, and behavioral characteristics for women treated with erythromycin 


and placebo 


Characteristic 


Demographic 
Maternal age (yr) 
Mean + SD 
Range 
Ethnicity 
White 
Black 
Hispanic 
Other 


Unmarried 


Historical 
Gravidity 
Mean + SD 
Range 
Primigravid 
Past preterm birth} 
Past sexually transmitted diseaset 
Past pelvic inflammatory disease 


Behavioral 
Smoking (>10 cigarettes/day) 
Alcohol (any) : 
Street drug use (any) 


*One or more prior births <37 weeks’ gestation. 


Erythromycin Placebo 
(N = 119) (N = 110) 
23.0 + 4.3 23.2 + 4.2 
13-37 16-34 
45 (37.8%) 43 (39.1%) 
42 (35.3%) 42 (38.2%) 
30 (25.2%) 21 (19.1%) 
2 (1.6%) 4 (3.6%) 
66 (55.5%) 60 (54.5%) 
2.9 + 1.8 2.8 + 1.6 
l-11 1-8 
29 (24.4%) 30 (27.3%) 
15 (12.6%) 12 (10.9%) 
61 (53%) 57 (54.3%) 
24 (20.9%) 20 (19.2%) 
29 (24.4%) 36 (32.7%) 
25 (21.0%) 30 (27.3%) 
23 (19.3%) 14 (12.7%) 


+History prior to this pregnancy of any of the following: pelvic inflammatory disease, gonorrhea, chlamydia, trichomonas, 


syphilis, herpes simplex virus, genital warts. 


enrollment. No patient was diagnosed with vaginitis by 
her regular health care provider on the day of study 
enrollment. 

Recovery rates for the test microorganisms and 
vaginal substances were similar at study enrollment 
among the patients randomized to receive erythro- 
mycin or placebo, except that women randomized to 
the placebo group more often had vaginal pH >4.5 
(Table II). 

Follow-up examination was performed approxi- 
mately 1 month (x = 27 days) after study enrollment 
for 75 (63%) women who were treated with erythro- 
mycin and 81 women (74%) who were given placebo. 
Vaginal recovery of M. hominis among women who re- 
ceived erythromycin was 24% at intake and 12% af- 
ter treatment (Table II). However, among the nine 
women treated with erythromycin who were positive 
for M. hominis at entry and available for reexamina- 
tion, seven remained positive at follow-up. Detection 
of C. trachomatis and Molbiluncus spp. morphotypes 
among women who were initially positive was decreased 
after erythromycin treatment, but not significantly 
(p = 0.1, data not shown). Detection of group B strep- 
tococcus, bacterial vaginosis, U. urealyticum, Staphylococ- 
cus aureus, G. vaginalis, yeast species, proline amino- 
peptidase, levels of vaginal phospholipase C, nonspe- 
cific protease, and vaginal pH >4.5 did not differ from 
pretreatment levels or prevalence after erythromycin 
treatment (Table II). 

Antenatal complications. Various medical problems 


were experienced by 19 (16%) patients in the eryth- 
romycin group and 11 (10%) patients in the placebo 
group (p = 0.2). These complications were well con- 
trolled and not implicated in preterm birth, except for 
one patient in the placebo group who was diagnosed 
with systemic lupus erythematosus (preterm delivery 
with premature rupture of membranes) and one pa- 
tient treated with erythromycin who required antihy- 
pertensive and asthma-related medications (delivery at 
term). 

Twenty-five percent of patients in the erythromycin 
group and 16% of patients in the placebo group re- 
ported antenatal vaginal bleeding (p = 0.1). One pa- 
tient in the placebo group was diagnosed with a low- 
lying placenta that resolved; she was delivered at term 
without further complications. An additional patient in 
the erythromycin group was diagnosed with placenta 
previa after study enrollment. This patient was seen 
with complaints of preterm premature rupture of 
membranes at 33 weeks’ gestation; she was delivered 
at 36 weeks by cesarean section after demonstration of 
fetal lung maturity. 

Seven women in the erythromycin group (6%) and 
five women in the placebo group (4%) were followed 
up for gestational diabetes. Polyhydramnios developed 
in two women in each treatment group, and three 
women in the erythromycin group (2%) and one (1%) 
patient who received placebo had oligohydramnios. 
Seven (6%) patients in the erythromycin group and 
five (4%) patients in the placebo group were followed 
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Table II. Pretreatment and posttreatment microorganisms and virulence factors detected for 


erythromycin and placebo groups 


Intake Posttreatment” 
Erythromycin Placebo Erythromycin Placebo 
Test (N = 119) (N = 110) (N = 75) (N = 81) 
N. gonorrhoeae 1 (1%)+ 0 0 0 
C. trachomatis 13 (12%) 13 (12%) 7 (10%) 9 (12%) 
U.-urealyticum 74 (76%) 82 (84%) 42 (64%) 58 (84%) 
M. hominis . 24 (24%) 17 (18%) 8 (12%) 12 (17%) 
Bacterial vaginosis 32 (27%) 25 (23%) 19 (26%) 21 (27%) 
Mobiluncus species 15 (13%) 14 (13%) 9 (12%) 12 (16%) 
G. vaginalis 27 (23%) 32 (29%) 20 (27%) 20 (26%) 
T. vaginalis 4 (4%) 5 (5%) 1 (1%) 3 (4%) 
S. aureus 8 (7%) 4 (4%) 2 (3%) 3 (4%) 
Group B 
streptococcus 6 (5%) . 1%) 6 (8%) 2 (3%) 
Group A 
streptococcus 1%) 1 (1%) 1 (1%) 10%) 
Yeast species 42 (35%) 44 (40%) 22 (29%) 18 (24%) 
Vaginal pH > 4.5 23 (21%) 37 (37%): 20 (28%) 22 (29%) 
Proline aminopeptidase 36 (32%) 37 (36%) 20 (32%) 20 (31%) 
Phospholipase C 7 (6%) 9 (9%) 3 (5%) 7 (10%) 
Nonspecific protease 26 (24%) 32 (30%) 17 (25%) 21 (28%) 


*There were no differences in the overall frequency of recovered agents or related factors among patients sampled before and 


after study treatments. 
+Number and percent positive. 


tp = 0.01; relative risk, 0.6; 95% confidence interval, 0.4 to 0.9. 


up for intrauterine growth retardation. Pregnancy- 
induced hypertension was diagnosed among four (3%) 
erythromycin patients and four (4%) placebo patients 
antenatally. Each was delivered at term. 

Two patients experienced intrauterine fetal death, 
one of undetermined cause at 30 weeks in a patient in 
the placebo group and one fetus with Down’s syndrome 
at 42 weeks in a women in the erythromycin treatment 
group. The patient with the 30-week-gestation fetal 
death was not considered in analysis for preterm out- 
come variables; all other patients with concurrent or 
intercurrent antenatal medical or obstetric problems 
were included in the analysis. 

Sixty-six percent of the erythromycin group and 69% 
of the placebo group received nonprotocol antimicro- 
bial therapy during antenatal care. No patient received 
antibiotics within 2 weeks of study treatment. The pre- 
ponderance of treatments occurred before study en- 
try (first trimester: 21%; second trimester: 40%; third 
trimester: 37%). Vaginitis was the most common rea- 
son for antimicrobial treatment. Approximately 20% 
of both groups received treatment during pregnancy 
for a single urinary tract infection. 

Compliance. The mean number of study pills taken 
differed between groups (erythromycin, 15.9 + 7.8; 
placebo, 17.8 + 5.9; p = 0.05). Only 73% of women 
randomized to receive erythromycin and 84% of 
women who received placebo completed 4 or more days 
of study treatment (p = 0.04). Side effects, includ- 
ing nausea, vomiting, and diarrhea, were reported sig- 


nificantly (p < 0.05) more often among women who 
received erythromycin (nausea: erythromycin = 27%; 
placebo = 13%; p = 0.01; vomiting: erythromycin = 
13%; placebo = 4%; p = 0.02; diarrhea: erythromy- 
cin = 5%; placebo = 0; p = 0.03). 

Pregnancy outcome. Spontaneous vaginal delivery 
occurred among 80% of patients in the erythromycin 
group and 71% of placebo patients. Cesarean section 
delivery was performed for 8% and 12% of patients 
who received erythromycin and placebo, respectively. 
Assisted vaginal delivery occurred in the remaining pa- 
tients. 

There were no overall differences in the occurrence 
of preterm labor, preterm birth, or low-birth-weight 
infants among treatment groups when the data were 
analyzed by univariate analysis. The mean gestational 
age at delivery was 39.3 + 1.9 weeks among patients 
in the erythromycin group and 39.2 + 1.6 weeks for 
those who received placebo. Mean birth weight was 
3132 + 588 gm among erythromycin patients and 
3099 + 548 gm among placebo patients (p = 0.7). Fur- 
ther analysis showed no difference in gestational age 


or birth weight at delivery even for those patients who 


had completed at least 4 days of study treatment [ges- 
tational age at delivery: erythromycin (N = 87), 39.3 + 
1.7 weeks; placebo (N = 93), 39.4 + 1.6 weeks; birth 
weight: erythromycin, 3191 gm; alacebo, 3161 gm] or 
those who completed the full 1 week of study treatment 
[gestational age at delivery: erychromycin (N = 57), 
39.2 + 1.7 weeks; placebo (N = 60), 39.4 + 1.6 
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weeks; birth weight: erythromycin, 3195 gm, placebo, 
3180 gm]. 

Two patients in the erythromycin group (2%) and 
three (3%) patients in the placebo group were treated 
for clinically diagnosed chorioamnionitis. Postpartum 
endometritis occurred among six (6%) patients in the 
erythromycin group and eight (8%) in the placebo 
group. There were no significant differences between 
study groups for any neonatal outcome evaluated. 

Premature rupture of membranes. Rupture of mem- 
branes before labor occurred significantly more often 
among women who received placebo (16%) compared 
with those who received erythromycin (6%), (p = 0.01; 
relative risk, 0.4; 95% confidence interval, 0.2 to 0.8). 
Preterm premature rupture of membranes occurred 
among seven women and was also decreased among 
women in the erythromycin group, although this failed 
to reach statistical significance (erythromycin, 2%; pla- 
cebo, 5%; p = 0.8; relative risk, 0.4; 95% confidence 
interval, 0.1 to 1.8). | 

Trends were noted between selected medical factors 
and premature rupture of membranes; more women 
who experienced premature rupture of membranes 
gave a history oz prior sexually transmitted disease 
(erythromycin, 15%; placebo, 7%; p = 0.06, relative 
risk, 2; 95% confidence interval, 1.0 to 4.9) and women 
who experience preterm premature rupture of mem- 
branes more often had a history of a single prior abor- 
tion (erythromycin, 7%; placebo, 2%; p = 0.08; relative 
risk, 4; 95% confidence interval, 0.9 to 14.8). None of 
the other demographic, behavioral or other medical 
problems analyzed were significantly associated with 
increased risk of premature rupture of membranes or 
preterm premature rupture of membranes. 

Overall, premature rupture of membranes (any ges- 
tational age) occurred significantly more often among 
women from whom C. trachomatis was recovered at 
study enrollment (p = 0.03; relative risk, 2.5; confi- 
dence interval, 1.1 to 5.7) and also among those with 
vaginal pH >4.5 (p = 0.03; relative risk, 2.5; 95% con- 
fidence interval, 1.1 to 5.5). Women with U. urealyticum 
infection experienced premature rupture of mem- 
branes more frequently; however, this did not reach 
statistical significance (p = 0.08, relative risk, 5.0, 95% 
confidence interval, 0.9 to 27.8). 
© To test for effects of erythromycin treatment on 
pregnancy outcomes, data were stratified according to 
the presence of susceptible microorganisms or abnor- 
mal vaginal conditions. None of the 13 women treated 
with erythromycin from whom C. trachomatis was ini- 
tially recovered experienced premature rupture of 
membranes. Conversely, six of 12 women with posi- 
tive C. trachomatis cultures who received (50%) placebo 
experienced premature rupture of membranes (p = 
0.03, relative risk, 0.4; 95% confidence interval, 0.2 
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to 0.8). The Breslow-Day test for homogeneity of re- 
sults of odds ratios confirmed this significant differ- 
ence (p = 0.03). Among women from whom JU. ure- 
alytucum was recovered, the occurrence of premature 
rupture of membranes was significantly less in those 
who -received erythromycin (erythromycin, 7%; pla- 
cebo, 18%, p = 0.03; relative risk, 0.4; 95% confidence 
interval, 0.1 to 0.9); among women who were negative 
for U. urealyticum, only a single patient in the placebo 
group experienced premature rupture of membranes 
(Breslow-Day test, NS). Among the women with vaginal 
pH >4.5, women in the erythromycin group experi- 
enced premature rupture of membranes less often, al- 
though not significantly (erythromycin, 4%; placebo, 
24%; p = 0.07; relative risk, 0.2; 95% confidence in- 
terval, 0.03 to 0.96). 

Preterm premature rupture of membranes occurred 
more often among women, whose initial cultures were 
positive for S. aureus (erythromycin, 2/12 [17%]; pla- 
cebo, 5/209 [2%]); (p = 0.04; relative risk, 7; 95% con- 
fidence interval, 1.8 to 28.4). Women with positive find- 


_ ings at enrollment for C. trachomatis, T. vaginalis, group 


B streptococcus, yeast species, phospholipase C, posi- 
tive whiff test, and pH >4.5 also experienced preterm 
premature rupture of membranes more frequently; 
however, these associations failed to reach statistical sig- 
nificance. 

Preterm birth. Preterm birth occurred among eight 
(7%) women in the erythromycin group and nine (8%) 
women who received placebo. History of a prior pre- 
term birth was the only historical, demographic, or be- 
havioral variable significantly associated with preterm 
birth in the current pregnancy (p = 0.002; relative risk, 
4; 95% confidence interval, 1.7 to 9.9). Recovery of 
C. trachomatis was significantly associated with increased 
risk of preterm birth (p = 0.03; relative risk, 3; 95% 
confidence interval, 1.2 to 8.1). A positive whiff test was 
also significantly associated with increased risk of pre- 
term birth (p = 0.04; relative risk, 3; 95% confidence 
interval, 1.1 to 7.6) as was the presence of both pH 
>4.5 and a positive whiff test (p = 0.03; relative risk, 
4; 95% confidence interval, 1.3 to 10.6). Vaginal pH 
>4.5 alone was not significantly associated with in- 
creased risk of preterm birth (p = 0.2; relative risk, 2; 
95% confidence interval, 0.7 to 5.1). Overall, bacterial 
vaginosis (determined by Gram stain) and positive pro- 
line aminopeptidase were not associated with preterm 
birth. Preterm birth occurred more frequently, but not 
significantly, among the small number of women with 
T. vaginalis, S. aureus, and increased phospholipase C 
found at initial examination. 

Preterm birth occurred before completion of 34 
weeks’ gestation in five patients. C. trachomatis (p = 
0.01; relative risk, 11; 95% confidence interval, 2.8 to 
46), M. hominis (p = 0.008; relative risk, 26; 95% con- 
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Table III. Cervicovaginal findings and selected risk factors for five patients with delivery =34 weeks 


Patient no. 109 | Patient no. 119 | Patient no. 141 


Prior preterm birth 

Prior abortion + 
C. trachomatis = 
T. vaginalis = 
Bacterial vaginosis = 
Proline aminopeptidase = 
pH >4.5 ND 
Whiff test = 
Mobiluncus species = 
U. urealyticum ND 
M. hominis ND 


| +++ 


ttl +++ 


ND, Not done; U, unevaluable specimen. 


fidence interval, 1.4 to 494), proline aminopeptidase 
(p = 0.04; relative risk, 8; confidence interval 95%, 
1.2 to 48), pH >4.5 (p = 0.07; relative risk, 8; 95% 
confidence interval, 1.1 to 50), and positive whiff test 
(p = 0.02; relative risk, 11; 95% confidence interval, 
2.5 to 44) were significantly associated with increased 
risk of birth <34 weeks’ gestation. Of note, four of these 
five women had findings of multiple microbiologic fac- 
tors thought to be associated with increased risk of pre- 
maturity (Table III). . l 

Preterm birth in the absence of premature rupture 
of membranes occurred among nine women and sig- 
nificantly more often among women with both vaginal 
pH >4.5 and positive whiff test (p = 0.03; relative risk, 
6; 95% confidence interval, 1.6 to 19.5). Similarly, pre- 
term birth without prior rupture of membranes oc- 
curred more frequently, but not significantly, among 
women who were positive for C. trachomatis (p = 0.07), 
T. vaginalis, M. hominis, proline aminopeptidase (p = 
0.09), whiff test, and phospholipase C. . 

Multivariate analysis. Logistic regression analysis 
was performed to control for the effects of multiple 
independent variables on the occurrence of preterm 
birth, low birth weight, or premature rupture of mem- 
branes (Table IV). As a preliminary step, a logistic 
regression analysis was performed to identify signifi- 
cant independent variables from among maternal de- 
mographic, behavioral, and past medical history vari- 
ables that were predictive of preterm birth, low birth 
weight, or premature rupture of membranes, Among 
these independent variables (maternal age, ethnic 
group, marital status, gravidity, prior abortion, prior 
preterm birth, use of alcohol, street drugs, smoking, 
and history of pelvic inflammatory disease), only prior 
preterm birth was significantly associated with preterm 
birth and low birth weight (p = 0.001). 

Second, on the basis of results of previously pub- 
lished studies or theoretical associations, another model 
was constructed that included bacteriologic findings 
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— -4 aie 
+ + ~- 
+ namen pn 
- + + 
+ + + 
+ + + 
+ = + 
— of ‘nin 
U + + 
U + + 


(C. trachomatis, T. vaginalis, U. urealyticum, M. hominis, 
S. aureus, bacterial vaginosis), vaginal enzymes (high 
vaginal nonspecific protease, phospholipase C), vaginal 
pH >4.5, treatment group, use of other antenatal an- 
tibiotics, and prior preterm birth. In this second model 
(Table IV), C. trachomatis (p = 9.05; OR, 9), phospho- 
lipase C (p = 0.08; OR, 6) and prior preterm birth 
(p < 0.01; OR, 17) were associazed with preterm birth. 
After adjusting for the effects of the other indepen- 
dent variables in the model, erythromycin treatment 
was associated with decreased risk of preterm birth 
(p = 0.06; OR, 0.1). 

A final model was created that included only the 
independent variables that were statistically significant 
or bordered on statistical significance (C. trachomatis, 
phospholipase C, prior preterm birth, and study treat- 
ment). In this final model, C. trachomatis (p = 0.02; OR, 
4) and prior preterm birth (p = 0.009; OR, 5) were the 
only variables associated with increased risk of preterm 
birth. | 

In similar analyses, low birth weight (<2500 gm) 
was positively associated with prior preterm birth (p = 
0.003, OR, 8) and negatively associated with eryth- 
romycin treatment (p = 0.02, OR, 0.2); and. erythro- 
mycin treatment was associated with decreased risk of 
premature rupture of membranes (p = 0.01; OR, 0.1) 
(Table IV). 

Because of the small number of women who expe- 
rienced preterm premature rupture of membranes, 
preterm birth =34 weeks’ gestation, and preterm birth 
in the absence of prior premature rupture of mem- 
branes, these outcomes were not evaluated with mul- 
tivariate techniques. 

In this study, cervical infection with C. trachomatis 
accounted for 20% of the preterm birth (population 
attributable risk). Such calculations are probably over- 
simplifications because an individual mother’s host sus- 
ceptibility and the presence of diferent microorgan- 
isms are not considered. 
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Table IV. Results of multivariate analysis 


Dependent Independent Significant Error of 
variable variable independent variable beta p Value 


Preterm birth Demographic, Prior preterm 0.002 0.25 
historical, birth 
medical 
factors* 
Preterm birth Prior preterm Prior preterm aa 1.06 0.007 0.3 
birth birth 
Cervicovaginal C, trachomatis Ze 1.14 0.05 
microor- Phospholipase C 1.8 1.06 0.08 
ganisms* Erythromycin a | 1.4] 0.06 
Erythromycin treatment 
treatment 
Preterm birth Prior preterm Prior preterm 1.5 0.58 0.009 0.22 
birth birth 
C. trachomatis C. trachomatis 1.5 0.62 0.02 
Phospholipase C 
Erythromycin 
treatment 
Birth weight Prior preterm Prior preterm 2.0 0.69 0.003 0.08 
<2500 gm birth birth 
) Cervicovaginal Erythromycin =17 0.72 0.02 
microor- treatment 
ganisms* 
Erythromycin 
treatment 
Premature rup- Prior preterm Erythromycin —2.4 0.96 0.01 0.08 
ture of mem- birth treatment 
branes Cervicovaginal 
microor- 
ganisms* 
Erythromycin 
treatment ` 
*See text. 
Comment 


We prospectively studied 229 pregnant women and 
their singleton infants to identify and measure associ- 
ations of various demographic, obstetric, behavioral, 
and reproductive tract microbiologic—related factors 
with subsequent maternal and neonatal outcomes. We 
further used a short, defined course of oral enteric- 
coated erythromycin base to more dynamically as- 
sess possible microbiologic relationships and pregnancy 
outcomes. Study patients were inner-city women typical 
of those treated at public teaching hospitals. There 
were no significant differences between the drug- or 
placebo-treated groups in demographic, historical, ob- 
stetric, behavioral, or microbiologic-related parameters 
at study entry, except for an increased number of 
women with high vaginal pH among placebo patients. 
Findings were typical of similar populations.'*’*’” Rates 
of intercurrent, antenatal, intrapartum, and neonatal 
complications also appeared typical of this population. 

The relatively low incidence (7% to 8%) of preterm 
birth among enrolled women was probably a result of 
selection biases imposed by entry criteria. Overall rates 
(16% to 20%) of preterm birth for the clinics studied 


did not change during the course of this study. Perhaps 
because of increasing interest in possible associations 
of infection and preterm birth, approximately two 
thirds of the women in both groups received nonstudy 
antimicrobials from antenatal care providers. It might 
be expected that additional antibiotics would obscure 
detection of study treatment effects. However, when 
nonstudy antimicrobial therapy was analyzed by logis- 
tic regression, no association with preterm birth, low 
birth weight, or premature rupture of membranes was 
noted. 

Neither the women who received erythromycin nor 
women treated with placebo tolerated study medication 
well; only 73% of the erythromycin and 84% of the 
group placebo completed at least 4 days of medica- 
tion. Significantly, more women who took erythromycin 
complained of nausea and vomiting and took fewer 
tablets. This relatively poor compliance may have been 
caused by (1) general reticence to take medications dur- 
ing pregnancy, (2) inadequate understanding or iden- 
tification with overall study goals, (3) lack of a specific 
treatment indication (ie., treatment of an acknowl- 
edged pathogen), or (4) other factors. Other than 
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nausea, vomiting, and diarrhea, there were no other 
‘recognized complications of erythromycin treatment 
among women or newborns. 

Univariate analysis of intake findings and subsequent 
preterm birth or premature rupture of membranes 
showed that occurrence of a prior preterm birth was 
the only nonmicrobiologic factor linked with preterm 
delivery. There were no demographic, historical, or 
behavioral findings significantly associated with pre- 
mature rupture of membranes or preterm premature 
rupture of membranes. Toth et al.’ have suggested 
that persistent effects of prior endometrial infection 
may mediate recurrent preterm birth. In our study, a 
past history of any sexually transmitted disease was 
linked to occurrence of premature rupture of mem- 
branes (p = 0.06), but not preterm birth or preterm 
premature rupture of membranes (p = 0.1). History 
of prior pelvic infection or sexually transmitted disease 
was commonly reported among our patients (Table I), 
which may have mitigated any specific effect of prior 
reproductive tract infection. In addition to possibly per- 
sisting reproductive tract infections, it is likely that un- 
recognized intrinsic or metabolic factors associated with 
preterm birth may also persist in subsequent pregnan- 
cies. Elucidation and elimination of such persistent fac- 
tors could reduce preterm birth significantly in women 
at risk. 

The numbers and percentages of subjects with var- 
ious cervicovaginal microorganisms are similar to those 
found in previous studies of our patients and other 
urban populations using comparable procedures.’® " 
The overall inability of study drug to eliminate the 
microorganisms tested for is likely explained by (1) the 
lack of erythromycin activity at lower vaginal pH,’ (2) 
short duration of treatment (lack of compliance), or (3) 
lack of treatment of sexual partners. 

Cervical infection with C. trachomatis was significantly 
associated with increased risks of premature rupture 
of membranes and preterm birth, and was recovered 
more frequently, although not significantly, among 
women who experienced preterm birth without pre- 
mature rupture of membranes and preterm premature 
rupture of membranes. These findings support those 
of Martin et al., Harrison et al.” Berman et al., and 
Sweet et al., who also noted associations of C. tracho- 
matis genital tract infection with either preterm birth 
or low birth weight and premature rupture of mem- 
branes. 

The latter three studies noted increased risks of 
preterm birth, low birth weight, and preterm prema- 
ture rupture of membranes only among women who 
demonstrated antichlamydial IgM antibody, rather 
than among all women infected with C. trachoma- 
tis.°°°? The authors suggested that the presence of 
specific antichlamydial IgM denoted either recent in- 
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fection or “invasive” upper genital tract chlamydial in- 
fection.“ Subclinical endometritis occurs commonly 
(>30%) among nonpregnant women with chlamydial 
cervicitis*® and may also occur during pregnancy. 

Vaginal presence of U. urealyticwm was associated with 
subsequent premature rupture of membranes (p = 
0.08) but not preterm birth {p = 0.3). Others have 
noted increased U. urealyttcum genital colonization or 
placental infection among patients with premature rup- 
ture of membranes, preterm birth, or both.**” U, urea- 
lyticum was the most common microorganism recov- 
ered between layers of amniochorion in patients who 
were delivered before 37 weeks’ gestation in a case- 
controlled study by Hillier et al.” Although intrauterine 
infection with U. urealyticum is well described, the fre- 
quency of genital infection among women with uncom- 
plicated pregnancy (up to 85%) suggests a complex 
relationship between U. urealysicum infection and ab- 
normal reproductive outcomes. Quinn et al.** sug- 
gested that certain U. ureaplasma serotypes are more 
likely to be associated with preterm birth. Many strains 
of U. urealyticum produce phospholipase A,, Ag, and C 
as well as IgA proteases in vitro.” Among our patients, 
recovery of U. urealyticum was the only microbial as- 
sociation noted with high vaginal concentrations of 
phospholipase C (data not shown). Hillier et al.” fur- 
ther suggested that interactions between U. urealyticum 
and other vaginal conditions or microflora may be im- 
portant in determining the virulence of ureaplasmas. 

Vaginal pH >4.5 (detected here by Nitrazine paper) 
was associated with premature rupture of membranes 
(p = 0.03; relative risk = 2.5) by means of univariate 
analysis, but not when the presence of other microbi- 
ologic conditions were controlled by logistic regression. 
An association between increased vaginal pH and ab- 
normal pregnancy outcomes was noted by both Min- 
koff et al.” and Ernest et al.” Whereas Ernest measured 
vaginal pH with a special pH meter, both the study by 
Minkoff et al. and our study used widely available but 
less. accurate pH paper. Vaginal pH itself may alter the 
lower reproductive tract milieu and, possibly, directly 
affect processes involved in labor or membrane rupture 
by some as yet undefined mecaanism. Both Minkoff 
et al.” and Ernest et al.” suggest that increased vaginal 
pH is more likely a marker for the presence of abnor- 
mal genital tract microfloras, including the presence of 
bacterial vaginosis, T. vaginalis, or both. 

In this study bacterial vaginosis (Gram stain diag- 
nosis) was not significantly associated with preterm 
birth or preterm membrane rupture. However, bac- 
terial vaginosis, presumptively diagnosed by the pres- 
ence of proline aminopeptidase, was found in four of 
five women who were delivered at <34 weeks’ gestation 
(p = 0.04) (Table III). Similarly; in a prospective study 
of 233 women, Minkoff et al.” were unable to dem- 
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onstrate a statistically significant association between 
clinical findings suggesting of bacterial vaginosis and 
preterm birth or preterm premature rupture of mem- 
branes. Minkoff et al.’’ did note increased risk of 
preterm birth and premature rupture of membranes 
among women from whom Bacteroides species and 
M. hominis (microorganisms commonly associated with 
bacterial vaginosis) were recovered. 

Conversely, other studies found increased risk of pre- 
term labor, birth, or membrane rupture among women 
with bacterial vaginosis.*° *! Differences in the methods 
used to detect bacterial vaginosis, study design, popu- 
lations studied, sample size, or true lack of effort could 
account for such differences. 

As previously shown by Toth et al., vaginal recov- 
ery of S. aureus was associated with preterm rupture 
of membranes and preterm birth. Although less fre- 
quently isolated than other bacteria, strains of S. aureus 
recovered from the vagina may be powerful producers 
of collagenases and phospholipases A, and C as well as 
a variety of other possible virulence factors.* 5 

Although taken only for relatively few days (x = 
5 days) by patients in this study, univariate analysis 
showed that erythromycin treatment was associated 
with reduced premature rupture of membranes (p = 
0.01; relative risk = 0.4; 95% confidence interval = 
0.2 to 0.8). Multivariate analysis (Table IV) showed 
that erythromycin treatment was associated with re- 
duced low birth weight (p = 0.02), premature rupture 
of membranes (p = 0.01), and possibly preterm birth 
(p = 0.06). Prior controlled trials of antibiotic treat- 
ment during pregnancy used lengthy courses of either 
tetracycline, erythromycin, or clindamycin, given orally 
for as long as 6 weeks.** Elder et al. administered 
tetracycline (122 patients) versus placebo (109 patients) 
to inner-city women from 1963 to 1965. They noted 
longer duration of pregnancy (tetracycline: x = 39.1 
weeks; placebo: x = 38.1 weeks; xX’ = 2.4) and greater 
birth weight (tetracycline: x = 115.6 ounces; placebo: 
x = 110.8 ounces; x? = 1.7). Premature rupture of 
membranes was not further defined but occurred in 
9.9% of women who received tetracycline versus 12.5% 
of women treated with placebo (x? = 1.9). 

Similar investigations from 1971 to 1980 were done 
by Kass et al.’ to evaluate erythromycin or clindamycin 
administered orally for 6 weeks in comparison with 
placebo among women with genital tract M. hominis or 
U. urealyticum infections. These investigators also noted 
incomplete compliance; fewer than half the patients 
completed the treatment protocols. A trend for in- 
creased birth weight was noted only if (1) mothers took 
the: study antibiotic for 6 weeks, (2) they demonstrated 
=fourfold increase in titer to U. urealyticum, and (3) if 
the 6-week erythromycin treatment was continued in 
the third trimester (second trimester; low birth weight: 
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erythromycin, 7%; placebo, 8% versus third trimester; 
low birth weight: erythromycin, 3%; placebo, 12%; p = 
0.063). Despite such intensive treatment, vaginal urea- 
plasmas or mycoplasmas persisted at follow-up exam- 
ination, as in our study. Kass et al.’ suggested that the 
antibiotic action was directed toward “reducing inva- 
sion from the vaginal source,” rather than eliminating 
carriage of vaginal mycoplasmas.’ Subsequently, Quinn 
et al.** noted that placentas from women who received 
either erythromycin or doxycycline were rarely infected 
with mycoplasmas. 

In further analysis, McCormack et al.’ noted that of 
the various treatments, only clindamycin taken for at 
least 3 weeks was associated with reduced recovery of 
M. hominis; neither erythromycin preparation nor clin- 
damycin altered recovery of U. urealyticum. By means 
of a one-tailed analysis, McCormack et al. again showed 
significant increases in birth weight only among women 
who were deemed to have completed 6 weeks of eryth- 
romycin treatment begun in the third trimester (eryth- 
romycin, 3330.7 gm; placebo, 3187 gm; p = 0.042). 
McCormack et al. again suggested that the effects of 
erythromycin may not be specific for mycoplasmas and 
that “interactive effects of other agents such as chla- 
mydia, anaerobic bacteria and other agents” should be 
investigated. As an example of such possible interactive 
effects, Table IH] demonstrates the frequency of iden- 
tified genital infection and conditions among the five 
women in our study who were delivered at <34 weeks’ 
gestation. Four of five had multiple, easily detectable, 
and potentially treatable vaginal infections or condi- 
tions. 

How treatment with erythromycin or similar anti- 
biotics might reduce perinatal morbidity remains un- 
known, but several possibilities exist. As noted, eryth- 
romycin possesses antimicrobial activity against a num- 
ber of microorganisms associated with premature 
rupture of membranes: C. trachomatis, group B strep- 
tococcus, $. aureus, and mycoplasmas. Although it is 
relatively inactive at vaginal pH, erythromycin is active 
at serum pH and achieves uterine tissue concentration 
approximating maternal serum.’* Clindamycin, a re- 
lated antibiotic, also achieves higher concentrations in 
fetal membranes than in maternal serum.” Prelimi- 
nary information suggests erythromycin is also rela- 
tively concentrated in membranes (R. Bowden, PhD, 
personal communication). Increased concentrations as 
well as relatively enhanced activity of these antibiotics 
within amniochorion and surrounding tissue likely in- 
hibit growth or metabolism of susceptible microorgan- 
isms. As suggested by McCormack et al.,® effective en- 
dometrial level concentrations of erythromycin could 
also reduce ascent of cervicovaginal microorganisms. 

Other factors may also play roles in reduction of 
perinatal morbidity. Much work shows that erythro- 
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mycin and other antibiotics that interfere with bacterial 
protein synthesis can suppress or eliminate release of 
bacterial virulence factors (such as fetal membrane- 
damaging proteases) even at subinhibitory concentra- 
tions.** In vitro studies show that both subminimal in- 
hibitory concentrations and supraminimal inhibitory 
concentrations of erythromycin eliminate bacterial pro- 
tease induced weakening of fetal membrane prepara- 
tions and that erythromycin does not alter measures 
of membrane strength.** Correspondingly, in this study 
effects of erythromycin appeared linked to the pres- 
ence of specific, erythromycin-susceptble cervicovagi- 
nal microflora. 

The results of our study support suggestions that 
maternal genital tract infections or associated inflam- 
matory changes play possibly preventive roles in the 
pathogenesis of preterm birth in an important number 
of women. 

Short-course treatment with erythromycin base was 
associated with reduced risks of premature rupture of 
membranes and low birth weight and possible preterm 
birth (p = 0.06) (multivariate analysis). Erythromycin 
appeared safe but was not well tolerated, thus empiric 
erythromycin treatment is not yet recommended. Con- 
trolled studies to evaluate the efficacy and safety of 
focused antimicrobial treatments during pregnancy are 
under way. Understanding of the mechanisms through 
which maternal genital tract infection mediate preterm 
birth awaits further basic and applied microbiologic 
and immunologic study. 
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Vitamin E levels in premenstrual syndrome 


C. James Chuong, MD, MPH, Earl B. Dawson, PhD, and Edward R. Smith, PhD 


Galveston, Texas 


To determine whether changes in peripheral vitamin E levels are associated with symptoms of 
premenstrual syndrome, 10 patients with premenstrual syndrome and 10 control subjects were studied. 
They gave blood at 2- or 3-day intervals throughout three menstrual cycles. The vitamin E was measured 
by fluorometry after hexane extraction and luteinizing hormone was measured by radioimmunoassay. In 
the control group, vitamin E values were 854 + 45 wg/di (mean + SE) during the luteal phase and 

925 + 55 g/dl during the follicular phase. No significant changes were noted between the two values. In 
the patients with premenstrual syndrome, the values were 849 + 53 g/dl during the luteal phase, which 
was not significantly different from 858 + 48 g/dl during the follicular phase. No significant changes were 
noted between the control group and the patients with premenstrual syndrome in either the luteal or the 
follicular phase. Vitamin E deficiency in patients with premenstrual syndrome was not shown by peripheral 
vitamin E levels in cur study. (Am J Osstet Gynecol 1990;163:1591-5.) 
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Many theories have been proposed to understand the 
pathophysiology of premenstrual syndrome (PMS) in 
the hope of finding an effective treatment.' The 
Biskinds’ were the first to propose the role of nutri- 
tional factors in PMS. Over the past few years, nutri- 
tional supplements have been widely used as a treat- 
ment of PMS.** The use of these supplements is based 
on the assumption that patients with PMS consume 
more refined sugar, refined carbohydrates, and dairy 
products, and less vitamins such as vitamin E than do 
normal women.’ The deficiency of vitamin E was sug- 
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gested to be related to premenstrual symptoms.® Ex- 
cessive and aberrant prostaglandin synthesis have been 
implicated in the pathogenesis of PMS,’ and there was 
some evidence suggesting that vitamin E could mod- 
ulate the production of prostaglandin. Supplemental 
vitamin E blocks the age-related increase in prosta- 
glandin E in mice,” whereas it reduces the release of 
arachidonic acid from phospholipids." 

There are no valid conclusions on the efficacy of 
vitamin E in the treatment of PMS, although some in- 
vestigators reported that vitamin E was an effective 
treatment for breast tenderness and other PMS symp- 
toms.'? '? However, it was noted that the placebo and 
vitamin E were not administered in a cross-over fashion 
for each patient, and vitamin E deficiency was never 
shown in these patients when compared with control 
subjects. Serum vitamin E levels may assist in the as- 
sessment of a vitamin E deficiency in patients with PMS 
and serve as a guideline before and during vitamin E 
treatment. Therefore the objective of this study is to 
determine whether changes in peripheral vitamin E 
levels are associated with PMS symptoms. 
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Material and methods 


The study was approved by the Institutional Review 
Board of the University of Texas Medical Branch, Gal- 
veston. Ten patients, 24 to 39 years of age, in general 
good health with regular menses for at least six previous 
cycles were studied. All were interviewed by the same 
investigator (C, J. C.) for detailed medical history, All 
were from a middle-class population in southeast 
Texas. Interview on the diet history and daily intake of 
various nutrients did not reveal evidence of extraor- 
dinary food intake. Results were normal for physical 
examinations by either the investigator or the referral 
physicians within 6 months before the study began. 
They were in genérally good health, and no significant 
medical conditions from history or on physical exam- 
ination were noted. They had no history of psychiatric 
disorders; as determined by the schedule for affective 
disorders and schizophrenia~—lifetime interview. 

Before enrollment the patients were instructed to 
start charting the daily diary on the first day of the 
menses throughout the entire menstrual cycle after the 
initial visit and to qualitatively measure premenstrual 
complaints. The daily diary was designed by us to follow 
the diagnosis guidelines established by the National In- 
stitute of Mental Health. Each patient documented 
within the last half of the cycle at least three of the 18 
symptoms, with at least one psychologic and one so- 
matic symptom for at least one preceding menstrual 
cycle. The 18 symptoms included irritability; tension 
or anxiety; mood swings; emotional lability; restless- 
ness; decreased concentration; depression; aggression; 
poor coordination; craving for sweet or salty food; leth- 
argy; generalized swelling; breast tenderness; abdom- 
inal bloating; swelling of the face, hands, or feet, weight 
gain; headache; and change in bowel habits. Patients 
_ were eliminated from the study if the symptoms were 
present in the first half of the cycle or if the symptoms 
persisted for more than 2 days after the onset of 
menses. 

Each subject was also instructed to complete the men- 
strual distress questionnaire“ on days 7 and 25 of the 
same menstrual cycle. They also needed to complete 
the basal body temperature (BBT) chart during the 
same cycle. All of them showed a biphasic pattern with 
evidence of ovulation and adequate luteal phase. The 
menstrual distress questionnaire was described in pre- 
vious studies. Women whose scores on the question- 
naire were >80 on day 7 or <95 on day 25 of the 
menstrual cycle were excluded from the study. With 
these entry criteria, the mean score (+ SE) on the men- 
strual distress questionnaire was 55.2 + 2.3 on day 
and 125.7 + 8.2 on day 25. 

Ten female volunteers from among our institution’s 
employees served as the control group. They were in 
general good health and had regular predictable men- 
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ses. None of them had premenstrual symptoms or se- 
vere dysmenorrhea. Subjects were excluded if they had 
taken any drugs or medication including vitamin or 
nutritional supplements during the 8 weeks before the 
study. They were also asked to keep a daily diary and 
to complete the menstrual distress questionnaire and 
the BBT chart in the same fashion as the patient group. 
None of them showed significant premenstrual symp- 
toms on the daily diary. They all showed a biphasic 
pattern and adequate luteal phase on the BBT chart. 
The mean score (+ SE) on the menstrual distress ques- 
tionnaire before the study was 53.1 + 2.6 on day 7 and 
51.5 + 1.1 on day 25. 

Informed consent was obtained from all the partic- 
ipants. After an overnight fast the blood samples for 
vitamin E, luteinizing hormone (LH), and follicle stim- 
ulating hormone (FSH) assays were drawn between 
8 AM and 10 am. Before the blood was collected the 
women sat quietly for 30 minutes. They gave blood at 
2- or 3-day intervals, starting on day | of the menstrual 
cycle throughout three cycles. The patients and con- 
trols were instructed to complete the menstrual distress 
questionnaire on days 7 and 25 of the menstrual cycle 
for three cycles. They were also asked to complete the 
BBT chart during the same three cycles. 

Ten milliliters of blood was collected, permitted to 
clot, and centrifuged at 1000 g for 15 minutes at 
24° C. The serum was stored at — 20° C until analyzed. 
The determination of vitamin E levels was by mea- 
surement of the ultraviolet fluorescence at 340 nm on 
activation at 295 nm, the absorption peak for pure a- 
tocopherol in hexane.'*’® All glassware used in the pro- 
cedure was acid-washed (5% nitric acid, rinsed with 
reagent-grade water, and air-dried). Two milliliters 
each of reagent-grade water (Milli-Q, Millipore, Bed- 
ford, Mass.) and absolute ethanol (redistilled at 82° C) 
were added with vortexing to denature the serum pro- 
tein and release a-tocopherol. The free a-tocopherol 
was extracted by vortexing the serum homogenate with 
pure hexane (redistilled at 85° C, Fisher Scientific, 
Houston, Tex.) and centrifugation at 900 g for 5 min- 
utes at 24° C. The hexane phase of each tube was trans- 
ferred by glass pipette to 1 cm quartz cuvettes and the 
fluorescence measured with a Turner 430 spectrofluo- 
rometer (Sequoia-Turner, Palo Alto, Calif.). The serum 
a-tocopherol levels were determined by the compari- 
son of the fluorescence of the serum hexane extract 
with the fluorescence of known levels of pure dl-a- 
tocopherol (Sigma Chemical Co., St. Louis). The results 
were expressed as g/dl. The concentrations of stan- 
dard dl-a-tocopherol solutions in absolute ethanol were 
from 200 to 2000 wg/dl in 100 pg increments and the 
fluorescence was linear throughout this range. The pu- 
rity of the a-tocopherol standard was confirmed by 
spectral analysis, and the absorption peak of maximum 
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Table I. Age, body weight, marital status, and reproductive and menstrual histories of patients with PMS 


and control subjects 


Piste = 10) 

Age (yr) 

Median 30 32 

Range 23-37 24-39 
Body weight 

Average (% of IBW)* 107 105 

Range (% of IBW)* 84-124 81-126 

No. of obese subjectst 1 (124% of IBW)* 2 (120% and 126% of IBW)* 
Marital status 

Single 5 3 

Married 5 5 

Divorced 0 2 
Reproductive history 

Nulliparous 6 5 

Parous 4 5 
Menstrual history, median 

Menarch (yr) 12.0 13.5 

Interval (days) 27.0 28.0 

Length (days) 5.0 5.0 
Dysmenorrhea 

None 2 l 

Mild 4 3 

Moderate 3 4 

Severe ] 2 


From Chuong CJ, Dawson EB, Smith ER. Vitamin A levels in premenstrual syndrome. Fertil Steril 1990;54:643. Reproduced 
with permission of the publisher, The American Fertility Society. 


IBW, Ideal body weight. 


*According to the table of the Metropolitan Life Insurance Company. 


tObesity is defined as body weight 20% greater than IBW. 


fluorescence was observed at 295 nm excitation with 
340 nm emission. A recovery study of 0.3 ml test ali- 
quots of 50% serum pool and 100 wg/dl increments of 
dl-c-tocopherol in absolute ethanol from 200 through 
2000 g/dl resulted in 94% recovery of the added vi- 
tamin. 

LH and FSH were measured by double-antibody ra- 
dioimmunoassay. All reagents except the standards 
were obtained from the National Hormone and Pitu- 
itary Program (Baltimore, Md.). LH and FSH standards 
were obtained trom the World Health Organization. 
The intraassay coefficient of variation was 7.3% for LH 
and 6.8% for FSH, whereas the interassay variations 
were 12.3% and 15% for LH and FSH, respectively. 

All samples from the same patient were run in du- 
plicate in the same assay for vitamin E, LH, and FSH. 

The day of LH surge was considered as the midpoint 
of the cycle and was designated day 0. All other mea- 
surements were expressed as the number of days before 
or after the LH surge. The hormonal measurement 
during the follicular phase (day LH —14 to ~—3) of 
each month for each subject was the mean of all data 
during the follicular phases of each month. The mean 
of the three months’ values for each subject was then 
obtained. The hormonal measurement during the lu- 
teal phase (day LH +3 to +14) was calculated in a 


similar fashion. The two-way analysis of variance 
(ANOVA) with the use of general linear models from 
SAS" was used to test for significant intragroup 
changes of vitamin E levels between the follicular and 
luteal phases. Comparisons between the control group 
and the group with PMS during the follicular and luteal 
phases were also made by ANOVA. The differences in 
the menstrual distress questionnaire scores were de- 
termined by the two-sample or paired-sample Student 
t test. The level of significance was p < 0.05. 


Results 


There were no differences in age, body weight, mar- 
ital status, reproductive history, menstrual history, or 
degree of dysmenorrhea between the patient and con- 
trol groups (Table I). The mean duration of PMS symp- 
toms in the patient group was 60.5 months. 

To participate in the study, the menstrual distress 
questionnaire score on day 7 had to be <80. The ques- 
tionnaire score on day 7 before the study for the group 
with PMS was not significantly different from that of 
control subjects (55.2 + 2.3 vs 53.1 + 2.6, mean + 
SE). The large difference in menstrual distress ques- 
tionnaire score on day 25 (125.7 + 8.2 for the group 
with PMS and 51.5 + 1.1 for the control group) was 
expected, on the basis of the criteria for inclusion in 
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Table II. Mean vitamin E levels (wg/dl) over three menstrual cycles of patients with PMS and 


control subjects 


Control group 


PME group 


l 1238 (14) 850 (12) 701 (15) 662 (14) 
9 852 (12) 886 (13) 560 (10) 600 (8) 
3 720 (13) 957 (14) 904 (10) 1072 (15) 
4 877 (14) 748 (13) 919 (15) 969 (12) 
5 735 (11) 789 (14) 763 (14) 700 (14) 
6 892 (13) 672 (10) 1052 (12) 998 (14) 
7 1049 (12) 1140 (11) 967 (13) 935 (11) 
8 1102 (15) 901 (8) 878 (15) 847 (12) 
9g 811 (15) 723 (13) 948 (12) 928 (12) 
10 976 (16) 878 (13) 889 (15) 780 (15) 
Mean + SE G95 + 55 854 + 45 769 + 143 849 + 53 


F, Follicular phase; L, luteal phase; numbers in parentheses are number of observations. 


this study. A similar pattern of score changes were 
noted in each PMS and control subject each month 
during the study period. The mean of the 3 months’ 
scores for the patients with PMS was 53.1 + 1.9 during 
the follicular phase and 120.7 + 6.2 during the luteal 
phase. For the control group, the mean was 49.8 + 2.6 
during the follicular phase and 52.8 + 2.4 during the 
luteal phase. 

All the participants showed a biphasic BBT pattern 
each month, suggesting ovulation and adequate luteal 
phase. The LH and FSH levels are shown in their char- 
acteristic patterns, with the day of the LH peak des- 
ignated as day LH 0. The LH peak reached 92.3 + 12.5 
mIU/ml (mean + SE), whereas FSH was 24.2 + 5.3 
mIU/ml on day LH 0. In the control group, vitamin 
E values were 854 + 45 wg/dl (mean + SE) during the 
luteal phase, and 925 + 55 wg/di during the follicular 
phase. No significant changes were noted between the 
two values. In the patients, the values were 849 + 53 
pg/di during the luteal phase, which was not signifi- 
cantly different from 858 + 48 g/dl during the fol- 
licular phase. No significant changes were noted be- 
tween the control group and the patients in either the 
luteal or the follicular phase (Table II). 


Comment 


It was hypothesized that vitamin E exerted its clinical 
effects on PMS symptoms through regulation of aber- 
rant prostaglandin synthesis. This was determined on 
the basis of the observation that there was an inhibitory 
effect of vitamin E on the release of arachidonic acid 
from its storage pool, which decreased the availability 
of prostaglandin F», precursors. The effect of vitamin 
E on the PMS symptoms was also hypothesized to be 
related to its modulatory effects, either directly or in- 
directly, on neurotransmitters in the central nervous 
system. Vitamin E supplementation blocked decreases 


y-aminobutyric acid induced by prostaglandin precur- 
sors.'® Radiolabeled vitamin E crossed the blood-brain 
barrier into several areas in the central nervous system 
in rat.” Vitamin E deficiency was associated with de- 
creases in a-adrenergic binding sites in the central 
nervous system and decreases im choline acetyltrans- 
ferase.”° ` 

However, vitamin E deficiency in PMS patients was 
not shown by peripheral vitamin E levels in our study. 
Our findings cannot explain the beneficial effect of 
vitamin E in PMS patients in previous double-blind 
studies.’ Those patients were assumed to have vi- 
tamin E deficiency before the treatment was given. The 
dosages of vitamin E administered to these patients 
ranged from 150 to 600 IU/day, which was 500% to 
2000% of the U. S. recommended daily allowance for 
adults. We suggest that the response to vitamin E in 
these studies was a result of a pharmacologic response 
rather than correction of a deficiency state. 

Another explanation for this discrepancy might be 
that vitamin E levels'in the peripheral blood do not 
parallel those in the central nervous system. It remains 
possible that the bioavailability of vitamin E in the cen- 
tral nervous system, which is related to the activities of 
several neurotransmitters, could decrease during the 
luteal phase in some patients with PMS. Asa result, the 
premenstrual symptoms occur. However, these changes 
in vitamin E levels in the central nervous system may 
not be reflected in the peripheral blood levels. 

The procedures we used to measure serum vitamin 
E levels were described by Duggan" followed by Han- 
sen and Warwick.’® The same method has been used 
by several investigators.” In one study” The lower 
vitamin E levels in the peripheral blood of subjects with 
sickle cell anemia increased to the values similar to that 
of normal subjects after they were treated with vitamin 
E. It would be interesting to see whether our patients 
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with PMS will have increases of vitamin E levéls in the 
peripheral blood and whether they will have decreases 
of symptoms after the vitamin E is supplemented. 

Because of the rigorous initial entry criteria, such as 
at least a 2-month medication-free (including any form 
of vitamin or nutritional supplement) interval before 
testing, and the requirement of blood drawing at 2- or 
3-day intervals for 3 months when no treatment could 
be given, the sample size in our study was limited. Yet 
these subjects would be expected to show vitamin E 
deficiency during the luteal phase if the deficiency 1s 
related to PMS symptoms; and can be shown in the 
peripheral circulation. 

Mira et al.‘ measured several vitamin and trace ele- 
ment levels in the serum of patients with PMS on two 
occasions (premenstrual and postmenstrual) in 1 month 
and found no evidence for nutritional deficiencies in- 
cluding vitamin E. We now confirm and enlarge this 
previous observation. Further clarification of the role 
of vitamin E in central neurotransmitter activities and 
the relationship between the central and peripheral 
levels of vitamin E is needed. Until these issues are 
addressed, vitamin E supplementation can only be con- 
sidered as an empirical therapy for PMS. 


We thank Ms. Jo Ann Rabb for excellent editorial 
assistance in the preparation of the manuscript, as well 
as Elaine Brown, Michael Harris, William A. Harris, 
BA, and Sheila Jones for technical assistance. 
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Intrauterine Listeria infection: Prenatal diagnosis by 
biophysical assessment and amniocentesis 


Robert I. Liner, MD 
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Diagnosis of intrauterine listeriosis and fetal salvage were facilitated by amniocentesis in a nonlaboring 
patient with fever and decreased fetal movement at 35 weeks’ gestation. (AM J OBSTET GYNECOL 


1990;163:1596-7.) 
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Maternal listeriosis is known to be associated with a 
minimum of clinical symptoms but a high degree of 
perinatal mortality and morbiditv. We report a case in 
which biophysical assessment for decreased fetal move- 
ment prompted amniocentesis in a nonlaboring, min- 
imally ill patient at 35 weeks’ gestation. Microscopic 
analysis of the fluid facilitated a prenatal diagnosis of 
fetal sepsis as a result of Listeria, allowing immediate 
initiation of antibiotic therapy, cesarean delivery, and 
fetal salvage. 


Case report 


Our patient was a 30-year-old woman, gravida 4, para 
0, at 35 weeks’ gestation. Three days after a reactive 
nonstress test—performed because of an episode of 
vaginal bleeding with a low-lying placenta—she called 
to report an absence of fetal movement over the past 
12 hours. She had not bled again but reported malaise, 
increased flatulence, and mild gas pains. She had not 
noticed fever, chills, or contractions. 

On examination she seemed anxious but not ill. She 
was surprised to hear that she had a fever of 38.6° C. 
The pharynx was slightly erythematous. The abdomen 
was benign. The uterus was soft, nontender, and non- 
irritable. There were no contractions. Fetal heart activ- 
ity was monitored at a rate of 160 beats/min without 
decelerations. Variability was present but diminished. 
Her cervix was long and closed; the vertex was bal- 
lotable. 

The report of absent fetal movement and the de- 
creased variability led to biophysical assessment. De- 
spite rapid infusion of a liter of dextrose in 5% lactated 
Ringer’s solution, the fetus appeared inert; two points 
were given for fluid and two for cardiac activity for a 
score of 4. | 

Unexplained maternal fever and verified lack of 
fetal activity suggested the possibility of sepsis, so 
the biophysical assessment was followed by amniocen- 
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tesis. We obtained clear fluid with a striking yellowish 
green color. An immediate microscopic examination 
of stained and prestained fluid disclosed 4+ Gram- 
positive rods with a tumbling motility characteristic of 
Listeria monocytogenes. Because of ampicillin allergy, the 
patient was started on intravenous erythromycin while 
preparations were made for operative delivery. The 
intensive care nursery was advised of the probability of 
fetal listeriosis and, because of the evidence of fetal 
distress, general anesthesia was induced and the patient 
was promptly delivered of the infant. 

Approximately 1 hour after the mother’s hospital 
admission, a shocky 2200 gm female was delivered with 
Apgar scores of 2 and 4 at 1 and 5 minutes, respectively. 
The hematocrit was unremarkable. Cord blood was aci- 
dotic: pH (venous), 7.21; PcO,, 52; and Pos, 23. A do- 
pamine drip was required to maintain the infant’s blood 
pressure for the first 18 hours after birth. Ventilatory 
support was required for 28 hours. Cultures of mater- 
nal blood, amniotic fluid, fetal blood, and fetal gastric 
aspirate were positive for Listeria; the fetal cerebrospi- 
nal fluid was culture negative. The placenta, in addition 
to acute chorioamnionitis, had microabscesses typically 
associated with Listeria placentitis. 

The mother had a benign postcperative course. She 
was discharged on postoperative day 4. The infant re- 
ceived a 2-week course of ampicillin combined with 1 
week of gentamicin and has been entirely well since 
discharge 2 weeks after delivery. 


Comment 

Listeriosis in human beings occurs primarily in cir- 
cumstances of altered immunity, including pregnancy. 
Because maternal symptoms are vague and nonspecific, 
they are easily dismissed as influenza. For that reason, 
diagnosis is generally not made until the patient is in 
labor or, more often, until after the delivery of a sick 
neonate. In such cases of congenita! listeriosis, the mor- 
tality has been reported to be as high as 71%.' 

Among the few cases in which maternal Listeria in- 
fection has been specifically diagnosed and treated pre- 
natally, the organism has most often been recovered 
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from maternal blood or from the cervix. Amniocentesis 
has been recommended in midtrimester in the evalu- 
ation of otherwise unexplained maternal fever. A re- 
cent case report documents a third-trimester case of 
congenital listeriosis in which amniocentesis was per- 
formed in the context of uterine irritability and a 
threatening cervix at 32 weeks’ gestation.? But we are 
not aware of any reported case in which a prenatal 
diagnosis of Listerta sepsis has resulted from amniocen- 
tesis prompted by lack of fetal movement. Our case 
serves to illustrate the point that reduced fetal activity 
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may be a sign of amnionitis and fetal sepsis even in the 
absence of either contractions or other signs to suggest 
uterine infection. 
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~- Between June 26, 1985, and Feb. 24, 1989, 101 seropositive pregnant women and 129 seronegative 
pregnant women from the same prenatal clinics in Brooklyn and the Bronx were recruited into a 
prospective study of human immunodeficiency virus infection in pregnant women and their offspring. This 
report detalls the course of pregnancy and short-term neonatal outcomes of 91 seropositive women and 
126 seronegative women who gave birth during the study period. Seropositive mothers were significantly 
more likely to have sexuaily transmitted diseases (17.6% vs 7.1%, p = 0.017) and medical complications 


(43.0% vs 25%, p = 0.006) during pregnancy. No other obstetric complications (e.g., chorioamnionitis, 
endometritis, toxemia, or placental problems) were associated with serologic status. After controlling for 
confounding variables (drug use, tobacco use, age of mother, and clinic), we found that the mother’s 
serologic status was not significantly associated with birth weight, gestational age, head circumference, or 
Apgar scores among live infants. For example, after adjustment on confounders we found that children 
born to seropositive mothers weighed about 7 gm more than children of seronegative mothers (95% 
confidence interval, — 180 to 194 gm). We conclude that in this population human immunodeficiency virus 
infection has little demonstrable impact on the status at birth of live neonates. (Am J OBSTET GYNECOL 


1990;163:1598-604.) 
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diseases 


Anonymous newborn surveillance programs have 
provided estimates of human immunodeficiency virus 
(HIV) serologic prevalence among pregnant women in 
various parts of the United States.'* In New York state, 
for example, where one of the most comprehensive 
programs has been instituted, 0.66% of neonates are 
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born with passively transferred maternal HIV antibody 
in the blood.’ Programs in Massachusetts have revealed 
that 0.75% of neonates in inner-city hospitals are sim- 
ilarly exposed to HIV. Studies in more than 44 states, 
similar to the investigations conducted in New York 
and Massachusetts, result in estimates that >5000 
HIV-infected women give birth annually in the 
United States. Coincident with the recognition of this 
problem, prenatal HIV counseling and testing pro- 
grams have been recommended by a variety of agencies 
(including the Centers for Disease Control and the 
American College of Obstetricians and Gynecologists*) 
and have been instituted in many prenatal centers.* ’ 
Information necessary to appropriately counsel and 
manage women identified as seropositive includes data 
on the short-term outcome of pregnancy. To date, pub- 
lished results from studies analyzing the effect of HIV 
infection on pregnancy outcomes (aside from those 
performed in Africa where some unique factors pres- 
ent in these populations influence birth outcomes) have 
been limited by failure to control for potential signifi- 
cant confounders, such as alcohol and tobacco use, and 
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Table I. Study patients giving birth by clinic, HIV status, and prenatal drug use 


HIV positive 


Brooklyn Addictive 


Service 
Haitian 0 16 l 
Outside referrals 6 19 2 
Einstein 8 7 0 
Bronx Lebanon l 1 0 
TOTAL 40 44 7 


*Cocaine, methadone, heroin, dolophine, or other narcotics. 


inclusion (almost exclusively) of intravenous drug 
users.” ° In addition, previous reports from developed 
nations have analyzed only 25 to 30 births to seropos- 
itive patients with a concomitant limitation in the sta- 
tistical power of results.* ° Finally, recent data on the 
effect of maternal serologic status on birth outcomes’ 
have been in conflict with initially reported data.*° 

To address these and other concerns, we undertook 
a prospective study of HIV-positive pregnant women 
(predominantly asymptomatic) and their offspring and 
comparable HIV-negative women from the same clin- 
ics. Although this cohort study is designed to provide 
information on the natural history of HIV disease in 
mothers and children for several years after an index 
pregnancy, this report is restricted to a comparison of 
the health status at birth of infected and uninfected 
mothers and their infants. 


Methods 


Population. From June 26, 1985, to Feb. 24, 1989, 
HIV-infected and uninfected prenatal patients at clin- 
ics in Brooklyn and the Bronx were recruited into a 
prospective cohort study. Except at the Kings County 
Hospital Center’s clinic for prenatal Haitian women 
(see below), all women who agreed to be tested for HIV 
and who agreed to remain in follow-up through preg- 
nancy and to allow subsequent follow-up of themselves 
and their infants were included in the study (Table I). 
Thirty of 77 patients at the Kings County Hospital Ad- 
dictive Disease Clinic (Brooklyn Addictive Service in 
Table I) were seropositive. Referred patients in Brook- 
lyn (outside referrals) who came for HIV testing and 
were found to be HIV positive, were recruited as were 
seronegative patients from the same source (20.6% of 
these patients are drug users). At Jacobi Hospital and 
Bronx Lebanon Hospital in the Bronx, prenatal pa- 

tients with recognized risk for HIV infection (i.e., in- 
“travenous drug use or sexual partner of drug user) 
were referred by clinic staff to study personnel and 


Used Did not use Drug use Used Did not use Drug use 
Clinic drugs* drugs unknown Total drugs drugs unknown Total 
25 l 4 30 40 2 2 


HIV negative 


44 
17 0 39 0 39 
27 0 5 0 5 
15 13 21 1 35 
= a! 2 2 e 
91 54 69 3 126 


offered HIV testing. All such referrals (seropositive 
and seronegative) were offered study entry. Because 
only about 6% of women at the Kings County Hospital 
Center’s Prenatal Clinic for Haitian women were sero- 
positive, only two seronegative women were selected 
for each seropositive woman at this clinic. The sero- 
negative women who were selected to enter the study 
were in the same trimester of pregnancy as the sero- 
positive women at entry. Unregistered patients were 
not evaluated in this study. 

Data are available on 101 seropositive patients and 
129 seronegative patients who consented to entry the 
study. An additional 11 seropositive women refused 
entry or never returned for results. All participants 
completed their pregnancies or, in the case of abortions, 
have passed their estimated dates of confinement. 
Among seronegative patients, 124 (96%) had live 
births, 2 (2%) had stillbirths, and 3 (2%) underwent 
intentional abortion. Among seropositive patients, 91 
(90%) had live births, one had a spontaneous abortion, 
and 9 (9%) had intentional abortions. This study 
focuses on the 91 HI1V-seropositive and 126 HIV- 
seronegative mothers who gave birth and for whom 
outcome data are available. Twins born to two of the 
HIV-seropositive mothers and stillbirths born to two 
seronegative mothers were excluded from infant eval- 
uations. The mothers of twins were also excluded from 
analyses of obstetric complications. 

Outcome measures. Obstetric outcomes were de- 
fined as follows: premature rupture of membranes, 
rupture of membranes before the onset of labor (since 
women undergoing electively scheduled cesarean sec- 
tion were at less risk for premature rupture of mem- 
branes, they were excluded from this analysis); mater- 
nal fever, two temperature readings of =101° F during 
the intrapartum or postpartum period; chorioamnio- 
nitis, women in labor with a temperature >100.4° F 
without an extrauterine cause. Because some patients 
were uncertain about their last menstrual period and 
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some patients did not have early ultrasonographic eval- 
uation, gestational age was based on physical exami- 
nation at birth. In addition, standard physical mea- 
surements and Apgar scores were recorded at birth. 

T-cell analyses. Lymphocyte phenotyping on a 
flow cytometer (Epics C, Coulter Electronics, Inc., Hi- 
aleah, Fla.) was performed with directly fluoresce- 
inated monoclonal antibody reagents OKT4 and OKT8 
(Ortho Diagnostics, Raritan, N.J.) as phenotypic mark- 
ers of T4* and T8* T-lymphocyte subsets, respectively. 
Absolute T-cell counts were the product of the pro- 
portion of cells staining with each marker and the total 
lymphocyte count as measured by complete blood 
count and differential. 

Statistical methods. Quantitative variables were com- 
pared with a two-sample ¢ test, and proportions were 
compared with a x? test unless any cell count was <5; 
then two-sided Fisher’s exact test was used. Significant 
levels were adjusted using the procedure of Mantel and 
Haenszel’! for stratified analysis of contingency tables. 
Adjusted estimates of HIV effects on birth weight and 
other infant birth characteristics were obtained from 
multivariate linear regressions that included HIV status 
(1 if seropositive, 0 otherwise) and additional! covariates 
that affect fetal growth. The symbol NS indicates that 
a difference is not statistically significant (p > 0.05). 


Results 


Women. Infectious, obstetric, and medical compli- 
. cations are detailed in Table II. Seropositive patients 
had significantly more (17.6%) sexually transmitted dis- 
eases than seronegative patients (7.1%). Chorioam- 
nionitis, endometritis, and maternal fever occurred 
among 2 (2.4%), 4 (4.4%), and 12 (14.3%) of the sero- 
positive women and 6 (5.0%), 3 (2.4%), and 11 (9.2%) 
of the seronegative women, respectively (NS). None of 
these differences was statistically significant in a strat- 
ified analysis to control for delivery by cesarean section 
(the cesarean section rates for seropositive and sero- 
negative patients were 12% and 18%, respectively). 
Other infectious complications (e.g., urinary tract in- 
fections, respiratory infections) occurred in 9 (9.9%) 
seropositive women and 5 (4.0%) seronegative women 
(NS). There were three opportunistic infections in- 
cluded among the seropositive women’s infections (de- 
scribed in detail in a previous publication’). 

Premature rupture of membranes occurred in 21 of 
109 (19.3%) seronegative patients and 25 of 80 (31.2%) 
seropositive patients (NS); this analysis excludes pa- 
tients who had elective cesarean sections. No additional 
obstetric complications, including placental problems, 
malpresentations, toxemia, or hemorrhage, were as- 
sociated with serologic status. 

Medical complications were noted in 37 (43.0%) 
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seropositive and 30 (25.0%) seronegative woman 
(p = 0.006). Although the tota? number of complica- 
tions was greater among seropositive patients, no 
specific type of complication fe.g., hypertension or 
diabetes) was significantly associated with serologic 
status. : 

Infants. Birth outcomes are shown in Table III. The 
mean gestational age (+ SEM) and birth weight of chil- 
dren of seronegative mothers are 38.8 + 2.3 weeks and 
3014 + 676 gm compared with 38.2 + 2.6 weeks and 
2906 + 657 gm for children of seropositive mothers 
(NS). There was no significant difference when all in- 
fants or only those whose mothers had the same drug 
use status were compared. Similarly, weight/age ratios, 
heights, and head circumferences did not differ sig- 
nificantly. The mean l- and 5-minute Apgar scores 
of children of seronegative mothers were 7.7 + 1.7 
and 8.7 + 1.1, whereas for children of seropositive 
mothers the scores were 7.6 = 1.9 and 8.7 + 1.2 
(NS). | 

Multivariate linear regression models were used to 
adjust all analyses in Table IV for site of clinic and 
mother’s prenatal drug status. In addition, mother’s 
cigarette use and age at delivery were inversely asso- 
ciated with birth weight, height. and head circumfer- 
ence and were included in the regression analyses of 
those outcomes. The last column indicates which, co- 
variates were included in the regression models, in ad- 
dition to HIV serologic status (coded 1 or 0); the co- 
efficients provide an indication of the degree to which 
the covariates influence the response and in what di- 
rection. For example, the number — 389 in the birth 
weight row indicates that mothers who smoke >20 cig- 
arettes per day have infants weighing 389 gm less than 
infants of nonsmokers. The purpose of this multivari- 
ate regression was not primarily to estimate the impact 
of covariates such as smoking, but to yield a valid com- 
parison between HIV-positive and HIV-negative moth- 
ers, even if important characteristics, such as heavy 
smoking, tended to be more prevalent in one group of 
mothers than the other. Other covariates (e.g., alcohol 
use) were considered for inclusion in these models but 
were not used because they were not statistically sig- 
nificantly associated with birth outcomes in models con- 
taining clinic and drug use status. 

Table IV shows that maternal HIV status was not 
significantly associated with size, birth weight, head cir- 
cumference, or Apgar score in these analyses. The ad- 
justed effect of positive maternal HIV serologic status 
(+ 1.96 SE) was 7.15 + 187 gm on birth weight, 
— 0.045 + 1.10 cm on height, and — 0.085 + 0.684 cm 
on head circumference. Additicnal models adjusting 
for the effect of maternal T-cell level (measured within 
2 months of birth) in addition to the factors cited above 
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Infectious complications 
Sexually transmitted diseases 
Drug use 
No drug use 
Maternal fever= 
Drug use 
No drug use 
Chorioamnionitis$ 
Endometritist 
Other infection§ 


Obstetric complications 

Abnormal presentation 

Placenta previa 

Abruptio placentae 

Retained placenta 

Toxemia 

Premature labor 

Premature rupture of membranes 
(excludes elective cesarean sec- 
tions) 
Drug use 
No drug use 

Peripartum hemorrhage 


Medical complications 
Endocrine 
Cardiovascular 
Any medical 

Drug use 
No drug use 


9/126 (7.1%) 
5/54 (9.3%) 
4169 (5.8%) 
11/119 (9.2%) 
4150 (8.0%) 
7.67 (10.4%) 
6/119 (5.0%) 
3/126 (2.4%) 
5/126 (4.0%) 


7/118 (5.9%) 
9/118 (1.7%) 
3/118 (2.5%) 
1/126 (1.0%) 
4/118 (3.4%) 
9/78 (11.5%) 
21/109 (19.3%) 


8/45 (17.8%) 
13/62 (21.0%) 
5/126 (4.0%) 


6/126 (4.8%) 
6/126 (4.8%) 
30/120 (25.0%) 
16/50 (32.0%) 
12/67 (17.9%) 


Unadjusted 
HIV negative HIV positive significance 






Adjusted 
significance” 


16/91 (17.6%) p = 0.017 p = 0.018 
10/40 (25.0%) p = 0.039 

5/44 (11.4%) NS 

12/84 (14.3%) NS NS 
6/39 (15.4%) NS 

5/39 (12.8%) NS 

9/84 (2.4%) NS 

4/91 (4.4%) NS 

9/91 (9.9%) NS 

4/84 (4.7%) NS 

1/85 (1.2%) NS 

0/85 (0.0%) NS 

3/89 (3.4%) NS 

1/85 (1.2%) NS 

13/56 (23.2%) NS 
25/80 (31.2%) NS NS 
16/35 (45.7%) p = 0.007 

7/39 (17.9%) NS 

4/89 (4.5%) NS 

5/91 (5.5%) NS 

6/91 (6.6%) NS 
37/86 (43.0%) p = 0.006 p = 0.007 
16/39 (41.0%) NS 

15/41 (36.6%) p = 0.030 


*Significance levels were adjusted by stratification on drug use with the procedure of Mantel and Haenszel. 
Sexually transmitted diseases include syphilis, gonorrhea, hepatitis, herpes, condyloma, and genital ulcers diagnosed during 


pregnancy. 


No difference noted when each mode of delivery was studied individually (i.e., vaginal, elective cesarean, nonelective cesarean). 
$Other infections include respiratory tract, urinary tract, Candida, etc. 


did not reveal any significant associations between se- 
rologic status anc birth outcomes. Regression models 
restricted to only those infants with birth weights 
<2500 gm and to infants born at <37 weeks’ gestation 
were also performed and revealed no significant as- 
sociations with serologic status. 

To assess the effect of more advanced immunode- 
ficiency on outcomes, we separately assessed women 
whose last T,-cell level before delivery was <300/mm’. 
There were only five such women, however, and their 
outcomes did not vary significantly from those of other 
seropositive women. 


Comment 


Our data indicate that maternal serologic status in a 
population of women with low acquired immunodef- 
ciency syndrome (AIDS) prevalence (approximately 3% 
of the seropositive women had AIDS) has little or no 
demonstrable impact on the course of pregnancy or on 
the size, weight. and Apgar scores of live neonates. 
These findings are in agreement with those of Selwyn 


et al.,® who studied American women who used drugs, 
and with those of Johnston et al.’ who studied women 
drug users in Edinburgh. Our findings extend those of 
previous studies by including seropositive women with- 
out a history of drug abuse. However, it should be 
mentioned that the power of the study to detect adverse 
effects of HIV infection on infrequent complications 
of pregnancy, such as endometritis or toxemia (Table 
II) is limited, and additional data on such infrequent 
complications would be useful. 

These results differ from the report of Ryder et al." 
who found that children born to seronegative women 
in Zaire weighed 3107 gm, on average, compared with 
2888 gm for children of seropositive women. However, 
most of this difference of 219 gm is attributable to the 
85 women with AIDS (18.2% of seropositives) whose 
children weighed only 2698 gm on average. In contrast, 
only 3% of the seropositive women in our study had 
AIDS at the time of delivery. Possibly, as advanced 
stages of immunodeficiency and AIDS develop in more 
women in the United States, the effects of seropositivity 
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Table III. Child’s quantitative characteristics at birth, stratified by mother’s prepartum drug use 











Mother HIV negative at birth Mother HIV postitve at birth 
e e e e e 


Significance 
(two-tailed t test) 





Gestational age (wk) 115 38.8 38.2 NS 
(by pediatrician) 
Drug use 49 37.9 2.6 37 37.6 2.8 NS 
No drug use 63 39.4 1.7 40 38.9 2.3 NS 
Size” 118 1.9 0.45 84 2.0 0.41 NS 
Drug use 50 1.9 0.40 38 1.9 0.49 NS 
No drug use 66 2.1 0.47 41 2.1 0.34 NS 
Weight (gm) 120 3014 676 85 2906 ` 657 | NS 
Drug use 5] 2796 609 38 2680 629 NS 
No drug use 67 3184 688 4] 3147 632 NS 
Weight/age ratiot 110 0.16 0.17 14 0.16 0.10 NS 
Drug use 47 0.15 0.23 93 0.13 0.12 NS 
No drug use 61 0.17 0.12 38 0.18 0.06 NS 
Height icm) 107 48.5 3.6 77 48.2 3.7 NS 
Drug use 46 47.5 3.3 35 46.9 3.8 NS 
No drug use 59 49.4 3.6 39 49.5 3.3 NS 
Head circumfer- 108 33.5 3.1 78 33.2 2.4 NS 
ence (cm) 
Drug use 46 32.6 1.6 35 32.5 2.6 NS 
No drug use 60 34.2 3.8 40 33.9 Zot NS 
Total Apgar score 113 7.7 1.7 82 7.6 1.9 NS 
(1 min) 
Drug use 47 7.6 1.9 38 7.5 2.1] NS 
No drug use 64 7.7 1.5 39 7.6 1.7 NS 
Total Apgar score 113 8.7 LI 82 8.7 2 NS 
(5 min) 
Drug use 47 8.7 1.3 38 8.7 1.4 NS 
No drug use 64 8.8 0.9 39 8.7 1.2 NS 


*Size is coded as follows: 1 = small for gestational age; 2 = at gestational age; 3 = 


large for gestational age. 


+This ratio is calculated from Fig. 7-1 in Phibbs RH. The newborn infant. In: Rudolph AM, Hoffman, JIE. eds. Pediatrics. 
Norwalk, Connecticut: Appleton & Lange, 1987. The ratio is (weight — 2. 289)/(age — 34) where weignt is in kilograms and age 


is in weeks of gestation. 


seen in Africa will become apparent. There are at least 
two mechanisms by which advanced maternal immu- 
nodeficiency could lead to low birth weight. First, the 
mother’s health may suffer and she may be unable to 
provide an optimal environment for fetal growth. Sec- 
ond, immunodeficiency in the mother might promote 
direct viral infection in the fetus. The differing results 
found in Africa may also reflect other aspects of the 
health of women there, including variations in viru- 
lence of HIV strains, social factors, and other causes of 
low birth weight, such as use of tobacco and drugs. All 
patients in our study had ‘ ‘wanted” pregnancies (i.e., 
they chose not to abort). Another possible contributor 
to the African findings is the fact that 71% of cases 
were from a hospital serving a lower. socioeconomic 
clientele, whereas only 56% of controls were from that 
hospital. 

Although our data give no indication that seroposi- 
tivity is associated with birth outcome, the confidence 
intervals are broad enough to include some deficits 
(Table IV). For example, the 95% confidence interval 
for birth weight is — 180 to 194, Thus the data do not 
rule out the possibility that seropositivity induces a def- 


icit of 180 gm. However, larger deficits are not consis- 
tent with our data. | 

As expected, we found that birth weights were re- 
lated to drug use and smoking as well as maternal age. 
After including these factors in regression models, as 
well as T,-cell counts, and clinic setting, we found 
no significant effect of serologic status on birth weight 
or gestational age. The lack of a significant effect of 
positive serologic status on weight, height, or gesta- 
tional age may not be generalizable to populations ‘of 
women with more advanced immunodeficiency, as dis- 
cussed previously. 

We did note a trend toward more frequent infectious 
complications among seropositive women. Sexually 
transmitted diseases were diagnosed almost twice as 
often among seropositive women. This could reflect a 
life-style that predisposes to both HIV infection-and 
the acquisition of other sexually transmitted diseases, 
an enhanced susceptibility to HIV infections among 
patients with sexually transmitted diseases, or a more 
protracted course of sexually transmitted diseases 
among HIV-infected women, leading to an increased 
likelihood of diagnosis of sexually transmitted diseases 
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Table IV. Regression models to adjust the effect of maternal HIV status on child’s quantitative outcomes 
for other factors 


Adjusted effect of positive 
maternal HIV status 


(with 95% confidence 
interval) SE 


Other independent variables in the model 
(with regression coeffictents)* 





Dependent variable n Significance 


Size 191 0.034 (—0.10-0.17) 0.070 NS Outside (0.087), Haitian (0.184), 


Birth weight (gm) 182 7.15 


Birth weight (cm) 167 


Birth head circumference (cm) 170 


Apgar score (1 min} 185 


Apgar score (5 min) 185 


(— 180-194) 
~0.045 (—1.14-1.06) 
—0.085 (—0.77-0.60) 


~Q.015 (—0.60-0.56) 


0,006 (—0.39-0.38) 0.197 NS 


Einstein (0.020), drug use 
(— 0.073) 

Outside (40.8), Haitian (302), Ein- 
stein (126), drug use (— 23.2), 
mother’s age at delivery (— 25), 
smoked <20 (250), smoked 220 
(— 389) 

Outside (0.331), Haitian (1.176), 
Einstein (-— 1.291), drug use 
(— 1.06), mother’s age at delivery 
(—0.105), smoked <20 (— 0.300), 
smoked =20 (— 1.001) 

Outside (0.129), Haitian (0.702), 
Einstein (0.102), drug use 
(—0,587), mother’s age at delivery 
(— 0.063), smoked <20 (— 0.911), 
smoked 220 (— 0.979) 

Outside (0.282), Haitian (0.805), 
Einstein (0.671), drug use (0.330) 

Outside (0.282), Haitian (0.480), 
Einstein (0.456), drug use (0.181) 


95.5 NS 


0.561 NS 


0.349 NS 


0.295 NS 


*All analyses were adjusted for clinic and mother’s prenatal drug use status. Mother’s smoking status and age at delivery were 
associated with birth weight, height, and head circumference and were included in the analysis of these outcomes. The four 
patients from Bronx: Clinic were not included. Dummy variables coded 1.0 or 0.0 indicated referral from the outside, Haitian, 
or Einstein clinics, whether the mother used drugs, and whether the mother smoked 1 to 19- cigarettes per day or at least 20 
cigarettes per day during the first trimester. Mother’s age at delivery was coded in years. Size is coded as in Table III. Additional 
models for the mother’s last known thyroxine level, as well as the above factors, were performed but did not result in any eprincent 


associations with birth outcomes. 


at any given point in time. The association of HIV with 
sexually transmitted diseases in pregnancy has clinical 
consequence because many of these infections, partic- 
ularly syphilis and chlamydia, can lead to perinatal mor- 
bidity. Therefore assiduous screening for sexually 
transmitted diseases at first contact and again in the 
third trimester seems prudent. Since the efficacy of 
standard therapies for sexually transmitted diseases in 
seropositive pregnant women remains largely unstu- 
died, it would seem appropriate to obtain tests of cure. 
The trend toward a higher incidence of premature rup- 
ture of membranes among seropositive women could 
also reflect a change in vaginal flora that has been linked 
to premature rupture of membranes."* 

As expected, opportunistic infections were seen only 
in the seropositive cohort. A previous report from an 
overlapping cohort has shown that, as in nonpregnant 
patients, low T,-cell counts are predictive of risk for 
infections among seropositive pregnant women.” That 
report noted a substantial risk of serious infections dur- 
ing pregnancy among those whose T,-cell counts de- 
creased to <300/mm*. However, opportunistic infec- 
tions were uncommon among our seropositive patients. 


Although rare, these serious intections carry potentially 
devastating consequences for mother and child. How- 
ever, with the newer treatment modalities, such as aero- 
solized pentamidine, it may be possible to postpone 
clinical illness beyond pregnancy. Thus it would be use- 
ful to find markers to identify the subset of patients at 
highest risk for opportunistic infections. 

The pregnancy outcomes in these women were more 
influenced by drug use and smoking than by detectable 
viral effects. No clinically significant differences in birth 
weight, birth height, head circumference, or Apgar 
scores were related to maternal serologic status. There- 
fore it seems that in populations of relatively healthy 
seropositive pregnant women both those offspring who 
will eventually become infected with HIV and those 
who will not become infected can benefit from the ap- 
plication of conventional precepts of prenatal care.-In 
particular, every effort should be made to encourage 
the prospective mother to stop using drugs, cigarettes, 
and alcohol and to reduce exposures to sexually trans- 
mitted diseases. In addition, obstetricians should direct 
increased attention to screening for sexually transmit- 
ted diseases, to treatment of these infections, and to 
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careful posttreatment assessment of the mother’s in- 


fection status. 
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Screening for trisomy 21 with ultrasonographic determination 
of biparietal diameter/femur length ratio 
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Ultrasonographic determination of biparietal diameter/femur length ratios performed at 16 or 17 weeks’ 
gestation in fetuses with trisomy 21 were not statistically different from those of 155 normal fetuses. It 
appears that this test could not be used for screening for trisomy 21. (Am J OBSTET GYNECOL 


1990;163:1604-5.) 


Key words: Ultrasonography, trisomy 21 


Lockwood et al.! have suggested that Down syn- 
drome may be associated with shortened femur lengths 
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and elevated biparietal diameter/femur length ratios. 
These features would allow for a noninvasive screening 
technique applicable to a larger obstetric population 
than that of patients 35 years old or older. Recently we 
have had many consultations for ultrasonography on 
the basis of.these skeletal features requesting use of the 
ratio to rule out trisomy 21 in women not considered 
at increased risk by maternal age. The concern about 
offering amniocentesis to such pazients for fetal karyo- 
typing motivated this study. 
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Methods 


This cohort study comprised 31 fetuses with trisomy 
21 and 155 control fetuses without anomalies. The sub- 
jects were drawn from our antenatal genetic diagnostic 
clinic population. All pregnancies were referred for 
advanced maternal age 235 years. All ultrasonographic 
and amniocentesis techniques were performed at 16 or 
17 weeks by the same team over a period of 3% years. 
All ultrasonographic data were gathered with a Sie- 
mens Sonoline SL-2 or AC unit with a linear array 3.5 
MHz transducer. The biparietal diameter was mea- 
sured from a leading edge to a leading edge in a trans- 
axial plane of the widest portion of the skull with the 
thalamus positioned in the midline. The femur was 
measured along the long axis of the diaphysis, disre- 
garding the curvature. Control subjects were defined 
as the next five pregnancies after the diagnosis of tri- 
somy 21] in a fetus with the same maternal age and 
parity, with no chromosomal or anatomic anomaly. As 
reported by Lockwood et al.,’ we used a threshold of 
abnormality for the biparietal diameter/femur length 
ratio >1.5 SDs above the mean. A 2 X 2 contingency 
table was constructed for x? analysis with Yates’ cor- 
rection. 


Results 

There was no significant difference for maternal age, 
parity, and gestational age at amniocentesis between 
both groups. The population studied was 92% white 


and was comparable in both groups. There were 6% | 


blacks and 2% other races. Table I depicts the results 
in a 2 X 2 table of biparietal diameter/femur length 
ratio. There was no correlation between the diagno- 
sis of trisomy 21 and an abnormal! biparietal diame- 
ter/femur length ratio (x? = 0.052, p = 0.82). 


Comment 


Lockwood et al.’ demonstrated a sensitivity of 70% 
with a threshold of 1.5 standard deviation above the 
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Table I. Biparietal diameter/femur length 
ratios in fetuses with trisomy 21 and normal 
fetuses 








Biparietal 
diameter/ femur 
length 






Trisomy 21 





>1.5 SD 3 14 
$1.5 SD 28 14] 


x? = 0.052; p = 0.82. 


mean for biparietal diameter/femur length ratio in a 
Boston population. In a New Haven population de- 
scribed in the same report the sensitivity was 51%. 
These authors further added that the positive predic- 
tive value of this test was greater than that of screening 
that is based on maternal age. Our report is a cohort 
study with matched controls, thus only the sensitivity 
can be reported; it was 10%. This figure varies greatly 
from 51% and 70%. Our population probably differs 
from both Boston and New Haven, but the biparietal 
diameter and femur length measurements in our study 
appear similar to previously published tables and can- 
not explain our different findings. 

We conclude that the biparietal diameter/femur 
length ratio is not a suitable method for screening for 
trisomy 21 in our population. A recent report? on low 
maternal serum a-fetoprotein values as a screen for 
trisomy 21 seems more promising but remains to be 
confirmed in further studies. 
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Direct analysis of uncultured cytotrophoblastic cells from 
second- and third-trimester placentas: An accurate and rapid 
method for detection of fetal chromosome abnormalities 
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Transabdominal chorionic villus sampling can be readily used for detection of fetal chromosome 
abnormalities in the second and third trimesters of pregnancy. Although culture of chorionic villi offers little 
advantage over cultured amniotic fluid cells with respect to time required to obtain results; cytogenetic 
analysis of chorionic villi by direct analysis of uncultured cytotrophoblastic cells offers clear advantages 
because of the very short time required to obtain results. To determine whether direct analysis of 
uncultured cytotrophoblastic cells from second- and third-trimester placentas can routinely provide rapid 
and accurate assessment of fetal status, we evaluated chorionic villus specimens obtained from 57 
placentas; 49 placentas were sampled in the second trimester whereas eight were sampled in the third 
trimester. Direct preparations yielded karyotypes in 56 (98.2%) preparations; all results of direct analyses 
were available within 72 hours and, when requested, within 12 hours. All results were confirmed by 
chromosome analysis of cultured mesenchymal core cells or cultured fetal tissue. We conclude that direct 
analysis of cytotrophoblastic cells from second- and third-trimester placentas is a very rapid and accurate 
method for determining fetal chromosome status that is comparable with, if not superior to, percutaneous 


umbilical blood sampling. (AM J Osstet GYNECOL 1990;163:1606-9.) 
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Transabdominal chorionic villus sampling can be 
used to detect fetal chromosome abnormalities in the 
second and third trimesters of pregnancy.'’ Although 
culture of chorionic villi (mesenchymal core) offers rel- 
atively little advantage over cultured amniotic fluid cells 
with respect to time required to obtain results, cyto- 
genetic analysis of chorionic villi is also possible by the 
so-called direct analysis of uncultured cytotrophoblastic 
cells. Direct analysis of uncultured cytotrophoblastic 
cells provides a rapid assessment of fetal chromosome 
complement in the first trimester,® ° with results avail- 
able within hours if needed. This interval is potentially 
even shorter than the 48 to 72 hours required to obtain 
cytogenetic results from fetal blood samples obtained 
by percutaneous umbilical blood sampling” because 
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direct analysis can be obtained the same day if neces- 
sary. We reasoned that direct cytogenetic analysis of 
cytotrophoblastic ceils could offer substantial advan- 
tagé over other methods used for second- and third- 
trimester prenatal diagnosis (e.g., cultured amniotic 
fluid cells, cultured lymphocytes obtained by fetal blood 
sampling). This article reports our cytogenetic expe- 
rience with 57 chorionic villus samples, obtained by 
either transabdominal chorionic villus sampling or 
pregnancy termination during the second and third 
trimesters of pregnancy. 


Material and methods 


Chorionic villus specimens were obtained during a 
22-month period (1988 to 1989) from patients under- 
going either transabdominal chorionic villus sampling 
during the second or third trimester (=14 weeks’ ges- 
tation) or second trimester (14 to 24 weeks’ gestation) 
pregnancy termination. Gestational age was deter- 
mined by the patient’s last menstrual period and was 
confirmed by ultrasonographically derived biometric 
measurements. The entire villus specimen was used if 
chorionic villi were obtained by transabdominal cho- 
rionic villus sampling; 15 to 20 mg of chorionic villi 
was obtained for cytogenetic analysis from second- 
trimester pregnancy termination placental speci- 
mens; this amount was comparable with amounts we 
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routinely obtain by transabdominal chorionic villus 
sampling. 

Villi were cleaned and incubated in complete me- 
dium (a-minimum essential medium supplemented 
with 15% Chang medium, 15% fetal bovine serum, 100 
IU/ml penicillin, and 100 ug/ml streptomycin) at 
37° C for 3 to 15 hours. The incubation time period 
was determined on the basis of need for rapid (<12 
hours) cytogenetic results and the time of day the 
sample was received in the laboratory. All chorionic 
villi were treated simultaneously with trypsin— 
ethylenediaminetetraacetic acid to separate cytotro- 
phoblastic cells from mesenchymal core and with Col- 
cemid to accumulate metaphases." Cytotrophoblastic 
cells were detached from chorionic villi by vigorously 
agitating villi with a Pasteur pipette, resuspension in 
complete medium, and centrifugation at 1000 rpm for 
6 minutes. The supernatant was discarded and the pel- 
let was resuspended in 5 ml hypotonic (1:1 mixture of 
0.075 mol/L potassium chloride and 0.8% sodium ci- 
trate) solution. Cells were subsequently fixed thrice with 
a 3:1 methanol:glacial acetic acid solution. Slides were 
then prepared and stained with Giemsa by conventional 
methods. 

Remaining pieces of villi, which represent portions 
of mesenchymal core, were used to initiate culture anal- 
yses.'' When fetal tissue (e.g., blood, skin) was available, 
culture analyses were initiated to corroborate direct cy- 
togenetic results. Conventional tissue culture tech- 
niques were used to perform culture analyses of fetal 
tissues. 


Results 


Chorionic villus specimens were obtained from 57 
subjects. Ten women had undergone transabdominal 
chorionic villus sampling for genetic diagnosis at or 
after 18 weeks’ gestation (range, 18 to 37 weeks). Of 
those who had transabdominal chorionic villus sam- 
pling, eight women were in the third trimester. In all 
10 transabdominal chorionic villus sampling cases, cho- 
rionic villus samples were obtained after a single ul- 
trasonographically guided passage of an 18-gauge 
spinal needle. There were no complications (infection, 
hemorrhage, stillbirth) among these 10 women who 
had second- and third-trimester transabdominal cho- 
rionic villus sampling. Forty-seven subjects underwent 
second-trimester (range, 14 to 24 weeks) pregnancy ter- 
mination for elective or genetic (e.g., fetal chromosome 
abnormalities, neural tube defects) indications. 

Sufficient tissue (25 mg of chorionic villi) to initiate 
both direct and culture cytogenetic analyses was avail- 
able from all 57 specimens. Transabdominal chorionic 
villus sampling yielded an average of 14.8 mg villi (+ 2.7 
SD; range, 5 to 30 mg) for cytogenetic analysis. We 
sought to mimic this amount in obtaining tissue for 
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cytogenetic analysis from second-trimester pregnancy 
terminations; an average of 17.8 mg villi (+£1.3 SD; 
range 15 to 20 mg) was actually obtained from these 
specimens. Forty-nine patients were in the second 
trimester (14 to 24 weeks’ gestation) and eight were in 
the third trimester (25 to 37 weeks) at the time of cho- 
rionic villi collection. 

Direct analysis of cytotrophoblastic cells yielded me- 
taphases suitable for cytogenetic analysis in 56 of 57 
(98.2%) cases. At least eight metaphases were analyzed 
from each direct preparation. In all cases results were 
available within 3 days (mean, 1.8 days + 0.53 SD; 
range, 0.5 to 3 days). In the only three cases in which 
results were requested in <24 hours, rapid diagnosis 
was achieved. Of the 56 cases in which metaphases were 
obtained, 48 (85.7%) revealed normal complements 
(46,XY or 46,XX) and eight (14.3%) revealed abnor- 
mal complements (three cases of trisomy 21 and one 
case each of trisomy 18, 45,X, 46,XY, — 22, + der(9), 
47,XXY, and 69,XXX, respectively). The sole direct 
failure occurred in a 5 mg chorionic villus specimen 
obtained by transabdominal chorionic villus sampling 
at 19 weeks and incubated for 15 hours; cytogenetic 
results (46,XY) were later obtained by analysis of cul- 
tured mesenchymal core cells. 

For confirmation of results obtained by direct anal- 
ysis, cultured mesenchymal core cells were used to ob- 
tain metaphases in the 57 cases. Results were available 
within 17 days (mean, 10.8 days + 3.8 SD; range, 6 to 
17 days). In addition, fetal tissue (fibroblasts) for cy- 
togenetic analysis was obtained from all pregnancy ter- 
mination cases and yielded suitable metaphases in all 
47 cases. Results obtained from direct analyses were 
corroborated in all cases. 


Comment 


Cytogenetic analysis of chorionic villi from second- 
and third-trimester placentas is known to be a reliable 
method for obtaining fetal cytogenetic information.’’ 
Direct analysis of first-trimester chorionic villi (cyto- 
trophoblastic cells) provides a more rapid method for 
obtaining cytogenetic results," *’? and offers potential 
clinical advantages in the second and third trimesters. 
Although so-called direct analysis of chorionic villi has 
been reported in second- and third-trimester chorionic 
villus specimens, much variation exists in the definition 
of “direct analysis.” Not all techniques actually produce 
results as rapidly as their name implies. Results are 
sometimes not available until at least 3 to 4 days, an 
interval that offers no advantage over that in routine 
culture of lymphocytes obtained by percutaneous um- 
bilical blood sampling. For example, Hogdall et al. 
used a “48 hour short-term incubation period” before 
cell fixation. By contrast, at our institution we restrict 
the term “direct analysis” to cytogenetic evaluation of 
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separated cytotrophoblastic cells that are incubated for 
only a short (3 to 15 hours) time period before cell 
fixation. The mean time from procedure to preliminary 
results is 1.8 days, compared with 10,8 days for analyses 
of cultured villi. In this study, chorionic villus samples 
were obtained from 49 placentas =24 weeks’ gestation 
and eight placentas >24 weeks’ gestation; direct prep- 
arations from all third-trimester cases provided ade- 
quate metaphase spreads for cytogenetic analysis. Fur- 
thermore, in those three instances in which rapid di- 
agnosis was required for diagnostic purposes, results 
were available within 24 hours. Our findings are thus 
comparable with those of Holzgreve et al.° and Basaran 
et al. who followed the technique of Simoni et al., 
who used a 1.25-hour incubation period before cell 
fixation and usually obtained cytogenetic results within 
48 hours. 

Evaluation of fetal cytogenetic complement in the 
second and third trimester is not infrequently neces- 
sary, and sometimes direct analysis of uncultured cy- 
totrophoblastic cells is the only method to provide crit- 
ical information. In the second trimester cytogenetic 
analysis is useful for those patients who are seen so late 
in gestation that amniocentesis could not provide in- 
formation with regard to fetal status in sufficient time 
to allow pregnancy termination. In the third trimester 
cytogenetic analysis is as applicable as percutaneous 
umbilical blood sampling for patients at increased risk 
for fetal chromosome abnormalities. Indications in- 
clude nonlethal malformations detected by ultrasonog- 
raphy or unexplained intrauterine growth retardation. 
Transabdominal chorionic villus sampling is the only 
plausible alternative if percutaneous umbilical blood 
sampling is not technically possible (e.g., oligohydram- 
nios). Moreover, conventional analysis of lymphocytes 
obtained from percutaneous umbilical blood sampling 
usually requires a longer time (48 to 72 hours) to obtain 
results than is required by direct analysis of cytotro- 
phoblastic cells (12 hours, if necessary).'* Of note, how- 
ever, is our previous description of a technique in which 
spontaneously dividing cells in fetal blood can be used 
to obtain cytogenetic results within 24 hours.'* ™ 

Although initial results are promising, the safety and 
accuracy of second- and third-trimester transabdom- 
inal chorionic villus sampling remain to be assessed 
fully. Initial reports indicate that transabdominal cho- 
rionic villus sampling in the first and second trimesters 
is a relatively safe procedure*’; however, the safety of 
transabdominal chorionic villus sampling in the second 
and third trimesters has yet to be addressed. Our own 
direct preparations were all confirmed by analyses of 
cultured mesenchymal core cells or cultured fetal tis- 
sue, but additional data are still necessary to fully eval- 
uate the diagnostic accuracy of cytogenetic analysis of 
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cytotrophoblastic cells obtained from second- and 
third-trimester placentas. Discrepancies between cyto- 
genetic analysis of cytotrophoblastic cells and mesen- 
chymal core cells obtained from first-trimester placen- 
tas are well documented,®* > and it would not be 
surprising if similar discrepancies existed later in preg- 
nancy. Indeed reports from several centers® '*"’ indi- 
cate that diagnostic problems (e.g., placental mosaicism) 
encountered in cytogenetic analysis of chorionic villi 
from first-trimester placentas similarly have been en- 
countered in cytogenetic analysis of second- and third- 
trimester chorionic villi. 
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Perinatal mortality in Victoria, Australia: Role of group 


B streptococcus 


John R. Fliegner, MD; and Suzanne M. Garland, MD” 


Parkville and Carlton, Australia 


Group B 8-hemolytic streptococcus is the most common infective cause of neonatal morbidity and 
mortality. It is therefore surprising that no agreement exists for an approach to its prevention. There is also 
increasing evidence that occult infection may play an etiologic role in premature rupture of the membranes 
and preterm labor. In this report we review the role of group B B-hemolytic streptococcal sepsis as a 
cause of perinatal wastage in the state of Victoria, Australia during the period 1982 to 1987. Group B 
8-hemolytic streptozoccus accounted for 1.7% of overall perinatal deaths, and for 30.3% (77 of 254) 
perinatal deaths directly attributable to infection. By comparison, over the same 6-year period, 
erythroblastosis accounted for 0.5% of perinatal wastage and there were only two deaths as a result of 
congenital syphilis. The true incidence of lethal group B B-hemolytic streptococcal infection is probably 
greater because of the absence of histologic and bacteriologic studies in many perinatal deaths. We 
believe that intrapartum chemoprophylaxis with penicillin of all group B B-hemolytic streptococcus-positive 
carrier mothers would significantly reduce neonatal morbidity and mortality from this cause. (Am J OBSTET 


GYNECOL 1990;163:1609-1 1.) 


Key words: Group B B-hemolytic streptococcus, perinatal wastage 


The group B streptococcus organism is the most com- 
mon cause of severe prenatal infection in our institu- 
tion. The clinical signs of early onset disease are non- 
specific and occur in other conditions associated with 
prematurity. The most frequent manifestation includes 
sepsis with pneumonia, bacteremia without a focus, or 
with meningitis. In some infants septic shock with neu- 
tropenia dominates the clinical picture and in these 
cases infection can be extremely fulminating and has 
an associated high mortality. The pathogenesis of in- 
fection is vertical transmission from a mother with gen- 
ital group B B-hemolytic streptococcus colonization, 
and acquisition to the infant occurs just before delivery 
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(through ruptured or intact membranes) or during 
birth canal passage. Although a few women have cho- 
rioamnionitis, most are asymptomatic before delivery 
and fail to signal any risk of infant infection unless 
preterm delivery occurs. Hematogenous spread may 
be prevented or aborted by early antibiotic treatment 
intrapartum. Infants may be infected in utero; this may 
be manifested clinically as fetal distress, late decelera- 
tions on fetal monitoring, and low Apgar scores at birth, 
or intrauterine death may occur. We report the impact 
of group B streptococcal infection on perinatal deaths 
for the State of Victoria, Australia, for the 6-year period 
from 1982 to 1987. 


Material and methods , 

One of the authors (J. F.) has been a member of the 
Consultative Council on Obstetric and Perinatal Mor- 
tality and: Morbidity since 1973. Since 1962 this com- 
mittee has reviewed all perinatal deaths in the state of 
Victoria on an annual basis. Victoria has a population 
of four million and an annual confinement rate of over 
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Table I. Perinatal mortality and role of infection as a cause in Victoria between 1982 and 1987 















Total births 


(live. births 
and still Perinatal deaths 
Year births) (SB and NNDs) 


1982 60,455 897 
1983 . 60,591 774 
1984 60,704 765 
1985 61,176 741 
19&6 61,253 680 
1987 61,474 677 
TOTAL 365,653 - 4534 


SB, Stillbirth; NND, neonatal death; GBS, group B streptococcal, 


60,000. The perinatal mortality and rate of infection 
for the study period were reviewed. Specific attention 
was paid to the role of group B B-hemolytic strepto- 
coccus sepsis as a cause of perinatal wastage. _ 

Definitions of stillbirth and neonatal death as defined 
by the Victorian Council are as follows: stillbirth—a 
stillborn infant weighing =500 gm, or, if the weight is 
not known, born after at least 22 weeks’ gestation; neo- 
natal death—a death occurring within 28 days of birth 
in an infant whose birth weight was =500 gm or, if the 
weight is not known, an infant born after at least 22 
weeks’ gestation; perinatal mortality rate—the number 
of perinatal deaths (stillbirths plus neonatal deaths) per 
1000 births (live births and stillbirths). 


Results 


The overall perinatal mortality, the role of infection, 
and perinatal deaths caused by group: B B-hemolytic 
streptococcus are summarized in Table I. For the 6- 
year period (1982 to 1987) the occurrence of infection 
as the direct cause of perinatal death’ fluctuated be- 
tween 4.4% and 7.2%. However, group B B-hemolytic 
streptococcus infections for the entire period have been 
the most common causative agent responsible. In 1984 
there were 20 losses attributed to group B B-hemolytic 
streptococcus infection; this accounted for 2.5% of all 
perinatal deaths and 36.4% of all infection cases. By 
comparison, during this 6-year period there were 24 
perinatal deaths as a direct result of Escherichia coli in: 
fection, and only two from syphilitic infection. During 
the same period erythroblastosis accounted for ee 
(0.5%) of total perinatal deaths.. 

In our institution (Royal Women’s Hospital, Carlton) 
during the 8-year period from 1981 to 1988 a total of 
30,197 live births were analyzed in which prenatal 
group B f-hemolytic streptococcus screening at 32 
weeks was performed. There were no cases of neonatal 
group B B-hemolytic streptococcus sepsis among in- 
fants of asymptomatic carrier women who received in- 
trapartum penicillin prophylaxis. By contrast, there 















Perinatal deaths 


Perinatal deaths 
caused by caused by GBS 
infections infection 





39 (4.4%) 10 
37 (4.8%) 7 
55 (7.2%) 20 
37 (5.0%) 10 
48 (7.1%) 17 
38 (5.6%) 13 
254 (5.6%) - 77 (1.7%) 


were 27 infections with nine deaths in a control group 
of 26,915 infants when maternal group B B-hemolytic 
streptococcus screening had not occurred. 


Comment | 

We analyzed the importance of group B B-hemolytic 
streptococcus disease as a cause of perinatal wastage in 
Victoria, Australia, during the 5 years from 1982 to 
1987. During this period group B B-hemolytic strep- 
tococcus infection was responsible for 77 of 254 peri- 
natal deaths (30.3%) attributable to infection, and ac- 
counted for 1.7% of overall perinatal deaths. 


There is increasing evidence that asymptomatic 
group B B-hemolytic streptococcus carriage may be fol- 


lowed by occult choridamnionitis, premature rupture 


of membranes, and perinatal infection.! However, al- 
though the impact of early-onset group B B-hemolytic 
streptococcus sepsis on neonatal mortality and morbid- 
ity is well recognized, its role as a cause of unexplained 
stillbirth in late pregnancy is not. The pathologist may 
overlook the condition in the absence of inflammatory 
changes, or perinatal risk factors such as pyrexia, pre- 
mature rupture of membranes, or premature labor. 
The diagnosis of fulminating group B B-hemolytic 
streptococcus sepsis is further complicated by the oc- 
currence of maceration, delays in autopsy, and second- 
ary bacterial contamination. It has been established that 
a major risk factor associated with the development of 
perinatal group B B-hemolytic streptococcus sepsis is 
the intensity of colonization of the lower genital tract 
at the onset of labor.2 When maternal group B B- 

hemolytic streptococcus ‘carriage rates are low, it is 
claimed that mass screening in pregnancy is unlikely to 
be cost effective.” Thus in the United Kingdom, with 
an overall rate of group B B-hemolytic streptococcus 
infections of 0.3 per 1000 live births, this would involve 
screening over 3000 women to detect one case of group 
B B-hemolytic streptococcus sepsis. The situation is dif- 
ferent in the United States and Australia. In a recent 
U.S. report, the incidence of severe neonatal sepsis 
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caused by group B B-hemolytic streptococcus infection 
was 4.62 cases per 1000 births, with a neonatal mortality 
of 0.8 per 1000 live births.’ 

In conclusion, we think that potentially avoidable 
perinatal deaths (in addition to serious neonatal sepsis) 
will continue unless the question of maternal group B 
B-hemolytic streptococcus colonization is addressed. At 
the Royal Women’s Hospital, Melbourne, Australia, we 
have established that intrapartum penicillin prophy- 
laxis in women with positive group B B-hemolytic strep- 
tococcus cultures at 32 weeks’ gestation can prevent 
early-onset group B B-hemolytic streptococcus sepsis. 
Such a procedure is simple, cost effective, and may have 
important medicolegal implications in the future. 


We thank the Consultative Council on Obstetric and 
Paediatric Mortality and Morbidity in Victoria for per- 
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mission to use data from the annual reports covering 
the years 1982 to 1987. 
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Longitudinal study of the renin-angiotensin-aldosterone system 
in hypertensive pregnant women: Deviations related to the 
development of superimposed preeclampsia 


Phyllis August, MD, Tomas Lenz, MD, Kathy L. Ales, MD, Maurice L. Druzin, MD, 
Terri G. Edersheim, MD, J. Milton Hutson, MD, Franco B. Müller, MD, 


John H. Laragh, MD, and Jean E. Sealey, DSc 
New York, New York 


A prospective longitudinal study of 25 pregnant women (30 pregnancies) with chronic hypertension, a 
group prone to development of preeclampsia, was conducted to explore the relationship between the 
renin-angiotensin-aldosterone system and the development of superimposed preeclampsia. In women with 
chronic hypertension in whom preeclampsia did not develop (17 pregnancies), blood pressure decreased 
and the renin-angiotensin-aldosteroane system was stimulated, beginning in the first trimester and 
continuing throughout pregnancy as found previously in normotensive pregnant women (n = 58). Plasma 
estradiol and progesterone levels also increased progressively. In women with chronic hypertension 

in whom preeclampsia developed (13 pregnancies), blood pressure decreased and the 
renin-angiotensin-aldosterone system was stimulated in the first trimester as in the other groups. However, 
later in pregnancy significant differences were observed. Blood pressure began to rise in the second 
trimester. Initially the renin-angiotensin-aldosterone system remained stimulated, but in the early third 
trimester, when preeclampsia was diagnosed, plasma renin activity and urine aldosterone excretion 
decreased, and atrial natriuretic factor increased. These data provide information that may be useful in the 
recognition of superimposed preeclampsia, and in the investigation of its pathogenesis. (Am J OBSTET 


GYNECOL 1990;163:1612-21.) 


Key words: Chronic hypertension, preeclampsia, renin-angiotensin-aldosterone system 


Preeclampsia is a common and serious disorder that 
occurs most often in primigravid women and women 
with chronic hypertension. Women in whom pre- 
eclampsia develops in the latter half of pregnancy are 
not easily identified early in pregnancy, and therefore 
there is little information on hormonal or hemody- 
namic alterations before clinical disease is apparent. 
To overcome this limitation, we studied the renin- 
angiotensin-aldosterone system, plasma estradiol, and 
progesterone levels and renal function in each trimes- 
ter of pregnancy in women with chronic hypertension. 
Such women have an increased incidence of superim- 
posed preeclampsia (as high as 30%)'; therefore lon- 
gitudinal studies of these women are more likely to yeild 
data on early pregnancy events that precede the clinical 
manifestations of preeclampsia. We report the results 
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of a longitudinal investigation of the renin system, rena! 
function, and pregnancy hormones in 30 pregnancies 
complicated by chronic hypertension and compare 
them with 58 normotensive pregnant women studied 
previously by us.” * Our goal was to correlate these pa- 
rameters with clinical events, and to identify alterations 
that might clarify our understanding of pregnancy hy- 
pertension. 


Methods 

Study population. Twenty-five women with chronic 
hypertension were followed up longitudinally during 
30 pregnancies in the outpatient offices of the De- 
partment of Obstetrics and Gynecology and the Car- 
diovascular Center of The New York Hospital—Cornell 
Medical Center. The women were seen every 2 to 4 
weeks throughout pregnancy. At each visit, blood pres- 
sure measurements were obtained on three occasions 
with a mercury sphygmomanometer with the patient 
in the seated position. The fifth Korotkoff signal was 
recorded for diastolic blood pressure. Antihypertensive 
medications were adjusted to maintain blood pressure 
=150/100 mm Hg. 

Chronic hypertension was defined as a blood pres- 
sure level before pregnancy or in the first trimester of 
>140/90 mm Hg on at least two occasions. Superim- 
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posed preeclampsia in women with preexisting chronic 
hypertension was defined as a rise in blood pressure of 
30/15 mm Hg in association with either significant pro- 
teinuria (=2+ or =300 mg/24 hours) or thrombocy- 
topenia and abnormal liver function tests. Patients 
were hospitalized when superimposed preeclampsia 
was either suspected or diagnosed. 

The control group consisted of 58 normotensive 
pregnant women who were seen at least once during 
the first and second trimester, and two to three times 
(at 30, 35, and 40 weeks) during the third trimester. 
The selection and clinical follow-up of 44 of these nor- 
motensive women and the laboratory data of 14 of the 
58 women have been previously described.* ° The clin- 


ical and laboratory data of the remaining women have. 


not been previously reported. 

Infant birth weight was recorded in the delivery 
room. Infants were classified as small for gestational 
age if their birth weights were <10th percentile for a 
given gestational age.” 

Laboratory studies. Venous blood and 24-hour urine 
collections were obtained in the first trimester, second 
trimester, and in the early, middle, and late third 
trimester when possible. Blood was drawn with patients 
in the seated position after they had been ambulatory. 

Blood for plasma renin activity was drawn into tri- 
potassium ethylenediamine tetraacetic acid Vacutainer 
blood collection tubes (Becton-Dickinson, Rutherford, 
N.J.) and processed at room temperature to avoid 
cryoactivation of prorenin.®*’ Samples were stored at 
—40° C and thawed only once before assay for plasma 
renin activity. Plasma renin activity was measured by 
radioimmunoassay of the angiotensin I generated dur- 
ing incubation for 3 or 18 hours at 37° C and pH 5.7 
in the presence of converting enzyme and angiotensi- 
nase inhibitors, using endogenous angiotensinogen as 
the source of renin substrate. Results are expressed as 
nanograms of angiotensin I per milliliter per hour. 
Plasma total renin was measured as described for 
plasma renin activity after conversion of prorenin to 
renin with solid-phase trypsin.* Plasma prorenin was 
calculated by subtracting plasma renin activity from 
total renin. Plasma prorenin Vma was also calculated 
from the prorenin and angiotensinogen levels by use 
of the Michaelis— Menten equation as previously de- 
scribed.’ Plasma angiotensinogen was measured as the 
amount of angiotensin I formed after incubation with 
excess human renin (6.6 x 10-7? Goldblatt units/ml).® 
The coefficient of variation of plasma renin activity and 
angiotensinogen is 7.6% and that of prorenin is 9.4%. 

Blood for atrial natriuretic factor was drawn into 
chilled tripotassium ethvlenediamine tetraacetic acid 
Vacutainer blood collection tubes and kept on ice. Sam- 
ples were extracted on C18 Sep-Pak cartridges (Waters, 
Milford, Mass.) and radioimmunoassay was performed 
as previously described."® 
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Urine aldosterone was measured with a Coat-a-Count 
aldosterone kit (Diagnostic Products, Los Angeles). The 
assay was validated for use in pregnancy by showing 
that separation of aldosterone from other steroids by 
chromatography" did not reduce the reported values. 
In addition, we found that exogenous estradiol, pro- 
gesterone, and human chorionic gonadotropin did not 
offset the radioimmunoassay. Plasma estradiol and pro- 
gesterone concentrations were measured with com- 
mercially available radioimmunoassay kits (Serono Lab- 
oratories, Braintree, Mass.). 

Plasma renin and urinary aldosterone were assayed 
as the samples were collected because these results were 
often used for clinical purposes. Plasma renin activity 
was always assayed within 2 days of collection. For the 
other hormones the samples for a particular patient 
were usually run in the same set. 

Serum creatinine was assayed by multichannel au- 
tomated techniques. Urinary creatinine levels were de- 
termined by an Autoanalyzer (Technicon, Tarrytown, 
N.Y.), and urinary sodium levels were determined by 
flame photometry. Urinary protein was measured by 
nephelometry after precipitation with trichloroacetic 
acid. ”? 

Statistical analysis. One-way analysis of variance was 
used for statistical analysis of data. Blood pressure, hor- 
mones, renal parameters were compared between 
groups at each time period. In each group, comparisons 
(analysis of variance) were made between different 
weeks of gestation. Adjustments for multiple compar- 
ison were made with the method of Bonferroni. Tests 
of normality of data were performed by determining 
the ratio of skewness to its standard error, and the ratio 
of kurtosis to its standard error. For nonparametrically 
distributed data the Kruskal-Wallis one-way analysis of 
variance was used.” 


Results 


The clinical features of the 88 pregnancies are sum- 
marized in Table I. 

Maternal clinical characteristics. Thirteen of the 30 
hypertensive pregnancies (43%) were complicated by 
superimposed preeclampsia. In one woman this com- 
plication developed at 23 weeks, and in others in the 
third trimester. As expected, the women with super- 
imposed preeclampsia had earlier deliveries (Table I). 

Of the 13 pregnancies with superimposed pre- 
eclampsia, nine women had essential hypertension, two 
women had systemic lupus erythematosus (three preg- 
nancies), and one woman had renovascular hyperten- 
sion. One woman with systemic lupus erythematosus 
received prednisone during her entire two pregnancies 
to control thrombocytopenia. Two women were treated 
with low-dose aspirin because of high titers of anticar- 
diolipin antibodies. Antihypertensive medications are 
discussed. 
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Table I. Description of study subjects 






Maternal age (yr) Sel 

No. of primigravid 11/58 
women | 

Gestational age at de- 38 + 0.4 
livery (wk) 

Birth weight (gm) 3430 + 4 

Small for gestational 1/58 
age 

Perinatal mortality (%) 2 


Data are presented as mean + SEM. 
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Chronic hypertension 
with superimposed 
preeclampsia 
(n = 13) 


Chronic hypertension 
(n = 17) 








32 + ] 39 + Í 
6/17 5/13 
38 + 0.6 32 t 1.2+ 
2616 + 5t 1721 + 8f 
1/17 2/13 
0 15 


*p < 0.005, compared with normal subjects and pregnancies complicated by chronic hypertension. 
tp < 0.001, compared with normal subjects and pregnancies complicated by chronic hypertension. 


tp < 0.005, compared with normal subjects. 


Seventeen pregnancies in women with chronic hy- 
pertension were not complicated by preeclampsia. In 
15 of these 17 women the diagnosis was essential hy- 
pertension. One women had renovascular hyperten- 
sion, and one had renal hypertension (unilateral renal 
scar). 

Infant outcome. The women with superimposed pre- 
eclampsia were delivered earlier, and their infants, as 
expected were smaller compared with infants of nor- 
motensive mothers and women with uncomplicated 
chronic hypertension (p <0.001) (Table I). The infants 
born to mothers with uncomplicated chronic hyperten- 
sion were also smaller compared with normal women 
(p < 0.005) (Table 1), even though the average gesta- 
tional age was the same. There were two small-for- 
gestational-age infants born to mothers with superim- 
posed preeclampsia (15%). There was one intrauterine 
death (6%) and one perinatal death (6%) in the group 
with superimposed preeclampsia. Therefore the inci- 
dence of serious fetal morbidity and mortality in this 
group was almost 30%. There was one perinatal death 
caused by acord accident and one small-for-gestational- 
age infant in the normotensive women. There were no 
perinatal deaths and only one small-for-gestational-age 
infant in the pregnancies of women with uncomplicated 
chronic hypertension. 

Blood pressure. ‘The sequential changes in systolic 
and diastolic blood pressure in women with chronic 
hypertension and normotensive women are illustrated 
in Fig. 1. It is evident that the blood pressure during 
pregnancy was higher (p < 0.001) in cases of chronic 
hypertension. It is also evident that the blood pressure 
decreased significantly (p< 0.01) during the first 
trimester in all hypertensive women, even in those with 
superimposed preeclampsia. However, in cases of un- 
complicated chronic hypertension and normotension, 
blood pressure continued to decrease in the second 


trimester, reached a nadir at 28 weeks, and then rose 
to early pregnancy or prepregnancy levels. In contrast, 
blood pressure did not decrease after 10 weeks in the 
women in whom preeclampsia developed but remained 
constant or increased until the third trimester when 
preeclampsia was diagnosed (Fig. 1). 

Renal function. Creatinine clearances (mean + 
SEM) in early pregnancy were similar in normotensive 
women (126 + 7 ml/min), women with uncomplicated 
chronic hypertension (108 + 9 ml/min), and women 
with chronic hypertension in whom superimposed pre- 
eclampsia developed (129 + 10 ml/min). Two women 
with chronic hypertension had proteinuria (>300 mg 
but <I gm/24 hours) before and during pregnancy. 
The other patients had protein excretion <300 mg/24 
hours. 

Creatinine clearance decreased slightly only in the 
women in whem preeclampsia developed (129 + 22 
ml/min in the first trimester to 97 + 13 ml/min in the 
third trimester, p = NS). Significant proteinuria (>300 
mg/24 hours) developed in 10 of 13 women with su- 
perimposed preeclampsia in the third trimester. In the 
remaining three women, superimposed preeclampsia 
was diagnosed on the basis of a rise in blood pressure, 
hyperuricemia, abnormal liver function tests, and 
thrombocytopenia. 

Renin-angiotensin-aldosterone system 

Plasma renin activity. Sequential determination of 
plasma renin activity revealed several differences 
among normotensive women, women with uncomplh- 
cated chronic hypertension, and women with chronic 
hypertension with superimposed preeclampsia. Plasma 
renin activity peaked earlier in women with chronic 
hypertension in whom superimposed preeclampsia de- 
veloped as a group and clearly later (at 32 weeks) in 
normotensive women and women with chronic hyper- 
tension (Fig. 2, A). Moreover, plasma renin activity de- 
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Fig. 1. Serial changes in systolic and diastolic blood pressure throughout pregnancy in normotensive 





women (n = 14,0 


D), women with uncomplicated chronic hypertension (n = 17, @ 





®), and 


women with chronic hypertension with superimposed preeclampsia (n = 13, A--- A) (mean + SE). 


creased significantly from 20 to 32 weeks in women 
with chronic hypertension and superimposed pre- 
eclampsia (p < 0.01) and increased significantly in nor- 
motensive pregnancies (p< 0.01). This differential 
profile resulted in a significantly lower plasma renin 
activity in women with preeclampsia compared with 
normotensive women at 32 weeks and not at 20 weeks. 
In women with uncomplicated chronic hypertension 
plasma renin activity remained almost constant from 
20 weeks until term (Fig. 2, A). Late third-trimester 
plasma renin activity correlated with infant birth weight 
in the 88 pregnancies reported here (r= 0.39, 
p < 0.01), in accord with earlier observations made by 
our group.” 

Plasma renin activity was similar in all three groups 
with respect to an increase in early pregnancy and a 
decrease in the postpartum period. 

The data were reanalyzed to include only patients 
with essential hypertension and exclude those with 
renovascular hypertension, renal hypertension, or 
systemic lupus erythematosus, because the renin- 
angiotensin system might behave differently in these 
conditions. In these 24 pregnancies (15 with uncom- 
plicated essential hypertension, nine with superim- 
posed preeclampsia), the patterns of plasma renin ac- 
tivity were identical to those described above for the 
larger group. Plasma renin activity rose early in preg- 
nancy and remained elevated until term in the women 
with uncomplicated essential hypertension. In contrast, 
in the women in whom superimposed preeclampsia de- 


veloped, plasma renin activity rose early in pregnancy 
and then decreased after 20 weeks. Plasma renin 
activity in these women was significantly lower in 
the third trimester compared. with the normotensive 


“women and those with uncomplicated essential hyper- 


tension. 

Urine aldosterone. In a fashion similar to plasma 
renin activity, urine aldosterone excretion differed in 
women with chronic hypertension with superimposed 
preeclampsia compared with those with chronic hy- 
pertension or normotensive women. As illustrated in 
Fig. 2, B, urine aldosterone excretion peaked earlier in 
women with preeclampsia. Furthermore, at 32 weeks, 
urine aldosterone was significantly lower in women with 
preeclampsia compared with normotensive women and 
women with uncomplicated chronic hypertension (Fig. 
2, B). These patterns were maintained when only 
women with essential hypertension were analyzed 
(n = 24 pregnancies). 

Plasma renin activity correlated with urine aldoste- 
rone in normotensive women (r = 0.52, p < 0.001). In 
hypertensive women the correlation between plasma 
renin activity and urine aldosterone was not strong 
(r = 0.23, p = 0.05 in uncomplicated chronic hyper- 
tension, and r = 0.48, p = 0.05 in women with pre- 
eclampsia). 

Sodium excretion over 24 hours was similar in all 
three groups during pregnancy, except in the first 
trimester in the women with chronic hypertension with 
superimposed preeclampsia, in whom it was higher. 
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Fig. 2. Serial changes in plasma renin activity (PRA) (A) and urine aldosterone excretion (B) before, 
during, and after pregnancy in normotensive women (0 O), women with uncomplicated chronic 
hypertension (@ è), and women with chronic hypertension with superimposed preeclampsia 
(A --- A) (mean + SE). Numbers in parentheses refer to the number of patients analyzed at each time 
point. Data were obtained within 2 weeks of each time point indicated on the X axis. A, First- 
trimester plasma renin activity rose significantly (p < 0.005) in women with uncomplicated chronic 
hypertension. Post partum, plasma renin activity was significantly lower than first- and second- 
trimester plasma renin activity in all groups. In women with superimposed preeclampsia, plasma 
renin activity at 32 and 38 weeks was significantly lower (asterisk, p < 0.05, double asterisks, p < 0.01) 
compared with the 20-week value. Plasma renin activity at 32 weeks was significantly lower (p < 0.05) 
than plasma renin activity at similar gestational age in normotensive women. B, Urine aldosterone 
was significantly lower post partum than during pregnancy in all groups. In women with super- 
imposed preeclampsia urine aldosterone was lower (p < 0.05) at 32 weeks compared with urine 
aldosterone in normotensive women and women with uncomplicated chronic hypertension at similar 


gestational age. 








The renin-aldosterone profile clearly distinguished, 
not only as a group but also in individual instances, the 
women with chronic hypertension with preeclampsia 
from those with chronic hypertension without super- 
imposed preeclampsia. Figs. 3 and 4 show data from 
individual women that demonstrates the different fea- 
tures of the renin-aldosterone profile in women with 


chronic hypertension with superimposed preeclampsia 
compared with those with uncomplicated chronic hy- 
pertension. 

Effect of antihypertensive therapy on plasma renin 
activity. A potential cause for lower plasma renin ac- 
tivity in women with chronic hypertension and super- 
imposed preeclampsia could be treatment with. drugs 
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Fig. 3. Serial changes throughout pregnancy in plasma renin activity (PRA) (solid line), urine aldo- 
sterone (open bars), urine protein (solid bars), and systolic and diastolic blood pressure in three women 
with chronic hypertension in whom superimposed preeclampsia developed. Patient 1 had a growth- 
retarded infant and patient 2 had an intrauterine death. Patient 3 was treated with labetalol during 
the third trimester. 
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Fig. 4. Serial changes throughout pregnancy in plasma renin activity (PRA) (solid line), urine aldo- 
sterone (open bars), urine protein (solid bars), and systolic and diastolic blood pressure in two women 
with uncomplicated chronic hypertension. Patient 4 received aspirin 80 mg/day, beginning at 12 
weeks and continuing until term. Patient 5 was treated with atenolol during the entire pregnancy. 
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Fig. 5. Serial changes in prorenin ‘Vna and angiotensinogen 
during pregnancy in normotensive women (O O,n = 58), 
women with uncomplicated chronic hypertension (¢——-®, 
n = 17), and women with chronic hypertension with super- 
imposed preeclampsia (A --- A, n = 13). 





that. affect plasma renin activity, for example, §- 
blockers. Of the 17 women with uncomplicated chronic 
hypertension, eight received antihypertensive medi- 
cation, and five of eight were treated with B-blockers 
before the 20-week blood specimens were collected. 
Although medication may have resulted in lower 


plasma renin activity at 20 weeks in these women, by | 


35 weeks plasma renin activity had risen in all eight 
cases despite treatment. 

- Of the 13 women with chronic hypertension and su- 
perimposed preeclampsia, seven received antihyper- 
tensive medication. In five of these pregnancies med- 
ications were begun before the second-trimester blood 
sampling. Because the significant decrease in plasma 
renin activity occurred between the second and third 
trimester, it is unlikely that antihypertensive medication 
was responsible for the decrease in third-trimester 
plasma renin activity. However, it is possible that ther- 
apy may have altered the third-trimester plasma renin 
activity in the thrée women in whom treatment (one 
with labetalol, two with methyldopa) was begun in the 
second trimester. In this context, it is noteworthy that 
plasma renin activity rose despite therapy with labetalol 
and methyldopa in women with uncomplicated chronic 
hypertension. 

Plasma prorenin, angiotensinogen. Plasma prorenin 
and angiotensinogen (renin substrate) levels were sim- 
ilar in all three groups at all times during pregnancy 
(Fig. 5). The prorenin level was highest early in 
pregnancy, and decreased slightly toward term in all 
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three groups as previously reported in normotensive 
women.’ Angiotensinogen levels. increased to a simi- 
lar degree in all three eeu: during pregnancy 
(Fig. 5). | 

Estradiol and progesterone. In normotensive 
women and in women with uncomplicated chronic hy- 
pertension, plasma estradiol and progesterone levels 
increased steadily until term (Fig. 6). Serial measure- 
ments of estradiol and progesterone were made in six 
of 13 women in whom superimposed preeclampsia de- 
veloped (Fig. 6, B and D). The progesterone level rose 
in four of these women as in the other groups. In two 
women there was no increase after the second trimester 
(Fig. 6, B). 

Estradiol levels rose throughout pregnancy in two of 
six women with preeclampsia. In the other four cases 
the levels were abnormally low in both second and third 
trimesters (Fig. 6, D). 

Atrial natriuretic factor. We measured atrial natri- 
uretic factor longitudinally in 14 women with chronic 
hypertension, four of whom had superimposed pre- 
eclampsia. Atrial natriuretic factor levels in six of 
these women have been reported previously.” Atrial 
natriuretic factor levels in the women with uncompli- 
cated chronic hypertension (n = 10) remained constant 
throughout pregnancy and were similar to atrial 
natriuretic factor levels previously reported for nor- 
motensive pregnant women and nonpregnant con- 
trols. In three of the four women with preeclampsia, 
atrial natriuretic factor rose markedly in the third 
trimester in association with a decrease in plasma 
renin activity. The third-trimester atrial natriuretic 
factor (mean + SE) level in the women with preeclamp- 
sia was higher compared with the cases of uncompli- 
cated chronic hypertension ar.d normotensive women 
(67.7 + 9 vs 16.7 + 3.2 and 15.6 + 1.8 fmol/ml, p < 
0.02). 


Comment 


The characterization of the renin-angiotensin- 
aldosterone system in hypertensive pregnancy has been 
difficult because of the lack of longitudinal data in the 
same patients. Earlier cross-sectional studies, although 
informative, are difficult to interpret because of the 
wide range of normal values for plasma renin activity 
in pregnancy. Even in studies in which plasma renin 
activity was measured serially during normal and hy- 
pertensive pregnancy,'*'® components of the renin- 
angiotensin-aldosterone system have not been corre- 
lated with the development of preeclampsia, or with 
infant outcome. 

To our knowledge, this is the first report of sequential 
data on the renin-angiotensin-aldosterone system, 
atrial natriuretic factor, pregnancy hormones, and re- 
nal function in a group of high-risk pregnancies com- 
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Fig. 6. Serial changes in plasma progesterone (A and B) and estradiol (C and D) in individual women 
with uncomplicated chronic hypertension (A and C) and those with chronic hypertension with 
superimposed preeclampsia (B and D). Data were obtained within 2 weeks of each time point 
indicated on the X axis. The shaded area represents the values (mean + SD) obtained in normotensive 


women (n = 44). 


plicated by chronic hypertension, many of which (43%) 
were further complicated by the development of pre- 
eclampsia. Hormonal data in 14 of the 58 normotensive 
controls has been previously published. A major find- 
ing of this investigation is that plasma renin activity and 
urine aldosterone lévels decreased from previously 
normal (for pregnancy) levels in women with chronic 
hypertension as preeclampsia developed. These de- 
creases were associated with a failure of estradiol to rise 
normally in the third trimester and perhaps an increase 
in circulating atrial natriuretic factor. Our study also 
demonstrates that in uncomplicated chronic hyperten- 
sive pregnancies, plasma renin activity and urine al- 
dosterone excretion remained elevated throughout 
gestation, and estradiol and progesterone levels in- 
creased steadily until term in a fashion analogous to 
normotensive’ pregnancies. 


Our finding of increased atrial natriuretic factor and 
suppressed plasma renin activity in women with pre- 
eclampsia suggests that the effective plasma volume 
may be expanded in this disorder. However, this notion 
disagrees with the observation that plasma volume 
(measured by Evans blue dye dilution), is lower in pre- 
eclampsia compared with normal pregnancy.'* A pos- 
sible explanation for this apparent inconsistency is that 
the measured decrease in plasma volume in preeclamp- 
sia does not truly reflect hypovolemia or underfilling, 
but rather the increased vasoconstriction has contracted 
the space to be filled. Alternatively, plasma atrial na- 
triuretic factor may be increased in preeclampsia by 
mechanisms other than volume expansion, but still may 
inhibit renin directly.” Others have questioned the 
prevalent view that preeclampsia is characterized by 
decreased plasma volume and vasoconstriction.” It ap- 
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pears from our data that further studies may be war- 
ranted to resolve these issues. 

It is most likely that the changes in plasma renin 
activity documented in this study are reflective of ma- 
ternal renal renin secretion rather than placental renin 
because plasma renin activity in pregnant women re- 
sponds appropriately to changes in sodium homeosta- 
sis. It has also been shown that increased vasodila- 
tation during pregnancy’ results in stimulation of 
plasma renin activity.” Because progesterone is natri- 
uretic,”**° and there is evidence that estradiol mediates 
vasodilation,” it is possible that plasma levels of these 
hormones influence the renin-angiotensin-aldosterone 
system. Indeed, in this study, the stimulation of the 
renin-angiotensin-aldosterone system paralleled the 
rise in sex steroids, particularly in the normotensive 
women and women with uncomplicated chronic hy- 
pertension. Additional factors not measured in this in- 
vestigation, such as vasodilatory prostaglandins, may 
also contribute to alterations in plasma renin activity in 
pregnancy. | 

The incidence of superimposed preeclampsia in our 
patients was unusually high compared with the previ- 
ously reported incidence. Six of the women (20%) in 
our study had secondary hypertension, which may have 
been partially responsible for the high incidence. In 
addition, many of our patients were referred to our 
tertiary center because of previous pregnancies com- 
plicated by severe preeclampsia and fetal death. Nev- 
ertheless, this bias in our population has enabled us to 
investigate a small number of patients with a high per- 
centage: of cases of superimposed preeclampsia. Al- 
though it may be argued that there is a high degree of 
error in making a diagnosis of superimposed pre- 
eclampsia, we strictly applied the American College of 
Obstetricians and Gynecologists criteria* in classifying 
our patients with superimposed preeclampsia. 

It may also be argued that the pathophysiologic fea- 
tures of preeclampsia, which is a disease of first preg- 
nancy, may not be similar to “superimposed preeclamp- 
sia,” which occurs in women who may be multiparous 
and who already have chronic hypertension. Therefore 
our findings may not be applicable to the classic pri- 
migravid woman with preeclampsia. However, it is well 
documented that most of the maternal and perinatal 
morbidity and mortality attributable to hypertensive 
pregnancy occurs in women with preexisting chronic 
hypertension in whom superimposed preeclampsia de- 
velops,”* an observation that is supported by the data 
from our study and underscores the need to study such 
women. 

In conclusion, we have demonstrated:a decrease in 
plasma renin and urine aldosterone excretion in as- 
sociation with the development of superimposed pre- 
eclampsia and poor infant outcome. Although the 
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basis for these alterations are not completely under- 
stood, our data suggest that (1) the renin-angiotensin- 
aldosterone system in both normotensive and hyper- 
tensive pregnancy responds to physiologic signals (e.g., 
changes in blood pressure, volume status) as in non- 
pregnant individuals and (2) alterations in placental 
hormones (e.g., estradiol, progesterone) and atrial 
natriuretic factor may be in part responsible for the 
alterations in the renin system in pregnancy, The 
possibility that inadequate suppression of the renin- 
angiotensin-aldosterone system may contribute to the 
elevation in blood pressure in preeclampsia has not 
been completely excluded in our study. Further studies 
of blocking of the renin-angiotensin-aldosterone sys- 
tem in hypertensive pregnancy are necessary to resolve 
this issue. 


We thank Dr. M. Suthanthiran for his review of the 
manuscript. i 
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A comparison of sperm antibody assays 


Josef Daru, MD,* and Subbi Mathur, PhD** 


Charleston, South Carolina 


Cytotoxicity and Immunobead-binding immunoglobulin G assays agreed in 81% of sera from infertile men 

(n = 173), 74% of sera from their wives, 75% of seminal plasma, and 82% of cervical mucous samples 

(p < 0.001; x? analysis of positive and negative results) when tested against sperm from the same donors. 
Cytotoxic and immunofluorescent IgG antibody results agreed in 79% of sera from men and women, 76% 


of seminal plasma, and 76% of cervical mucus (p < 0.001; x? analysis of positive and negative results). 
Titers or percent binding of sperm by cytotoxicity, hemagglutination, and IgG Immunobead-binding or 
Immunofluorescence assays in serum and secretions of husbands and wives correlated (p < 0.001). A 
significantly increased number of positive results was observed in cytotoxic and Immunobead-binding IgG 
assays when the husbands’ and donors’ sperm were used rather than donors’ sperm alone. On the basis 
of this study we conclude: (1) that cytotoxicity, Immunobead-binding IgG, and immunofluorescent IgG 
sperm antibody assays correlate when sperm from the same source are used, (2) that women’s 
isoimmunity to husbands’ sperm is associated with their husbands’ autoimmunity to sperm irrespective of 
the assay, and (8) that it is desirable to use sperm from the husbands and nonautoimmune fertile men in 


these assays. (Am J OsstTet GYNECOL 1990;163:1622-9.) 


Key words: Sperm antibodies, sperm antigens, sperm cytotoxicity, sperm immobilization 


Differences in basic principles of assays are the major 
limitations for blind studies that attempt to correlate 
results obtained by various sperm antibody assays and 
laboratories performing the same assay.” For example, 
sperm agglutination assays identifying IgG2, IgG4, IgA 
or IgM may not wholly agree with sperm-immobilizing 
or cytotoxic antibody assays detecting IgGl, IgG3, 
and IgM in the presence of complement. It is inap- 
propriate to compare assays that use whole semen with 
those using live swim-up spermatozoa free of seminal 
plasma.' The positive titers vary from laboratory to lab- 
oratory. Sperm from the same donors should be used 
when data from different sperm antibody assays are 
compared because results may vary as a result of the 
antigenic heterogeneity of sperm.* * Wives of auto- 
immune infertile men develop antibodies specifically 
against husbands’ sperm antigens.'*° This is attributed 
to special antigens present on the sperm of autoim- 
mune infertile men.” It would seem appropriate to test 
the serum and secretions from both partners against 
sperm from husbands and fertile donors. 
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The goals of this study were as follows: (1) to compare 
cytotoxicity, hemagglutination, Immunobead-binding, 
and immunofluorescence assays using sperm from the 
same donor for each run, (2) verify the incidence of 
sperm antibodies in both partners of infertile couples, 
and (3) to ascertain the need to use husbands’ sperm 
in the assays. 


Material and methods 


Two hundred one infertile couples, aged 28 to 42 
years and with poor postcoital test sperm motility, par- 
ticipated after giving informed consent. We performed 
double fluorochromasia cytotoxicity, Immunobead- 
binding, immunofluorescence, and passive hemagglu- 
tination assays in a blinded fashion. Husbands’ sperm 
and donors’ sperm were used as target cells in the cy- 
totoxicity and hemagglutination assays of all couples 
and in the Immunobead-binding and immunofluores- 
cence assays of 28 couples. Sperm from the same fertile 
control donors were used in each run of all assays for 
all study subjects. 

In the cytotoxic sperm antibody assay, viable swim- 
up sperm labeled with diacetylfluorescein (Eastman Or- 
ganic Chemicals, Rochester, N.Y.) were exposed to cy- 
totoxic sperm antibodies in serum or secretions in the 
presence of complement. Counterlabeling with ethid- 
ium bromide identified the dead sperm. The end point 
was the dilution at which 50% of the sperm stained red. 
Complement, cell, negative and positive controls were 
regularly used for quality control. The background 
staining of killed sperm in the cell controls in the pres- 
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ence of complement alone was maintained at =15%. 
The previously established positive antibody titers 
were 232 in sera and seminal plasma and =80 in cer- 
vical mucus. The assay yielded 0% and 6% false- 
positive results in fertile men and women, respec- 
tively, in a World Health Organization collaborative 
study.’ 

The direct and indirect Immunobead-binding as- 
says’ '* were modified as follows. Sperm from fertile, 
type O, Rh-positive, sperm antibody—free donors were 
used to avoid interference by blood group antibodies; 
microtiter plates were used instead of test tubes (re- 
sults were similar in both systems); a serum and seminal 
plasma dilution of 1:32 and a cervical mucus dilution 
of 1:40 were used instead of 1:8 used in many labo- 
ratories because dilutions <8 may give nonspecific and 
prozone reactions; Immunobead reagents were kept 
sterile. 

A sperm pellet washed free of seminal plasma 
and suspended in sperm medium (Irvine Scientific, 
Santa Ana, Calif.) was used for the direct assay. Then 
50 pl of this sperm suspension (10°/ml) was mixed with 
50 ul of 5 mg/ml Immunobeads coupled with antibod- 
ies to human IgG, IgA, or IgM (Bio-Rad Laboratories, 
Richmond, Calif.) and incubated for 5 to 10 minutes 
to detect sperm IgG, IgA, and IgM. 

In the indirect Immunobead-binding assay, 50 pl of 
viable motile swim-up sperm (10°/ml) from the semen 
of fertile donors or husbands of infertile couples was 
mixed with 50 wl of a 1: 16 dilution of serum or seminal 
plasma or 1:20 dilution of cervical mucus (final dilu- 
tions of 1:32 and 1:40, respectively) in microtiter plates 
that were then covered and incubated for 60 minutes 
at 37° C. After centrifuging at 400 g for 15 minutes, 
the supernatant was aspirated, and the sperm button 
was resuspended in 100 ul of medium. Fifty microliters 
of the suspension containing 5 mg/ml Immunobeads 
coupled with antibodies to human IgG, IgA, or IgM 
was added. After a 5- to 10-minute incubation, the re- 
action was observed by phase-contrast: microscopy at 
x 400. Negative and positive controls were maintained 
for each run. A sperm was scored positive if two or 
more beads were bound to its surface. Samples with 
=15% of sperm that showed Immunobead binding 
were Classified as positive.’ ™ 

In the Immunofluorescent antibody assay, motile 
swim-up sperm in phosphate-buffered saline solution 
washed free of seminal plasma were dropped on 
microscopic slides and air dried for a few seconds. 
The serum and seminal plasma samples diluted with 
phosphate-buffered saline solution to 1:32 and the cer- 


vical mucus diluted to 1:80 were immediately added. 


to sperm before the latter were killed by drying. The 
incubation of sperm with the test samples and second- 
ary antibodies was done at 4° C. Fab, fragments of 
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fluorescein-conjugated rabbit antthuman IgG, IgA, and 
IgM (Calbiochem Laboratories, Los Angeles) were used 
to avoid nonspecific binding and capping of antigens. 
The slides were examined under a fluorescent micro- 
scope. The reactions were scored as —, +, ++, or 
+ + + depending on the intensity of fluorescence. Pos- 
itive and negative serum and cell controls were main- 
tained.” 

In the passive hemagglutination assay, human O, Rh- 
positive red blood cells were coated with a sonicated 
sperm extract or seminal plasma from the husbands or 
O, Rh-positive control fertile men.® Serial dilutions of 
patient sera, seminal plasma, and cervical mucus were 
titrated against red cells coated with the sperm extract 
or seminal plasma. The test samples were positive if 
their antibody titers were greater than or equal to the 
mean + 2SD of the fertile controls (serum and seminal 
plasma, 232; cervical mucus, =80).* 

The x° analyses were done to assess the similarity 
between sperm antibody assays in estimating the pos- 
itivity or negativity of the same sample. Linear regres- 
sion analysis of antibody titers conventionally expressed 
as log, for cytotoxicity and hemagglutination assays and 
percent binding by Immunobead binding and by im- 
munofluorescence assays was additionally performed. 
Only those p values that were significant after Bonfer- 
roni correction for multiple testing are reported. 


Results 


Infertile men. Sera from =90% of 132 men who were 
negative for circulating cytotoxic sperm antibodies were 
also negative by other assays. The positive and negative 
results obtained by all assays were compared by x’ anal- 
ysis. The best agreements were between cytotoxicity 
and Immunobead-binding IgG in 140 of 173 (81%) 
serum samples (p < 0.001); between cytotoxicity and 
immunofluorescent IgG in 136 of 173 (79%) samples 
(p < 0.001); and between immunofluorescent IgG and 
Immunobead-binding IgG in 135 serum samples. 
Hemagglutinating, Immunobead-binding, and immu- 
nofluorescence assays generally yielded higher num- 
bers of false-negative than false-positive results (p < 
0.001; Table I). 

Seventy percent or more of infertile men without 
cytotoxic sperm antibodies in the seminal plasma also 
had negative results by other assays. Results obtained 
by cytotoxicity and Immunobead-binding IgG were 
similar in 129 of 173 (75%) of seminal plasma samples, 
whereas cytotoxicity and immunofluorescent IgG 
agreed in 132 of 173 (76%) of seminal plasma samples 
(p < 0.0001). Results by cytotoxicity did not agree with 
those of Immunobead binding or immunofluorescent 
IgM. Of 30 seminal plasma samples with Immunobead- 
binding IgM, 25 also had Immunobead-binding IgG. 
Higher percentages of men had IgA and IgM sperm 
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Table I. Percentage agreement between cytotoxic sperm antibodies and sperm antibodies detected by 
hemagglutination, Immunobead-binding, and immunofluorescence assays in infertile men 


Correct True 
prediction positive 
Assay (%) (%) 
Serum 
Hemagglutination ` 72 5 
Immunobead-binding 
IgG 81 39 
IgA 77 12 
IgM 79 18 
Immunofluorescence 
IgG 79 49 
IgA 82 34 
IgM 78 20 
Seminal plasma n = 137 
Hemagglutination 31 20 
Immunobead-binding 
IgG 75 75 
IgA 47 38 
IgM l 36 20 
Immunofluorescence 
IgG 76 78 
IgA ey aa 53 
IgM 50 43 
*h < 0.0091. 
tp < 0.001. 
th < 0.005. 


antibodies in the seminal plasma than in the serum 
(Table I). 

Infertile More false-negative results 
were obtained with hemagglutinating, Immunobead- 
binding, and immunofluorescence assays than with cy- 
totoxicity assay. Ninety percent or more of infertile 
women without cytotoxic sperm antibodies in the serum 
or cervical mucus (n = 110) also had negative results 
by the other assays. Results obtained by cytotoxicity and 
Immunobead-binding IgG agreed in 128 of 173 (74%) 
of serum and in 142 of 173 (82%) cervical mucous 
samples (p < 0.0001). Results obtained by cytotoxicity 
and immunofluorescent IgG agreed in 137 of 173 
(79%) serum samples and in 142 of 173 (82%) cervical 
mucous samples (p < 0.001). Fourteen percent of se- 
rum and cervical mucous samples had cytotoxic and 
Immunobead-binding IgM sperm antibodies, whereas 
24% of serum and 30% of cervical mucous samples had 
cytotoxic and immunofluorescent IgM sperm antibod- 
ies (Table IJ). 

Few women had hemagglutinating, Immunobead- 
binding IgA and IgM and immunofluorescent IgA and 
IgM sperm antibodies in serum and cervical mucus 
(Table II). | | 

Correlations between sperm antibody titers or per- 
cent binding by various assays. Cytotoxic sperm an- 
tibody titers (log,) correlated with percentages of sperm 


women. 





Results in relation to cytotoxicity assay 


True False . False 
negative positwe negative 
(%) (%) (%) x 
93 7 95 0.2 
94 6 61 28.4* 
97 3 88 5.3 
98 2 82 15.4* 
88 12 51 25.5* 
97 3 66 32.5* 
96 4 80 11.1+ 
n = 36 
72 28 80 1.1 
72 ` 28 25 28.4* 
83 17 62 5.8 
94 6 80 4.4 
69 31 22 29.7* 
75 25 47 8.44 
78 22 57 5.2 


bound by Immunobead-binding and immunofluores- 
cent IgG (p < 0.001 by linear regression analysis) in all 
study samples from both partners. The percentages of 
sperm bound by immunobead-binding and immuno- 
fluorescent IgG also correlated (p < 0.001). 

Value of using husbands’ sperm in sperm antibody 
assays. More men were positive for cytotoxic (p = 
0.03 in serum and p = 0.0002 in seminal plasma) 
and Immunobead-binding IgA (p =.0.01 in seminal 
plasma only) sperm antibodies against their own sperm 
than against donors’ sperm (Fig. 1). False-negative re- 
sults were obtained in 18% of women for cytotoxic se- 
rum sperm antibodies and 4% to 29% for IgG and IgA 
Immunobead-binding sperm antibodies in cervical mu- 
cus, if husbands’ sperm were not used in the tests 
(Fig. 2). 

Correlation between sperm surface immunoglobu- 
lins and sperm antibodies in serum or seminal plasma 
(n = 28 couples). There was no correlation between the 
presence of sperm-surface immunoglobulins and cy- 
totoxic antibodies to husbands’ sperm in their serum 
or seminal plasma, whereas all serum samples with 
Immunobead-binding IgG, IgA, or IgM were from 
men with sperm-surface IgG, IgA, or IgM. All men 
with endogenous IgG, IgA, or IgM had Immunobead- 
binding sperm antibodies in the seminal plasma, but 
there were some men with Immunobead-binding an- 
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Table II. Percentage agreement between cytotoxic sperm antibodies and sperm antibodies detected by 
hemagglutination, Immunobead-binding, and immunofluorescence assays in infertile women 


Results in relation to cytotoxicity assay 








Correct True True False False 
prediction positive negative positive negative 
Assay (%) (%) (%) (%) (7%) x 
Serum n = 63 n= 110 
Hemagglutination 70 25 95 5 75 16.3* 
Immunobead-binding 
IgG 74 46 90 10 54 29.9" 
IgA 70 19 99 82 19.0% 
IgM 68 14 99 1 86 13.27 
Immunofluorescence 
IgG 79 57 92 8 43 49.9* 
IgA 75 35 96 4 65 30.7* 
IgM 71 24 97 3 76 9.1* 
Cervical mucus n = 63 n= 110 
Hemagglutination 61 3 94 6 97 0.8 
Immunobead-binding 
IgG 82 60 95 5 40 63.6* 
IgA 68 25 91 9 75 9.67 
IgM 6 14 97 3 86 8.34 
Immunofluorescence 
IgG 82 76 85 15 24 65.4* 
IgA 73 43 91 9 57 27.2* 
IgM 71 30 94 6 70 17.8* 
*h < 0.0001. 
Tp < 0.001. 
tp < 0,005. 


tibodies in their seminal plasma, lacking endogenous 
sperm immunoglobulins (Table III). 

Percentages of husbands’ sperm with IgG on the sur- 
face correlated with those carrying sperm-surface 
IgA (r = 0.43; p<0.01, by linear regression analy- 
sis) and inversely correlated with seminal plasma 
cytotoxic sperm antibody titers (r = — 0.41; p < 0.01). 
Immunobead-binding IgA on the infertile men’s sperm 
was associated with sperm-surface Immunobead- 
binding IgM (r= 0.44; »<0.01). Immunobead- 
binding IgA to husbands’ sperm in the serum corre- 
lated with hemagglutinating antibody titers to autolo- 
gous sperm (r = 0.47; p < 0.01). 

Correlation between sperm antibodies in serum and 
secretions. Men with serum cytotoxic antibodies and 
Immunobead-binding IgG to autologous sperm did not 
always have seminal plasma antibodies to autologous 
sperm. Conversely, percentage binding of circulating 
Immunobead-binding IgA to autologous sperm cor- 
related with percentage binding of seminal plasma 
IgM to autologous sperm (r = 0.46; p< 0.001) and 
donors’ sperm (r = 0.43; p< 0.01). The presence 
of Immunobead-binding IgM to autologous sperm 
in the serum was associated with the presence of 
Immunobead-binding IgG to autologous and donors’ 
sperm (r = 0.55; p < 0.001) in the seminal plasma. 

Women with cytotoxic antibodies to their husbands’ 
sperm in the serum were also positive for these anti- 


bodies in the cervical mucus (r = 0.62; p < 0.001, by 
linear regression analysis of log, antibody titers). In 
women who had serum cytotoxic antibodies to autoim- 
mune husbands’ sperm, cervical mucous Immunobead- 
binding IgA to husbands’ sperm was absent 
(r = — 0.54; p < 0.001, by linear regression analysis of 
percent binding and log, titers). Cervical mucous hem- 
agglutinating antibody titers to husbands’ sperm cor- 
related with the serum Immunobead-binding IgA to 
husbands’ sperm (r = 0.47; p < 0.01). — 

Correlations between the presence of sperm anti- 
bodies in both partners of infertile couples. Wives of 
infertile men with circulating cytotoxic and hemagglu- 
tinating antibodies to autologous sperm had circulating 
cytotoxic (r = 0.63; p< 0.001, by linear regression 
analysis of log, titers) and hemagglutinating (r = 0.54; 
p < 0.001) antibodies to their autoimmune husbands’ 
sperm. The development of cytotoxic antibodies to hus- 
bands’ sperm in the cervical mucus of infertile women 
coincided with the presence of cytotoxic antibodies 
against autologous sperm in their husbands’ seminal 
plasma (r = 0.44; p < 0.01). 

Percentages of sperm with Immunobead-binding 
and immunofluorescent IgG antibodies to husbands’ 
sperm in the serum and cervical mucus of infertile 
women correlated with percent binding of their hus- 
bands’ seminal plasma Immunobead-binding IgG an- 
tibodies to autologous sperm (r = 0.41; p < 0.01). Se- 
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Infertile men 
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Fig. 1. Percentages of sera and seminal plasma positive for antibodies to autologous or control sperm, 


or both (n = 28). 


rum immunofluorescent IgG (r = 0.56; p < 0.001) and 
Immunobead-binding IgM (r = 0.50; p < 0.001) were 
frequently present in both partners. Infertile women 
often had Immunobead-binding IgA (r= 0.41; 
p< 0.01) or IgM (r = 0.47; p< 0.01) to husbands’ 
sperm in the serum when these antibodies were present 
on their husbands’ sperm. i 

All these correlations were observed only in relation 
to husbands’ sperm but not against donors’ sperm. 


Comment 

This study differs from others of a similar nature’* 
in that freshly obtained serum, seminal plasma, and 
cervical mucus from infertile couples were blindly 
tested against sperm from the same donors by four 
sperm antibody assays. The data suggest that assays to 
identify the same isotypes of sperm antibodies correlate 
reasonably well when sperm from the same donor are 
used. Because cytotoxic sperm antibodies are primarily 
IgG, the observed =75%-agreement in study samples 
between cytotoxic, Immunobead-binding IgG, and im- 
munofluorescent IgG assays (Tables I and II) is ac- 
ceptable. However, the correlation is not perfect be- 
cause the Immunobead-binding and immunofluores- 
cent antibody assays are affected by the specificity, 


sensitivity, and variability among batches of commer- 
cially available antibodies to human immunoglobulin 
isotypes” and because these assays are not yet designed 
to identify specific subclasses of IgG-mediating cyto- 
toxicity. False-positive results by cytotoxicity assay could 
hardly have contributed to the discrepancy since sam- 
ples positive by cytotoxicity assav were also positive by 
immunofluorescence or Immunobead-binding assays, 
or both. In addition; =90% of samples negative by 
cytotoxicity were negative by other assays, showing a 
low incidence of false-negative results by this assay. 
False-negative results were observed in Immunobead- 
binding and immunofluorescent IgG assays (Tables I 


_and II). Motile spermatozoa often may avoid being 


bound with the Immunobeads in contrast to slug- 
gish spermatozoa. Passive hemagglutination and 
Immunobead-binding and immunofluorescent I gA an- 
tibody assays correlated, leading to the surmise that 
sperm-agglutinating antibodies are essentially IgA. 
The study results also emphasize the use of husbands’ 
sperm in sperm antibody assays and support previous 


reports by our group and others. The cytotoxic sperm 


antibody assay appears to be most sensitive to antigenic 
differences between sperm of autoimmune infertile 
men and nonautoimmune fertile men (Figs. 1 and 2). 
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. Fig. 2. Percentages of sera and cervical mucus positive for antibodies to husbands’ or control sperm, 


or both (n = 28). 


Table III. Percentage of men -positive for sperm-surface immunoglobulins and sperm antibodies in the 


serum or seminal plasma, or both | 





` Positive for sperm surface ` 


IgG, IgA, and IgM IgG and IgA IgG None 
. (n= 4) | >o m=3) (n = 6) (n= 14) 
Cytotoxic l T’ e fs ioe | 
Serum. - 50 Oe, 2 Mg EP ak OY 0 43 
Seminal plasma _ 50 ,, a 100 ` 100 71 
Immunobead-binding = 
IgG i 
Serum 100 100 100 „100 0 
Seminal plasma 100 100 100 100 - 71 
Serum , pp a 75 - 100 67 100 0 
Seminal.plasma 75 100 _ 67 - 100 14 
IgM . . 
Serum 50 100. 33 100 43 
Seminal plasma 100 100 OF: 100 0 
Hemagglutination = 
Serum a5 100, . 0 100 — 0 
. 66. oe 0 100 0 


Seminal plasma 75 


These differences may be attributed to the documented 


presence of special antigens with molecular weights of 


30, 43, 58, and 78/80 kd on the sperm of autoimmune 


infertile men and reactive’ against IgG." It is possible 
that these antigens are not involved in eliciting IgM or . 


IgA responses measured by sperm agglutination assays, 

including passive hemagglutination,’ Immunobead- 
z binding, or immunofluorescent IgA or IgM (supported 
_ by Western blot-analysis data from this laboratory). 

`- It- may be argued that the presence of endogenous 
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immunoglobulins on the sperm surface of autoimmune 
infertile men may lead to false-positive or enhanced 
results by cytotoxicity and Immunobead-binding as- 
says. The following data refute this point of view: (1) 
presence of serum or seminal plasma cytotoxic sperm 
antibodies or seminal plasma Immunobead-binding 
IgG was independent of the presence of endogenous 
immunoglobulins (Table II); (2) fewer swim-up sperm 
used in cytotoxicity and indirect Immunobead-binding 
assays (<15% binding) have endogenous immunoglob- 
ulins than the entire sperm population pelletted for the 
direct Immunobead-binding assay (35% to 100%); (3) 
cytotoxicity assay requires that sperm cell controls with- 
out added serum or secretions must have a viability 
285% for the assay to be valid. The observed differ- 
ences are therefore a result of sperm antigenic het- 
erogeneity.*° Qualitatively, antibodies against autoim- 
mune men’s sperm inhibit sperm motility in the pres- 
ence of native complement."® 

Immunobead-binding IgG on the surface of hus- 
bands’ sperm was associated with endogenous IgA and 
IgM. Because sperm-surface IgM was also associated 
with serum Immunobead-binding IgG and serum 
and seminal plasma IgA sperm antibodies in these 
men (Table III), it is possible that nonspecific im- 
mune responses triggered by infections are detected 
by the Immunobead-binding assay. In the earlier 
World Health Organization study, results obtained by 
Immunobead-binding and agglutination assays corre- 
lated with the presence of antibodies to Mycoplasma 
organisms.” In this study men with sperm-surface 
Immunobead-binding IgA were also positive for cir- 
culating Immunobead-binding IgM and hemaggluti- 
nating sperm antibodies. The primary immune re- 
sponse to microorganisms or viruses in the genital mu- 
cosa is IgM- and IgA-mediated and leads to a secondary 
IgG response. That fewer men were positive for serum 
Immunobead-binding or immunofluorescent IgM than 
for seminal plasma IgM sperm antibodies suggests a 
localized IgM immune response to infection. IgM is 
known to be present, albeit at low levels, in fresh sem- 
inal plasma’? and is more susceptible to native proteo- 
lytic enzyme action than IgG or IgA." Fresh seminal 
plasma was used in this study and may account for the 
increased level of detection of IgM in comparison with 
laboratories that use stored frozen seminal plasma 
samples. . 

Our data also suggest that development of autoim- 
munity to sperm in infertile men may be heteroge- 
neous. Intertile men with cytotoxic, Immunobead- 
binding, and immunofluorescent IgG antibodies to au- 
' tologous sperm in the serum and seminal plasma may 
be genetically prone to produce these antibodies, 
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whereas after infections other men may develop tran- 
sient sperm antibodies in the seminal plasma but not 
in the serum. The sperm motion characteristics of the 
latter are normal in contrast tc the critically affected 
sperm motion characteristics of infertile men with true 
autoimmunity to sperm in serum and seminal plasma.” 

Unlike their husbands, the wives of autoimmune in- 
fertile men had sperm antibodies in both serum and 
cervical mucus. Women exposed to the unique sperm 
antigens of their autoimmune infertile husbands” or 
to an excess of antigens generated through degradation 
of infected sperm in their husbands may have cervical 
mucous sperm antibodies. Circulating sperm antibodies 
may develop in these women as a result of transudation 
of cervical mucous sperm antibodies or postcoital sol- 
uble sperm antigens from their husbands. Serum 
Immunobead-binding IgA to husbands’ sperm devel- 
oped in women whose husbands had sperm-surface 
Immunobead-binding IgA and IgM. The latter couples 
might have sperm antibodies as a result of infections 
in the husbands. 

It has been shown'*”* that cytotoxic, immobilizing, 
and hemagglutinating sperm antibodies in the serum 
and secretions of both partners in infertile couples cor- 
relate with each other; this was substantiated by this 
study. In most instances this correlation was in immune 
responses of both partners, specifically against sperm 
from autoimmune infertile husbands, reemphasizing 
the need to use husbands’ sperm in these sperm anti- 
body assays. 

Sperm-immobilizing and cytotoxic antibodies are 
sperm specific and may be better correlated with 
infertility than sperm-agglutinating antibodies.” 
Immunobead-binding and immunofluorescence as- 
says identify the isotypes of sperm-reactive antibod- 
ies.'''?: 5 The combination of an assay to evaluate sperm 
immobilizing function and another assay that enumer- 
ates the isotype of immunoglobulins appears preferable 
to use of a single assay because such an approach yields 
information on the immunoglobulin isotype and its 
functional significance. For example, cytotoxic sperm 
antibodies, singly or in combination with Immunobead- 
binding or immunofluorescent IgG, denote the pres- 
ence of true immunity to sperm, whereas the presence 
of Immunobead-binding or immunofluorescent IgG, 
IgA, or IgM in absence of cytotoxic sperm antibodies 
may imply nonspecific infection-related antibodies. 
Whereas corticosteroid therapy is desirable for the for- 
mer, antibiotic therapy would seem appropriate for the 
latter. 

It is concluded (1} that cytotoxicity, Immunobead- 
binding (IgG), and immunofluorescence (IgG) assays 
are in agreement when sperm from the same donors 
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are used, (2) that a significant incidence of false- 
negative results could occur especially in infertile men, 
when husbands’ sperm are not used; (3) that the wom- 
en’s isoOimmunity to sperm is associated with their hus- 
bands’ autoimmunity to sperm. 


We thank H. Oliver Williamson, MD, Chief, Section 
of Reproductive Endocrinology and Infertility and Vice 
Chairman, Obstetrics and Gynecology Department, for 
providing the clinical samples and reviewing the manu- 
script. 
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Extensive vulvar and vaginal varicella necessitating 


abdominal delivery 


Cynthia K. Sites, MD, David M. Sherer, MD, David L. Gandell, MD, and 


James R. Woods, Jr., MD 
Rochester, New York 


Maternal varicella occurs in fewer than five per 10,000 pregnancies in the United States. A case is 
reported in which markedly painful, extensive vulvar and vaginal ulcers prevented cervical examination, 
and cesarean section was performed with the patient under general anesthesia. (AM J OpsteT GYNECOL 


1990;163:1630-1.) 


Key words: Varicella-zoster, chickenpox, abdominal delivery 


The rash of varicella-zoster usually begins on the face 
or scalp and progresses rapidly to the trunk, often spar- 
ing the extremities. Lesions begin as macules and pap- 
ules and evolve to pustules and crusts, with completion 
of the cycle in 8 to 12 hours. Lesions can also develop 
in mucous membranes, including the mouth and va- 
gina. These appear as vesicles that rupture quickly, 
leaving shallow ulcers. We report a case where a pa- 
tient exposed to varicella early in pregnancy received 
varicella-zoster immune globulin but extensive vulvar 
and vaginal varicella at term necessitated abdominal 
delivery. 


Case report 


A 32-year-old white woman, gravida 3, para 2, was 
admitted to the labor and delivery suite with mild ir- 
regular contractions at 41% weeks’ gestation. A non- 
stress test that day was reactive, but a marked decrease 
in amniotic fluid was noted by ultrasonography. 

At 7 weeks into the current gestation, she had re- 
ceived five vials of varicella-zoster immune globulin 9 
days after exposure to chickenpox. Gestational diabetes 
was well controlled by diet. Her history was negative 
for genital herpes. 

Eight days before admission, she first noted fever, 
malaise, and occasional coughing. The next day fever, 
shaking chills, and a rash typical of varicella were seen. 
To her knowledge, she had not been reexposed to var- 
icella. 

On admission she was afebrile, with blood pressure 
110/76 mm Hg and pulse 80 beats/min. Examination 
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of the mouth revealed a few ulcers. Results of heart 
and lung examination were normal. Abdominal ex- 
amination revealed a fundal height of 35 cm, with a 
vertex-presenting fetus that had a normal fetal heart 
rate. Extremities, face, trunk, and abdomen were cov- 
ered with lesions that were mostly crusted but in various 
stages of healing (Fig. 1). Cervical examination was 
intolerable for the patient because of multiple painful 
vulvar and vaginal ulcers (Fig. 2). On initial examina- 
tion the cervix was 1 to 2 cm dilated and 50% effaced, 
and the vertex was at the — 3 station. A chest x-ray film 
showed no evidence of varicella pneumonia. 

Because of the gestational age in conjunction with 
olighohydramnios in a patient with gestational diabetes, 
delivery was elected. Options for delivery were dis- 
cussed with the patient and included intravenous oxy- 
tocin induction of labor with anesthesia, waiting for 
more healing before attempting vaginal delivery, or 
cesarean section. Members of anesthesiology, perina- 
tology, and neonatology departments were consulted. 
Because of the skin lesions on the back, spinal or epi- 
dural anesthesia was thought to be a high-risk factor 
for meningitis. Since even gentle touching of the va- 
ginal lesions caused great discomfort for the patient, 
the decision was made to perform a cesarean section 
while she was under general anesthesia. A female infant 
weighing 3205 gm was delivered with Apgar scores of 
7 and 8 at 1 minute and 5 minutes, respectively. 

The infant did not receive varicella-zoster immune 
globulin, because the pediatric infectious disease team 
thought that, because maternal symptoms appeared 
more than 5 days before delivery, maternal antibodies 
had formed and had been passively transferred to the 
infant. The mother and infant were both discharged 
in good health 5 days after delivery. In the infant a 
mild rash suggestive of varicella developed several days 
later. 


Comment 


It is uncertain how our patient contracted chicken- 
pox. Enders’ has shown that varicella-zoster immune 
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Fig. 2. Extensive perineal varicella lesions. 


globulin, when given within 96 hours of exposure, is 
protective in 80% of cases in 25 seronegative patients. 
Varicella developed in approximately 90% of 18 women 
who did not receive varicella-zoster immune globulin. 
Nine patients who received varicella-zoster immune 
globulin >96 hours after chickenpox exposure had an 
attenuated form of the disease. Because our patient 
received varicella-zoster immune globulin >96 hours 
after exposure at 7 weeks’ gestation, it is possible that 
varicella-zoster immune globulin delayed expression of 
the disease. Alternatively, she could have been reex- 
posed unknowingly. 

To our knowledge, this is the first reported cesarean 
section performed because of extensive vulvar and va- 
ginal varicella ulcerations. We do not suggest that 
peripartum maternal varicella is in itself an indication 
for cesarean section for fetal or maternal reasons. How- 
ever, this case represents a rare maternal genital man- 


ifestation of varicella precluding vaginal delivery be- 
cause of exquisitely painful lesions in a patient in whom 
delivery was deemed necessary, with regional anesthe- 
sia contraindicated. Steyn and Odendaal’ reported a 
case of a primigravid woman with varicella pneumonia 
at 33 weeks’ gestation with repetitive late fetal heart 
rate decelerations. Labor was suppressed, with subse- 
quent improvement of maternal and fetal conditions. 
The patient subsequently underwent a cesarean section 
because of breech presentation with good outcome. 
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The role of fetal membranes in regulating production, 


transport, and metabolism of prostaglandin E, during labor 


John A. McCoshen, PhD, Dennis R. Hoffman, PhD,” Jeremy V. Kredentser, MD," 


Carolina Araneda,* and John M. Johnston, PhD’ 
Winnipeg, Manitoba, Canada, and Dallas, Texas 


The level of prostaglandin E,, a potent stimulator of myometrial contractions, increases in amniotic fluid 
during labor. We tested whether amniotic prostaglandin E, crosses the reflected fetal membranes to the 
myometrium during labor. Disks of amnion, chorion-decidua, and amnion chorion-decidua from 10 term 
pregnancies before labor and nine vaginal deliveries after normal spontaneous labor were incubated in 
two-sided perfusion chambers in the absence or presence of 1 mol/L indomethacin, or in the presence of 
a bolus of prostaglandin E, and radiolabeled prostaglandin E, added to the fetal chamber. Net amniotic 
prostaglandin E, increased significantly (p = 0.003) after labor. However, there was no significant 
difference in prostaglandin E, concentrations on the maternal side of amnion chorion-decidua between 
labor conditions. High-pressure liquid chromatography identified the transport of intact tritiated 
prostaglandin E, across amnion but not across chorion-decidua or amnion chorion-decidua in which 
prostaglandin E, was completely metabolized. Because of 15-hydroxyprostaglandin dehydrogenase activity 
in chorion, we suggest that amniotic prostaglandin E, transport to the myometrium is impaired. Thus the 
increase in prostaglandin E, production that occurs in amnion tissue after labor commences does not 
result in an increase in prostaglandin E, concentration on the myometrial side of the fetal membranes in 


the in vitro preparation. (Am J Osstet GYNECOL 1990;163:1632-40.) 


Key words: Fetal membranes, prostaglandin E, metabolism, labor 


Prostaglandins of fetal origin are believed to be im- 
portant factors in regulating myometrial contractions 
and the events of labor.” During labor the substantial 
increase in the concentration of prostaglandin E, 
(PGE,) in amniotic fluid’ * appears to result from an 
elevated production of PGE, by amniotic membrane 
lining the gestational sac,** as a result of increased 
activities of the enzymes responsible for release of ar- 
achidonic acid? and prostaglandin synthesis.” ‘This 
progressive accumulation of PGE, in amniotic fluid 
poses a potential for increased availability of PGE, to 
myometrium by translocation across the fetal mem- 
branes.* ° However, this concept is complicated by the 
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observations that (1) intact reflected membranes, con- 
sisting of adherent amnion plus chorion-decidua ob- 
tained from women after the spontaneous onset of la- 
bor, display increased PGE, output on the amniotic sur- 
face but not on the maternal surface facing the 
myometrium,’ and (2) chorion laeve lying between am- 
nion and decidua possesses high 15-hydroxyprostag- 
landin dehydrogenase activity capable of metabolizing 
PGE,.' Decidual tissue also has the capacity to snythes- 
ize, secrete, and metabolize PGE, and prostaglandin Foa 
(PGF.,,)'* and appearance of PGE, on the maternal side 
of the fetal membranes may not necessitate solely an 
amniotic source. This study was performed to deter- 
mine the translocation of PGE, from fetal to maternal 
compartments and to examine the metabolism of the 
prostanoid during transit. 


Material and methods 


Placentas were collected from 10 clinically normal 
women at term (38 to 40 weeks) after delivery by elec- 
tive repeat cesarean section but before labor onset (pre- 
labor). A second group of samples was obtained from 
nine normal women who were delivered vaginally at 
term following the spontaneous onset of labor (postla- 
bor). Tissues were immediately taken to the laboratory 
and rinsed in cold (4° C) phosphate-buffered saline 
solution (pH 7.4) to remove residual blood. After re- 
flected membranes were severed from the placenta, 12 
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discs of intact membrane (approximately 8 cm*) were 
cut from each tissue. Subsequently, different mem- 
brane combinations were prepared to include four 
disks each of amnion, chorion-decidua, and intact 
membrane. Ne 

Reflected fetal membrane is a composite of amnion 
fused to smooth chorion (chorion laeve). After sepa- 
ration from the uterus, a thin layer of decidua usually 
remains adherent to the maternal surface of chorion. 
Thus the term chorion-decidua best describes the cho- 
rionic layer of the membranes after this separation 
from the uterus. The amniotic component of reflected 
membranes is fused to the chorion-decidua. Thus, for 
purposes of simplifying the terminology, “intact” mem- 
branes will be used hereafter to designate amnion plus 
chorion-decidua. 

Each disk of tissue was mounted inside a dual- 
compartment perfusion chamber described previ- 
ously.” The chambers were checked over a 10-minute 
period tc ensure that the preparations were free of 
leaks. During incubation constant circulation and con- 
tinuous aeration with filtered humidified air were main- 
tained in the chambers. Synthetic amniotic fluid’ at pH 
7.4 was added to the chambers (9 ml each) on the fetal 
and maternal sides of suspended tissue and preincu- 
bated at 20° C for 2 hours with a change of medium 
after each hour. By this procedure endogenous PGE, 
secretion caused by the initial trauma was eluted and 
the preparation was stabilized.? After the second 
change of medium, the chambers were placed in a water 
bath at 37° C and allowed to equilibrate to ambient 
temperature over 15 minutes. The time point after 
equilibration was designated as 0 hours. The experi- 
mental regimen for each membrane type from each 
patient included control membranes incubated in me- 
dium alone, membranes incubated in the presence of 
l .mol/ L indomethacin, membranes in which a bolus 
of PGE, (final concentration = 6.0 nmol/L) was added 
to the fe:al chamber, and a fourth membrane incubated 
in medium containing | pmol/L indomethacin plus a 
bolus of PGE, on the fetal side. Thus for each mem- 
brane type from each patient determinations were 
made for PGE, production, inhibition of PGE, pro- 
duction, PGE, transport from the fetal to maternal sur- 
faces, and PGE, transport during inhibition of PGE, 
production. Table I summarizes the variables used in 
the experimental design. 

Samples of 0.5 ml were removed from the fetal and 
maternal chambers at 1 and 2 hours of the preincu- 
bation period and at 0, 2, and 4 hours from initiation 
of the experiment. PGE, values were corrected for the 
fixed Icss of media volume as a result of sampling. 
Radioimmunoassay (RIA) of PGE, was performed as 
previously described.” The interassay variation was 
10% and the intraassay variation was <8%. 
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Table I. Variables used in the experimental 
design testing the translocation and 
restrictions of translocation of PGE, across 
reflected membrane from term deliveries 





Delivery types 
Cesarean section (prelabor) 
Spontaneous vaginal delivery (postlabor) 


PGE, on fetal and maternal membrane sides 


Membranes - 
Intact (amnion plus chorion-decidua) 
Chorion-decidua 
Amnion 


Sampling times 
0 hr 
2 hr 
4hr 


Treatments 
Control 
Plus 1 pmol/L indomethacin (both sides) 
Plus PGE, bolus (fetal side only) 
Plus indomethacin (both sides) 
and PGE, bolus (fetal side only) 


Separate experiments were performed on normal tis- 
sues obtained from each of five women before labor 
and after labor, whereby 0.21 pmol of [PH]PGE, (0.03 
wCi, >98.4% purity) was added to the fetal side of 
either the amnion, chorion-decidua, or intact mem- 
branes at 0 hours after preequilibration. Samples (0.1 
ml) were removed from the fetal and maternal sides at 
0, 2, and 4 hours of incubation at 37° C and total counts 
per minute were assessed by liquid scintillation count- 
ing. Comparisons were then made between the results 
of RIA for PGE, and the extent to which tritiated com- 
pound(s) appeared in the maternal compartment. 

Additional aliquots of media were used for deter- 
mination of radioactivity in various prostaglandins and 
their metabolites. The individual prostanoids were 
separated by high-pressure liquid chromatography 
(HPLC) according to Campbell and Ojeda.” Briefly, 
PGE, 15-keto-PGE,, and 15-keto-dihydro-PGE, (5 ug 
each) carrier was added to 3 to 5 ml of sample; the 
samples were acidified and passed through a Bondelut 
octadecylsilyl column. The prostaglandins were eluted 
with ethyl acetate. The prostaglandins were then frac- 
tionated on a Dupont 850 liquid chromatograph fitted 
with an Alltech Econosphere C18 reverse-phase col- 
umn (250 mm X 4.6 mm X 5 pm) eluted with 68% 
phosphoric acid (25 mmol)/L acetonitrile for 40 min- 
utes and a linear gradient to 100% acetonitrile for 20 
minutes. Optical density was monitored at 192 nm; ra- 
dioactivity was quantitated with a Radiomatic Flo-One 
radioactivity flow detector. 

All results were statistically evaluated by a general 
linear model analysis of variance, individual paired and 
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Fig. 1. PGE, concentrations (mean + SEM) on the fetal (open bars) and maternal (hatched bars) sides 
of membranes. ACD, amnion chorion-decidua (intact); CD, chorion-decidua; and A, amnion. In- 
cubations were for 4 hours tn medium alone or with addition of 1 pmol/L indomethacin (solid bars), 
with membranes from before (n = 10) and after (n = 9) labor. Asterisks denote a significant increase 
in PGE, after labor over that of matched membrane type and side from kefore labor for net 


production (see text). 


unpaired two-tailed ¢ tests, simple and multiple regres- 
sion, and correlation analyses. 


Resuits 


Net PGE, production by control membranes was cal- 
culated by subtraction of PGE, elution in the presence 
of indomethacin from PGE, production in incubation 
medium ‘alone. The results are summarized in Fig. 1. 
A comparison of each membrane type by general linear 
model analysis of variance of membrane side and con- 
dition of labor identified a significant increase in net 
postlabor PGE, production by the fetal side of intact 
membrane (F = 5.72; p = 0.02) and both fetal and ma- 
ternal sides of postlabor amnion (F = 9. 72; p = 0.003). 
Chorion-decidua displayed no change in PGE, pro- 
duction between prelabor and postlabor conditions on 
either the fetal or maternal sides. | 

The addition of PGE, at 0 hours to the fetal side of 
each membrane type incubated in the presence of in- 
domethacin resulted in a progressive decline in PGE, 
on the fetal side of all membranes obtained from both 
prelabor and postlabor deliveries (Fig. 2). However, a 
concomitant increase in PGE, on the maternal side was 
observed only when amnion was used (Fig. 2, C). No 
change | in PGE, concentrations over baseline levels was 
detected on the maternal sides of the intact membranes 


or chorion-decidua preparations (Fig. 2, A and B). The 
amounts of PGE. recovered at 4 hours on the fetal and 
maternal sides of each membrane preparation from the 
above experiments were compared with the concentra- 
tion of PGE, added to the fetal chamber at 0 time (Table 
II). When the individual membrane types were com- 
pared iñ the amount, percentage or both of recoverable 
PGE, between prelabor and postlabor conditions, no 
significant difference was observed. However, compar- 
ison between membrane preparations within each con- 
dition of labor revealed highly significant (p < 0.001) 
differences in recoverable PGE,. The data from amnion 
indicated that 24% to 26% of PGE, is transported from 
the fetal to maternal side over 4 hours. However, it was 
not evident from these experiments that PGE, was 
translocated by chorionic membrane. From the decline 
in PGE, on the fetal side of chorion-decidua and intact 
membrane and failure of PGE, appearance on the ma- 
ternal side, it can be computed that after 4 hours, cho- 
rionic metabolism of PGE, accounts for between 33% 
and 56% of the exogenously added prostanoid to PGE, 
metabolites. Furthermore, addition of a bolus of PGE, 
to the fetal side of intact membrane at time 0 and in- 
cubated without any prostaglandin synthetase inhibitor 
present resulted in PGE, concentrations on the mater- 
nal side after 4 hours of 0.41 + 0.18 pmol/ml before 
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Fig. 2. Translocation of PGE, across amnion chorion-decidua (intact) (A), chorion-decidua (B), and 
amnion (C) after indomethacin (1 mol/L) treatment and bolus PGE, (6 nmol/L). Membranes were 
from before labor (n = 10) and after labor (n = 9). Values are mean + SEM. 


labor and 1.16 + 0.56 pmol/ml after labor (mean + added) before labor were 0.51 + 0.27 pmol/ml and 
SEM); the values were not significantly different. Sim- 1.21 + 0.54 pmol/ml after labor. The same experiment 
ilarly, the PGE, concentrations on the maternal side of with chorion-decidua resulted in no change in PGE, 
control intact membranes (no PGE, or indomethacin concentrations on the maternal side over those of 
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Fig. 3. Translocation of radiolabeled PGE, and metabolites across amnion and amnion-chorion- 
decidua from before (n = 5) and after (n = 5) labor delivery. [>H]PGE, was added at time 0 to fetal 
chamber of perfusion apparatus. Values represent means + SEM. 


Table II. Comparison of amount of PGE, added to fetal side of membranes in presence of indomethacin 
at 0 hours with that recovered by RIA analysis on fetal and maternal sides at 4 hours of incubation 


Prelabor 


Membrane 


PGE, (pinot/ml) (mean + SEM) 


Postlabor 


Intact (total) 5.74 + 0.17 
Fetal chamber 3.51 + 0.21 
Maternal 0.11 + 0.03 
chamber 

TOTAL 3.61 + 0.32 

Chorion-decidua 5.70 + 0.16 
Fetal chamber 2.45 + 0.15 
Maternal 0.05 + 0.03 
chamber 

TOTAL 2.50 + 0.34 

Amnion 6.08 + 0.2 
Fetal chamber 3.76 + 0.39 
Maternal 1.46 + 0.25 
chamber 

TOTAL 5.22 + 0.25 


5.69 + 0.24 
61 3.75 + 0.39 66 
2 0.05 + 0.03 l 
63 3.80 + 0.43 67 
5.71 + 0.28 
43 l 2.91 + 0.32 51 
i 0.07 + 0.05 ] 
44 . 9.98 + 0.35 52 
5.91 + 0.49 
62 3.71 + 0.48 63 
24+ 1.55 + 0.10 26T 
86 5.26 + 0.11 89 


*%_. Percent of total added at 0 hours. 


tSignificantly different from intact and chorion-decidua maternal side values, p < 0.001. 


chorion-decidua controls (data not shown). Thus, de- 
spite maintenance of high PGE, levels on the fetal side 
of intact and chorion-decidua membranes, we found no 
evidence of PGE, translocation to maternal side. 

To further characterize PGE, metabolism, PH]PGE, 
was added to the amnion and intact membrane prep- 
arations, and the metabolic products in the fetal and 
maternal compartments were identified by HPLC (Fig. 


3). When amnion was used and [°H]PGE, was placed 
on the fetal side, approximately 30% of added radio- 
activity was translocated to the maternal side after 4 
hours. When the intact membrane preparation was 
used, approximately 15% of tritium translocated to the 
maternal chamber by 4 hours. There was no significant 
difference in translocation or acccumulation of tritium 
in membranes relative to labor status. Results of HPLC 
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Table III. Percent distribution of tritiated prostaglandins on fetal and maternal sides of amnion after 4 


hours’ exposure to [>H]PGE, on fetal side (mean + SEM)* 


Before labor (n = 5) 


After labor {n = 5) 


Se ES SS a aa % 


PGE, 95.0 + 1.5 65 95,5 & 2.1 
PGE,-Mft 0.3 + 0.1 ] 0.7 + 0.2 
15K-PGE, 1.3 + 0.4 l 0.7 + 0.5 
15K-H;-PGE, 3.0 + 1.8 2 0.2 + 0.1 
Bicyclic prosta- 15204 l 1.5 + 0.6 
glandinst 

Unidentified§ 0.7 + 0.8] ak 15:2 0.5 
Total dpm (%) 111,600 rl 47,700 


29 118,800 70 
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%, Percent of total PH]PGE, added at time 0 to chamber on fetal side of amnion. 100%, Both fetal and maternal chambers. 


* Average of five replicates. 


{Tentatively identified as w and -oxidation products of PGE). 


£11-Deoxy-13,14-dthydro-15-keto-11,16e-cyclo-PGE. 


§Excludes thromboxane Ba PGFs. PGD, 15-keto-H,-PGF,,. 


Eluted beyond bicyclic prostaglandin. 


Table IV. Percent distribution of tritiated prostaglandins on fetal and maternal sides of intact membrane 


after 4 hours’ exposure to [*H]PGE, on fetal side (mean + 


Before labor (n = 5) 


SEM)* 
After labor (n = 5) 


etn OO 
MIREI YO Ee a 


PGE, 75.7 £ 5.4 55 0 
PGE,-M* So 0.7 2 2S E2 
15K-PGE, 0.5 + 0.3 l 4.0 + 2 
15K-H,-PGE, 9.6 + 2.3 8 5251 ż1 
Bicyclic prosta- 3,0 a7 I 22.7 + 1 
glandins 
Unidentified§ 5.9 + 1.5 5 0 
Total dpm* (%) 135,000 72 24,300 


ho 


me ON Ly 09 
be ST 


0 72.5 + 04 0 
2 0.4 + 0.3 i 14.2 : 3.9 l 
l 0.3 + 0.3 l 16.9 + 5.3 } 
3 13.1 + 2.9 12 40.3 + 13.5 2 
2 26-2 1:2 '2 34.1 + 5.4 2 
0 11.0 + 1.4} 10 4.5 + 1.8 0 
8 139,500 83 26,100 7 


%, Percent of total PH]PGE, added at time 0 to chamber on fetal side of intact membrane. 


*Average of five replicates. 


tTentatively identified as w- and B-oxidation products of PGE». 


t11-Deoxy-13, 14-dihydro-15-keto-11B,16e-cyclo-PGEo. 


S§Excludzs thromboxane B», PGF, PGDs», 15-keto-H»-PGF.,. 


Eluted beyond bicyclic prostaglandins. 


analysis of tritiated compounds in fluids from the fetal 
and maternal chambers of amnion and intact mem- 
brane are summarized in Tables III and IV. Approx- 
imately 25% of the radioactivity was found in the ma- 
ternal chamber after a 4-hour incubation with the 
before-labor amnion and 27% with the after-labor am- 
nion. This radioactivity comigrated with authentic 
PGE, on the HPLC. This value is similar to the PGE 
recovery by RIA analysis (Table III). The analyses 
of intact membrane incubates failed to identify any 
[7H}]PGE, on the maternal side, whereas 55% to 57% 
of compound on the fetal side was [SH]PGEs. Tritium 
recovery from the HPLC columns was 96.3% and 
82.6% for amnion and intact membrane, respectively. 
The major metabolite in the maternal chamber of intact 
membranes was 15-keto-13,14-dihydro-PGE, both be- 
fore and after labor; concentrations were 52.1% and 


40.3%, respectively. Additional PGE, metabolites coe- 
luted with authentic 15-keto-PGE, and the bicyclic de- 
rivative of the 15-keto-13,14-dihydro-PGE, (Fig. 4). 
However, no radiolabeled PGE, could be detected on 
the maternal side when the intact membrane prepa- 
ration was used. Less than 0.5% of the added total 
radioactivity was present in the tissue after the 4-hour 
incubation. Therefore the radioactivity of the tissues 
was not further fractionated into the various’ metabo- 
lites of PGE. 


Comment 


On the basis of reported findings, it is suggested that 
PGE, can be translocated across isolated amnion. How- 
ever, the translocation of exogenously added PGE, 
across the chorion-decidua appears to be impeded by 
enzymatic metabolism of PGE, in this tissue. Earlier 
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Fig. 4. Representative HPLC fractionations of prostaglandins (A, B, D, F) detected at 192 nm and 
associated radioactivity (C, Æ, G) after PH]PGE; bolus to fetal side of membranes. A, Separation of 
authentic prostaglandin standards; tritium in fetal (B, C) and maternal (D, E) chambers at 4 hours 
of “before labor” intact membrane preparation; tritium in maternal chamber at 4 hours of “after 
labor” intact membrane preparation (F, G). Carrier PGE,, 15-keto-PGE,, and 15-keto-H,-PGE, were 
added to all samples (see B, D, and F) for identification of metabolites. 


studies identified the capacity of chorion laeve to me- 
tabolize PGE,.*? Amnion tissue has a high capacity for 
PGE, synthesis and a limited capacity to inactivate PGE, 


because of the absence of 15-hydroxyprostaglandin de- 


hydrogenase activity.'? We and others’? have observed 
that chorion laeve and decidua vera tissues also have 
the capacity for the synthesis of both PGE, and 
PGF"? In addition, these two latter tissues have a 
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significant amount of prostaglandin dehydrogenase ac- 
tivity.''? The present observations on the translocation 
of PGE, are consistent with these enzymatic studies in 
that both endogenously synthesized and the exoge- 
nously added PGE, were translocated across the am- 
nion membrane unchanged, whereas PGE, was metab- 
olized completely when intact membranes were used. 
Recently Nakla et al. and Bennett et al.” suggested 
that most amniotic PGE, translocates unmetabolized 
across amnion-chorion plus decidua. However, our re- 
sults confirm earlier observations that PGE, concentra- 
tions do not increase on the maternal side of isolated 
chorion-decidua or intact membrane despite increased 
amniotic output after labor.’ Furthermore, our HPLC 
analysis failed to identify any unmetabolized [*H]PGE, 
on the maternal side of intact membrane regardless of 
labor status, and RIA of PGE, also failed to detect any 
increase on the maternal side despite a substantial loss 
of added PGE, on the fetal side. Each membrane prep- 
aration used in our study was confirmed to be leak- 
free, and the incubation medium we used is known to 
maintain cellular integrity of the fetal membranes.’ 
Furthermore, Fig. 3 clearly identifies translocation of 
tritiated compound across the membranes, confirming 
that there was no blockage of diffusion in our sys- 
tem.”* More recently, Collins and Roberts” also failed 
to identify transfer of amniotic fluid PGE, from the 
fetal to maternal side of intact fetal membrane despite 
increased PGE, synthesis in amnion. The disparate re- 
sults between the various groups with regard to the 
PGE, translocation across the fetal membranes is not 
readily apparent. However, on the basis of our data, it 
is suggested that amnion is not the source of PGE, on 
the myometrial side of reflected membrane during la- 
bor. It should be emphasized that these findings do not 
discount the potential for activation of amnion by pros- 
tanoids or other autacoids which, in turn, activates the 
adjacent chorion in labor-related metabolic events. 
We have suggested that a second autacoid, namely 
platelet-activating factor, may indeed function by such 
a mechanism." Platelet-activating factor has been re- 
ported to activate glycogen breakdown in the perfused 
rat liver.” Furthermore, platelet-activating factor levels 
in term amnion before labor are equivalent to amnion 
from early gestation (14 to 16 weeks) but twofold 
greater in postlabor amnion. In addition there is an 
in vitro platelet-activating factor—induced efflux of 
PGE, by term amnion“ and amnion cells in culture.’® 
Similar to PGE,, platelet-activating factor concentra- 
tions in amniotic fluid are markedly elevated during 
labor at term’ and in both preterm labor and pre- 
mature rupture of membranes.” Recently we reported 
that the wet weight of reflected amnion increased with 
labor and that this may result from the hydrolysis of 
the thick underlying collagen layer in preparation for 
membrane rupture and disociation from the uterus at 
parturition.’ In addition, prostaglandin-mediated col- 
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lagenase activity is reported to occur in the follicular 
wall before its rupture at time of ovulation, and cervical 
effacement caused by collagen breakdown can be in- 
duced by PGE. Thus increased amnionic PGE, syn- 
thesis may serve other currently undefined functions | 
in labor and parturition. 

Failure of amniotic PGE, to reach the myometrial 
surface of the reflected membranes does not negate the 
presence of the prostanoid in such tissue. The control 
experiments clearly identify PGE, production on the 
decidual surface of the membranes. However, we were 
unable to identify any significant increase in PGE, pro- 
duction on the maternal surface despite a substantial 
increase in amniotic productivity after labor. This is 
similar to our previous observations.’ Thus we suggest 
that the availability of PGE, per se on the maternal 
surface of the membranes is steady during labor and 
independent of PGE, productivity by amnion. 

Because both decidua and myometrium produce 
PGE,,'? availability of PGE, in the myometrium may 
be exclusively maternal in origin. Furthermore, a role 
for PGE, in contractility may be at the level of pros- 
taglandin receptors on myometrial cells. However, 
myometrial receptors for PGE series and PGF,, appear 
quantitatively equivalent before and after labor.'* Fur- 
thermore, myometrium converts PGE, to PGF,,, and 
to 13,14-dihydro-15-oxo metabolites on both prosta- 
glandins at an equivalent rate before and after labor.” 
Thus PGE, production and metabolism by chorion, de- 
cidua, and myometrium appear to be unaffected by 
labor. Conversely, PGF», production by the decidua’! 
and the decidual surface of intact fetal membrane” is 
reported to increase with labor. In maternal circulation, 
the concentration of PGF metabolites rises substantially 
during labor, whereas PGE metabolite concentrations 
are not altered.’ Because the rates of production of 
PGE, by intact fetal membrane increase with labor only 
on the fetal side and that of PGF,, only on the maternal 
side, respectively, we suggest that dynamic changes in 
the ratio of PGE, to PGF,, by each of amnion, chorion, 
and probably decidua are important to the process of 
labor. A change in prostaglandin ratios may impart a 
synergistic effect that positively influences myometrial 
contraction. Other prostanoids and autacoids such as 
platelet-activating factor, probably play an important 
role in maintaining the contractions of labor." 

In summary, the results of these experiments suggest 
that PGE, of amnionic origin is unavailable to the myo- 
metrium because of its metabolism by the underlying 
chorion. Thus PGE, alone may not be the sole initiating 
factor of labor because its availability on the maternal 
surface appears not to change between prelabor and 
postlabor conditions. Thus we suggest that a funda- 
mental process such as labor is more likely the result 
of multiple factors rather than the so-called “trigger” 
hypothesis involving a single compound, as invoked by 
some investigators. 
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Surgical staples in cesarean section: A randomized 


controlled trial 


Marc G. Villeneuve, MD, Samir Khalifé, MD, Sylvie Marcoux, MD, PhD, and 


Pierre Blanchet, MD 
Sainte-Foy, Quebec, Canada 


This randomized controlled trial compares the use of the Auto Suture Poly CS 57 disposable surgical 
stapler (n = 98) with standard hysterotomy (n = 102) in low transverse cesarean sections. Subjective 
assessment of blood loss by the surgeon resulted in lower mean (+SEM) total blood loss estimates in the 
stapled group (492 + 24 ml) than in the nonstapled group (579 + 38 mi) (p = 0.05). However, surgeon's 
estimation of blood loss as a result of the hysterotomy and blood loss estimated by the hemoglobin deficit 
measured on the second postoperative day did not significantly differ between the two groups. The use of 
the stapling device tended to lengthen the total operating time, which averaged 42.5 minutes in the group 
with the staples and 39.2 minutes in the group with the standard hysterotomy (p = 0.05). The risk of 
febrile morbidity, the frequency of endometritis, and the length of hospitalization were similar in the two 
groups. Our results do not support the routine use of the Auto Suture Poly CS 57 disposable surgical 
stapler in low transverse cesarean sections. (AM J Osstet GyNecoL 1990;163:1641-6.) 


Key words: Absorbable staples, cesarean section 


The Auto Suture Company has marketed the Auto 
Suture Poly CS* 57 disposable surgical stapler with a 
disposable loading unit of copolymer Lactomer* ab- 
sorbable staples. The loading units cost approximately 
$200 per patient. This device has gained acceptance in 
many surgical specialties. Unlike the original stapling 
device with metal staples,’'? the use of the Lactomer 
absorbable surgical staples for hysterotomy has been 
shown not to impair subsequent fertility in nonhuman 
primates.’ It has therefore been suggested that this sta- 
pling device could be used as an alternative to the 
standard hysterotomy procedure in human cesarean 
section. 

The Auto Suture Poly CS 57 disposable surgical sta- 
pler could offer advantages over the standard hyster- 
otomy procedure. First, the stapling device was de- 
signed to reduce the amount of bleeding caused by 
the hysterotomy and hence should lower the risk of 
transfusion-related complications. Second, the inert co- 
polymer staples do not compromise the microcircula- 
tion of the uterine wall as much as the absorbable su- 
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tures do, leading to less inflammation and less ischemia 
in the uterine healing process. These two characteristics 
should diminish the risk of infection and favor a more 
resistant hysterotomy healing for subsequent vaginal 
deliveries. The less inflammation in the vesicouterine 
space, the less adherent will be the bladder to the lower 
uterine segment in the event of a repeat cesarean sec- 
tion. Furthermore, if the Auto Suture Poly CS 57 dis- 
posable surgical stapler could reduce the frequency of 
endometritis after a cesarean section, as recently sug- 
gested by Burkett et al.,* then hospital stay and costs 
could be lowered too. Finally, by reducing bleeding the 
Auto Suture Poly CS 57 disposable surgical stapler 
could shorten operating time. 

To our knowledge, only one previous study has eval- 
uated the use of surgical staples for cesarean section in 
human beings,’ and it was not a randomized controlled 
trial. The purpose of our study was to assess whether 
performance of a low transverse hysterotomy with the 
Auto Suture Poly CS 57 disposable surgical stapler in 
cesarean section, in comparison with a standard hys- 
terotomy procedure, reduces blood loss, operating 
time, febrile morbidity, and length of postoperative 
hospitalization. 


Material and methods 

The study was carried out at Saint-Sacrement Hos- 
pital, a hospital affiliated with Laval University in Que- 
bec City, Quebec, Canada. All patients who needed a 
cesarean section from Nov. 18, 1987, to April 14, 1989, 
were eligible for the study. Patients who agreed to par- 
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Fig. 1. Schematic view and nomenclature of the Auto Suture Poly CS 57 disposable surgical stapler 
and Auto Suture Poly CS 57 disposable surgical stapler loading unit. 


ticipate signed an informed consent form. The study 
was approved by the hospital's ethics committee. 
Women enrolled in the study were randomly allocated 
to one of two hysterotomy techniques: hysterotomy 
with the Auto Suture Poly CS 57 disposable surgical 
stapler or standard hysterotomy. The allocation scheme 
was generated with a table of random numbers and the 
randomization was achieved with a series of sealed 
numbered envelopes. . | 

All cesarean sections were performed by the attend- 
ing physician and a resident. The whole procedure was 
the same for the two groups except for the hysterotomy 
technique. In the group with the standard technique, 
the lower uterine segment was incised with a scalpel on 
a distance of 2 cm after the bladder was reclined down- 
ward. The incision was extended bilaterally in a trans- 
verse fashion with bandage scissors or by digital trac- 
tion. In the group with the stapler, a 2-cm hysterotomy 
incision was made with a scalpel in the lower uterine 
segment. ‘The stapling device (Fig. 1) was then intro- 
duced between the membranes and the uterine wall 
with its distal end pointed laterally and slightly upward. 
The stapler was then fired, which caused two columns 
of eight absorbable staples each to be applied parallel 
to the lower uterine segment. As the staples were closed, 
a cutting device was then activated and the hysterotomy 
was performed between the two rows of staples. The 
same procedure was repeated on the other side. The 
membranes were ruptured and the infant was deliv- 
ered. Extreme caution was taken not to include any 


fetal parts or umbilical cord in the stapling device. Once 


the placenta was delivered, the hysterotomy was closed 
with a single layer of absorbable chromic catgut suture 
0, taking care to symmetrically appose the two rows of 
staples. This continuous nonlocked suture was passed 
through the middle of each staple starting at the lateral 
extremity on each side of the hysterotomy and ending 
at the center. 

Antibiotic prophylaxis was given to all patients who 
had been in labor for >6 hours or had their membranes 
ruptured for >6 hours. Prophylaxis consisted of intra- 
venous administration of cefazolin 1 gm or cefoxitin 2 
gm at the time the umbilical cord was clamped. During 
the procedure the nursing staff systematically recorded 
the operating time. Different time spans were calcu- 
lated: time from abdominal wall incision to birth, time 
from opening of the uterus to uterine closure, and total 
operating time from abdominal wall incision to abdom- 
inal wall closure. 

Immediately after the cesarean section the surgeon 
recorded his/her subjective assessment of total blood 
loss and his/her assessment of blood loss attributed to 
the hysterotomy. Technical difficulties or complications 
related to the use of the stapling device were also noted. 

The coagulation parameters (prothrombin time, par- 
tial thromboplastin time, and bleeding time) and the 
hemoglobin value were obtained for all patients before 
the cesarean section. The difference between the he- 
moglobin concentration at admission and the hemo- 
globin concentration on the second postoperative day 
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Table I. Characteristics of the patients in the two study groups 


Hysterotomy with 





stapling device Standard hysterotomy 

Characteristics p Value 
Age (yr)* 29.4 + 0.4 29.5 + 0.4 0.82 
Primiparous patients (%) 33.7 45.1 0.13 
Admission weight (kg)* 75.6 + 1.4 73.6 + 1.2 0.27 
Multiple gestations (%) 5.1 4.9 1.00 
Labor before cesarean section (%) 74.5 68.6 0.45 
Intact membranes at cesarean section 78.6 68.6 0.15 - 

(%) 

Peridural anesthesia (%) 95.9 93.1 0.58 
Antibioprophylaxis (%) 18.4 24.5 0.38 
Abnormal coagulation tests (%) DA 5.9 1.00 
Primary cesarean section (%) 42.9 56.9 0.07 
Tubal ligations (%) 25.5 21.6 0.62 
Birth weight =4000 gm (%)t 14.0 11.3 0.74 
Birth weight (gm)*f 3498 + 49 3429 + 46 0.31 


*Mean + SEM. 
tAmong singletons. 


was calculated for each patient. Medical charts were 
reviewed by one of us (M. V.) to establish the presence 
of postoperative febrile morbidity according to Monif’s 
criteria, document the presence of immediate post- 
operative morbidity, and estimate the length of post- 
operative hospitalization. 

Statistical differences between the two study groups 
were assessed by the Student ¢ test for means and by 
the x’ or Fisher exact tests for proportions. 


Results 


Of the 386 patients who had a cesarean section dur- 
ing the study period, 200 were included in the trial. 
Among the 186 nonparticipants, 43 (23.1%) refused to 
participate, 41 (22.0%) needed an emergency cesarean 
section and could not have the protocol explained to 
them, 91 (48.9%) were not approached because their 
obstetrician either omitted the explanation (78) or re- 
fused to explain the protocol (13), and 11 (5.9%) were 
excluded because of other miscellaneous reasons. The 


proportions of repeat cesarean sections and of elective ' 


interventions were higher among participants (50.5% 
and 33.5%, respectively) than the proportions among 
nonparticipants (25.8% and 25.3%, respectively). 
Among the 200 enrolled subjects, 102 were random- 
ized to the standard technique and 98 to the stapling 
device. Ten subjects had a standard hysterotomy albeit 
they were allocated to the stapler group. Of these, two 
belonged to the first 100 enrolled subjects and eight to 
the second 100 patients. The reasons for protocol de- 
viation were as follows. For two patients, the surgeon 
forgot about the stapling device and extended the 2 cm 
hysterotomy with his fingers. In three women, two of 
whom had a prolonged bleeding time, the stapling de- 
vice could not be inserted because of substantial bleed- 
ing from the small hysterotomy site. Two other patients 


had a spontaneous uterine dehiscence after the 2 cm 
scalpel hysterotomy. Three cases were considered tech- 
nically too difficult (e.g., overweight patient with two 
previous cesarean sections). 

Finally, two patients from the stapler group had a 
hysterotomy with staples combined with a scalpel or 
manual extension of hysterotomy. In one of these pa- 
tients, an inverted “T” incision was needed to deliver 
a fetus in transverse lie; in the other patient, the ob- 
stetrician abandoned the stapler because the stapler 
insertion on the first side caused a uterine tear and 
active bleeding. 

Patient characteristics in the two study groups. Pa- 
tients were considered to be in the group to which they 
had been allocated, whether or not the stapling device 
was used. Baseline characteristics of the study groups 
are shown in Table I. Nine obstetricians participated 
in the study. The distribution of patients according to 
the obstetrician involved in the procedure was similar 
in the two groups. Except for a lower proportion of 
primary cesarean sections in the group with the stapling 
device, the two groups harbored only small differences 
with regard to the factors that could influence the study 
outcomes. Eight patients in the stapling device group 
(8.2%) and 12 (11.8%) in the standard hysterotomy 
group had more than one previous cesarean section 
(x? = 0.37, 1 degree of freedom”, p = 0.54). All pre- 
vious incisions were low transverse. Besides tubal li- 
gations, no additional interventions were performed in 
elther group. The proportion of patients who were in 
labor or had their membranes ruptured before the ce- 
sarean section did not differ between the two groups. 
Among patients in labor, the mean duration of labor 
was similar in both groups: 9.9 (SEM, 1.2) hours in the 
stapler group versus 10.1 (SEM, 0.9) hours in the stan- 
dard technique group (t = 0.10, 55 degrees of free- 
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Table II. Comparison of blood loss and hemoglobin deficit between the two study groups 





Blood loss and 
cesarean type 





Total blood loss 
(ml) 


Primary cesar- 42 510 + 38 100-1100 

ean section 

Repeat cesar- 56 479 + 3] 100-1000 

ean section 

TOTAL 98 492 + 24 100-1100 © 
Blood loss due to 

hysterotomy 

(ml) 

Primary cesar- 42 239 + 31 0-900 

ean section 

Repeat cesar- 56 241 + 26 0-900 

ean section 

TOTAL 98 240 + 20 0-900 
Hemoglobin def- 

icit (gm/d)t 

Primary cesar- 42 1.2 = 0.2 ~ 1.4-3.8 

ean section 

Repeat cesar- 56 1.1 0] — 1.5-3.8 

ean section 

TOTAL 98 Lia = 01 — 1,5-3.8 


*One subject excluded because of missing information. 


Hystevotomy with stapling device Standard hysterotomy 





58 572 + 39 100-1500 0.27 
44 587 + 71 80-2500 0.17 
102 579 + 38 80-2500 0.05 
57% 291 + 39 50-1500 0.30 
44 297 + 47 20-1500 0.30 
101* 294 + 30 20-1500 0.14 
58 14+ 0.1 — 0.9-4.1 0.23 
44 1.0 + 0.2 — 1.2-4.8 0.42 
102 L2 0s) — 1.2-4.8 0.59 


Difference between the hemoglobin at admission and the hemoglobin on the second postoperative day. - 


dom, p = 0.92). The duration of membrane rupture 
averaged 12.7 (SEM, 1.5) hours for the patients in the 
stapler group versus 10.4 (SEM, 1.0) hours for the pa- 
tients with the standard technique {t = 1.29, 51 degrees 
of freedom, p = 0.20). 

Blood loss and operating time according to the hys- 
terotomy procedure. Subjective assessment by the ob- 
stetrician of total blood loss and of blood loss as a result 
of the hysterotomy led to lower estimates for the group 
with the Auto Suture Poly CS 57 disposable surgical 
stapler technique in primary as in repeat cesarean sec- 
tions (Table II). However, the differences in mean 
blood loss between the two groups were rather small, 
varying between 52 and 109 ml according to the mea- 
sure and the subgroup of subjects considered. Only the 
difference in the total blood loss between the two study 
groups reached statistical significance (mean + SEM, 
492 + 24 vs 579 + 38 ml, p = 0.05). The fall in the 
hemoglobin concentration from admission to the sec- 
ond postoperative day was very similar in the two 
groups and did not differ significantly from one group 
to the other. Only one patient, belonging to the stan- 
dard group, required a perioperative transfusion. 

The mean durations of the operative phases are 
shown in Table III. The time from uterine incision to 
closure of hysterotomy was not shortened by the use 
of the stapling device. Instead, all operative phases 
tended to be of longer duration with the use of the 
stapling device as compared with standard procedure. 
However, the largest difference observed reached only 
5 minutes and concerned the total operating time in 
primary cesarean sections (42 vs 37 minutes, p = 0.03). 


Exclusion from the stapled group of the 10 subjects 
for whom the staples were not used did not alter the 
results presented here. 

Technical difficulties related to the use of the sta- 
pling device for hysterotomy. In 40 of the 88 patients 
(45.5%) for whom the Auto Suture Poly CS 57 dispos- 
able surgical stapler was used, the surgeons did not use 
all the staples available. The number of unused staples 
varied between two and 16 and averaged five. The rea- 
sons given for not using all staples were: no hold in the 
tissues (two subjects), stapler too long (35 subjects), sta- 
ples not staying closed (two subjects), uterine tear while 
passing the stapler (one subject). 

Accidental extension of the hysterotomy was re- 
ported in 37 (42%) patients. Significant bleeding orig- 
inating from the hysterotomy extensions was observed 
in 62.2% of these 37 patients. The length of the ex- 
tension ranged from | to 5 cm with an average of 2.9 
cm. An extension of the hysterotomy occurred in 31% 
of the patients for whom all staples were used, whereas 
it was reported in 55% of those for whom some staples 
were not used. Accidental extension of the hysterotomy 
was not less frequent in the second half of the study 
(45.0%) than in the first (39.6%). 

In six of 88 patients, bleeding from the hysterotomy 
occurred because a uterine vein was accidentally punc- 
tured by the retaining pin of the stapler. 

No major complication or fetal injury was encoun- 
tered with the use of the stapling device. 

Postoperative febrile morbidity and hospital stay. 
Four (4.1%) patients from the stapler group and six 
(5.9%) from the standard hysterotomy group had fe- 


Volume 163 
Number 5, Part 1 


Surgical staples and cesarean section 1645 


Table III. Comparison of operating time between the two study groups 






Operating time (min) and 
cesarean type 





From abdominal incision 
to birth 


Hysterotomy with stapling device Standard hysterotomy 


Primary cesarean section 4] 11.4 + 0.5 

Repeat cesarean section 56 12.4 + 0.6 

TOTAL 97 12.0 + 0.4 
From uterine incision to 

closure of hysterotomy 

Primary cesarean section 4] 1S, 0.7 

Repeat cesarean section 56 12.6 + 0.5 

TOTAL 97 12.8 + 0.4 
From abdominal incision 

to closure of the wound 

Primary cesarean section 4] 42.2+ 1.8 

Repeat cesarean section 56 42.7 + 1.7 

TOTAL 97 42.5 + 1.2 






5-18 57 10.1 + 0.7 4-30 0.12 
6-33 43 ILZ = 0.7 4-25 0.43 
5-33 100 10.8 + 0.5 4-30 0.06 
3-30 57 12.9 + 0.8 5-35 0.84 
5-23 43 11.3 + 0.6 4-21 0.09 
3-30 100 12.2 + 0.5 4-35 0.35 
20-73 57 37.0 + 1.6 5-60 0.03 
20-79 43 42.0 + 1.8 26-80 0.77 
20-79 100 39.2. 2°12 5-80 0.05 


*One subject from the group with stapling device and two subjects from the group with standard hysterotomy are excluded 


because of missing information on operating times. 


brile morbidity according to Monif’s criteria (Fisher 
exact test, p = 0.75). In the stapler group, two of these 
cases of febrile morbidity were attributed to endome- 
tritis and two fevers were of unknown origin. In the 
group with the standard procedure, the fever was at- 
tributed to wound infection in two patients, to endo- 
metritis in one patient, and was of unknown origin in 
three subjects. The mean postoperative stay was iden- 
tical in the two groups (mean + SEM, 6.3 + 0.1 
days). 


Comment 


To our knowledge, this is the first randomized trial 
comparing the Auto Suture Poly CS 57 disposable sur- 


gical stapler with the standard procedure in low trans- . 


verse hysterotomies for cesarean sections. Our results 
indicate that the operating times, the risk of febrile 
morbidity, and the postoperative hospital stay are not 
reduced with the use of the stapling device for this 
operation. Subjective assessments of blood loss were 
somewhat lower for patients in the stapler group. How- 
ever, the differences were small and of questionable 
clinical significance. Moreover, when objectively esti- 
mated by the hemoglobin deficit measured on the sec- 
ond postoperative day, blood loss did not differ ac- 
cording to the hysterotomy technique. 

Our results are only partly consistent with those pub- 
lished by Burkett et al.* In their retrospective study of 
62 cesarean sections with staples and an equal number 
of cesarean sections without staples, these authors ob- 
served, as we did, a longer operating time in the pri- 
mary cesarean sections with staples than in the nonsta- 
pled group. On the other hand, the deficit in hemo- 
globin reached statistical significance in their study, 
whereas it did not in ours. But the main difference in 
the results from the two studies concerns the effect of 
the stapling device on the risk of endometritis. Burkett 


et al.* reported a significant reduction in the frequency 
of endometritis from 22.5% in the nonstapled group 
to 6.4% in the stapled group. They could not provide 
an explanation neither for this large difference be- 
tween the two study groups nor for the unusually high 
frequency of endometritis in their study population. 
The reduction of endometritis observed with the sta- 
ples shortened the length of hospital stay and substan- 
tially reduced the costs related to the hospitalization in 
that group. Such benefits were not observed in our 
study population, in whom the overall endometritis rate 
was much lower (1.5%). 

According to the obstetricians who used the stapler 
within our study, a traction applied on the lower uterine 
segment with an Allis forceps while introducing the 
stapler facilitated the procedure and allowed a more 
horizontal and thus a longer incision. Furthermore, 
there is probably room for improvement in the design 
of the stapling device. In our opinion, the most im- 
portant complication related to the stapler is the bleed- 
ing that sometimes occurs at the site of the retaining 
pin. This pin is situated at the distal extremity of the 
stapling device, outside the last staple. Although the 
retaining pin is important to assure an adequate closure 
of the staples, its actual location outside the last distal 
staple is disturbing. If the lower uterine segment hap- 
pens to be highly vascularized, this pin can puncture a 
uterine vein and cause substantial bleeding. This ex- 
plains why the operator in 35 of our study patients 
considered the stapler “too long” and did not use all 
the staples available. In those cases, rather than using 
the whole length of the stapler and risking a uterine 
vessel puncture by the retaining pin, the operator chose 
to insert only part of the stapler in the uterus and to 
clip off the excess staples present at the medial extrem- 
ity of each hemihysterotomy. 

In conclusion, given the cost of the stapling device 


Villeneuve et al. 


and the absence of marked benefits from its use, our 
study does not support the routine use of the actual 
Auto Suture Poly CS 57 disposable surgical stapler in 
low transverse hysterotomies for cesarean sections. 
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The associated anomalies that determine prognosis in 


congenital omphaloceles 


Marisa Tucci, MD, and Harry Bard, MD 
Montreal, Quebec, Canada 


Congenital abdominal wall defects such as omphaloceles can be recognized by fetal ultrasonography. To 
determine whether associated anatomic features may be useful in determining fetal prognosis, a 
retrospective study was performed over a 5-year period. There were 28 cases of omphalocele; 16 were 
larger than 5 cm and classified as giant, and the remainder were considered small. Eleven of the 12 
infants with small omphaloceles survived with minimal neonatal complications. Ten of the 16 infants with 
giant omphaloceles died because of associated congenital anomalies. These were congenital heart 
disease, central nervous system malformations, and diaphragmatic hernias. This review suggests that the 
prognosis is good when a prenatal diagnosis of giant ornphalocele is made and careful fetal 
ultrasonography, including echocardiography, does not identify heart, central nervous system, or 
diaphragmatic malformations, even when there is liver herniation into the omphalocele. (AM J OBSTET 


GYNECOL 1990;163:1646-9.) 


Key words: Congenital abdominal wall defects, omphalocele, prenatal diagnosis 


The incidence of omphaloceles is reported to be 1 in 
4000 to 5000 live births.’ The current widespread use 
of prenatal fetal ultrasonography enables the early de- 
tection of abdominal wall defects, che most common of 
which are omphaloceles. It also permits the possible 
identification of other fetal anomalies frequently as- 
sociated with this defect.” However, for the antenatal 
findings to be better used in predicting prognosis, it is 
important to have information on the short-term out- 
come of these infants, especially those with large om- 
phaloceles. A high incidence of major congenital anom- 
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alies has been reported in infants with giant ompha- 
loceles; the prognosis has been considered especially 
poor when there is liver herniation into the ompha- 
locele.** 

The object of this study was to compare the infants 
with congenital omphaloceles whe survived with those 
who died. On the basis of the differences found, this 
could lead to a better identification during prenatal 
ultrasonography of those fetuses with a good prognosis. 


This information could be particularly important to 


obstetricians, pediatric surgeons, and neonatologists. 


Methods 


A total of 28 infants born with omphaloceles over a 
5-year period (1984 to 1988, inclusively) were identified 
at our institution. Sainte-Justine Hospital is a regional 
university perinatal center. This tertiary. care center 
specializes in high-risk obstetrics and has approximately 
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Table I. Infants with giant omphalocele who did not survive (n = 10) 












Presence of 
diaphragmatic 


hernia 














Age at death 
(days) 


Other important major 
malformations 


Presence of 
liver 


Gestational age 
classification? 








Karyotype 


TAGA $ + = 25 NA 
TSGA + = Tetralogy of Fallot 27 N 
Cerebral frontal hy- 
poplasia* 
PoAGA = = Cerebral atrophyt 13 N 
Cyst third ven- 
triclet 
Hypoplasia corpus 
callosumt 
Large ASD 
PrAGA + T Complex cardi- l N 
opathy 
(Tetralogy of Fallot, 
PDA, large VSD, 
bicuspid pulmo- 
nary valve){ 





PrAGA + = Diffuse cerebral hy- l N 
poplasiat 
PDA 
TAGA a = Olfactory tract and l NA 


bulb agenesis 
Bilateral hippocam- 
pal hypoplasia 
Corpus callosum 
hypoplasia 
Large ASD and 
VSD 
Double-outlet right 
ventricle 
Anomalous tricus- 
pid valve 
Sacral agenesis 
Complete bilateral 
cleft palate 
TAGA + = Type III esopha- 370 N 
geal atresia£ 
VSD, interventricu- 
lar septal aneu- 
rysm, biventricu- 
lar hypertrophy 
PrAGA + = Left lung hypo- 15 N 
plasiat 
Leukomalacia of ce- 
rebral hemi- 


spheres 
TAGA _ — Total anomalous 93 NA 
venous return, 
multiple VSD, 
dextrocardia 
TSGA + + ~ l NA 


N, Normal; NA, not available; PDA, patent ductus arteriosus; ASD, atrial septal defect; VSD, ventricular septal defect; TAGA, 
term appropriate for gestational age; TSGA, term small for gestational age; PoAGA, postterm appropriate for gestational age; 
PrAGA, pre-term appropriate for gestational age. 


*Anomaly noted on cerebral ultrasonography (no autopsy performed). 
tAnomalies noted on cerebral computerized tomography (no autopsy performed). 
tAnomalies noted on autopsy. 


4000 deliveries per year, of which one third are high- center for about 40,000 deliveries per year, including 
risk deliveries. It is a center to which mothers and new- a significant number of congenital anomalies necessi- 
borns are transferred from a variety of institutions tating surgical intervention. In the majority of preg- 
ranging from small rural hospitals to other teaching — nancies in the province of Quebec (90%) at least one 


centers in the province. The hospital is the reference ultrasonographic examination is performed routinely, 
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Table II. Infants with giant omphalocele who survived (n = 6) 











Gestational age 
classification? 


Presence of 
liver 





TAGA + 
TAGA T 
TAGA s> 
TAGA -= 
TSGA + 
TAGA + 


Presence of 
diaphragmatic 
hernia 










Other imbortant 
majar 
malformations 





= Trisomy 21 
N 


oa N 





N, Normal; NA, not available; TAGA, term appropriate for gestational age; TSGA, term small for gestational age. 


usually between 16 and 20 weeks’ gestation with other 
ultrasonographic examinations if indicated. 

A retrospective analysis of the charts of 28 cases of 
omphalocele was performed. The elements most spe- 
cifically sought were size of the omphalocele and its 
characteristics, associated malformations, and outcome. 
Cardiac anomalies were diagnosed by echocardiogra- 
phy. The infants were classified in accordance with the 
University of Colorado intrauterine growth charts.® 
These infants were divided into two groups: those with 
giant and those with small omphaloceles. Omphaloceles 
were classified as giant if =5 cm in diameter.** 


Results 


A totals of 28 cases of central omphaloceles were 
reviewed. Among these, 12 were <5 cm and could 
therefore be labeled as small omphaloceles, whereas 16 
were deemed giant because they were 25 cm in di- 
ameter. There was no significant predominance of ei- 
ther sex. 

In the group of 12 infants with small omphaloceles, 
eight infants were born at term (with one small 
for gestational age and seven appropriate for gesta- 
tional age), one was postterm appropriate for gesta- 
tional age, and three were preterm appropriate for 
gestational age. Among the three preterm infants, the 
most premature was born at 29 weeks’ gestation; the 
other two were born at 34 and 35 weeks’ gestation. 
Meckel’s diverticulum was noted in four of these 
infants. Ileal atresia was present in one case. 
Beckwith-Weidemann syndrome with macroglossia and 
hypoglycemia was suspected in one infant. One infant 
had trisomy 21. Only one infant died in this group of 
12 with small omphaloceles. This unpreventable death 
was not related to the presence of an omphalocele. The 
infant’s mother had premature rupture of the mem- 
branes at 19 weeks’ gestation. The infant was born at 
29 weeks’ gestation and had evidence of lung hypopla- 
sia. Unfortunately, autopsy was refused by the parents. 
The other 11 infants in this group with small ompha- 
loceles had no significant problems and had excellent 
outcomes with no complications. 

There were 16 infants in our study who were clas- 


sifed as having giant omphaloceles. In this group 12 
were term (nine were appropriate for gestational age 
and three were small for gestational age), one was post- 
term appropriate for gestational age, and three were 
preterm appropriate for gestational age. Among the 
three preterm infants, the most premature was born at 
29 weeks of gestation; the other two were born at 34 
and 35 weeks of gestation. Ten of these 16 infants with 
giant omphaloceles died. Table I lists the major anom- 
alies in these 10 infants. Five had severe congenital 
heart defects. There were three infants with diaphrag- 
matic hernias and two with central nervous system mal- 
formations. One infant died of respiratory complica- 
tions after abdominal wall closure and had no evidence 
of other associated malformations. 

Among the six infants with giant omphaloceles who 
survived, none had associated severe malformations. 
Table II lists the major features found in those who 
survived. One infant in this group had trisomy 21. Four 
of the infants in the group of six survivors had evidence 
of liver herniation into the omphalocele. 


Comment 


The purpose of this study of omphaloceles was to 
redefine or confirm the influence of various features 
on the outcome of affected infants. The size of the 
defect is a factor known to be of prognostic importance. 
Previous studies have already ascertained that small 
omphaloceles are rarely associated with other severe 
anomalies and have an excellent prognosis. The prog- 
nosis of newborn infants with giant omphaloceles is not 
as good. The outcome in these infants is influenced by 
several factors, in particular the type of malformations 
frequently found to be associated with large ompha- 
loceles.* >” All but one of the infants with small om- 
phaloceles survived, whereas fewer than half of the 
infants with giant omphaloceles survived. Those with 
giant omphaloceles who died had at least one major 
congenital anomaly in addition to omphalocele. Those 
who survived had no other major anomalies. 

It is evident that the presence of a giant omphalocele 
with multiple anomalies is indicative of a poor prog- 
nosis. Among the numerous anomalies found in these 
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infants, one that is particularly indicative of a grave 
prognosis is the presence of the diaphragmatic hernia. 
All three infants in our study who had giant ompha- 
loceles and diaphragmatic hernias did not survive. The 
two organ systems that, when affected, seemed to play 
a more important role in determining outcome were 
the brain and heart. All infants with either central ner- 
vous system anomalies or major congenital heart de- 
fects died. 

Studies in the past have suggested that liver hernia- 
tion is associated with a neonatal death rate as high as 
88%.>* It would be logical to state that the presence of 
liver among the herniated viscera may indeed be an 
indication of the importance of the defect. In this study, 
the presence of a herniated liver alone was not of prog- 
nostic importance in relation to survival. In fact, on the 
basis of this small series, a fetus with a giant ompha- 
locele without any other major anomaly, even when the 
liver is herniated, can have a good prognosis. 

Whenever a congenital omphalocele is suspected, tar- 
geted prenatal ultrasonographic examination by qual- 
ified obstetricians or radiologists to recognize detailed 
fetal anomalies becomes crucial. With the use of fetal 
echocardiography, recognition of congenital heart de- 
fects is possible and could allow antenatal detection of 
severe cardiac malformations.’ A methodical, rigorous 
use of imaging technology by qualified individuals 
would permit the identification of those aforemen- 
tioned features that are indicative of a graver prognosis. 
Other diagnostic tests such as amniocentesis and fetal 
blood sampling by cordocentesis may be appropriate. 
Consequently, realistic expectations can be explained 
to parents, and a rational management for the further 
conduct of the pregnancy can be formulated. 
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In summary, the features identified as having the 
most influence on the outcome of an infant with an 
omphalocele were (1) whether the ompalocele was qual- 
ified as giant, (2) the existence of multiple associated 
congenital anomalies (especially central nervous system 
or congenital heart defects), and (3) the presence of a 
diaphragmatic hernia. Despite the size of the defect, 
even when the liver is herniated, the absence of other 
associated major malformations could be indicative of 
good prognosis. 
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Current Development 


Ultrasonographic assessment of placental abnormalities 


Eric Jauniaux, MD,* and Stuart Campbell, FRCOG 
London, England 


Current ultrasonographic techniques cffer a novel approach for the identification of a wide variety of 
placental abnormalities usually described postnatally by the pathologist. Placental vascular lesions, 
placental tumors, and abnormal placentation are potentially associated with perinatal complications and 
their diagnosis in utero may influence the pregnancy management. An ultrasonographic classification of 
placental lesions that is based on their location, size, echogenicity, and number is proposed. Repeated 
ultrasonographic examination, together with biologic investigations, is important for the prenatal differential 
diagnosis of most of these lesions and for full understanding of their pathophysiologic characteristics and 


significance. (AM J OBsTET GYNECOL 1990;163:1650-8.) 


Key words: Ultrasonography, placenta, prenatal diagnosis 


Recognition of normal and abnormal placental fea- 
tures is a prerequisite for the interpretation of ultra- 
sonographic images. However, despite >20 years of 
experience in examination of the placenta in utero by 
ultrasonography, controversies still exist regarding the 
terminology and the significance of different placental 
ultrasonographic features. 

The purpose of this work is to review the different 
placental ultrasonographic abnormalities together with 
their pathophysiologic and clinical implications. 


Placental development and maturation 


The development of the placenta has always attracted 
considerable interest from both anatomists and ultra- 
sonographers. Combined studies using transvaginal ul- 
trasonography, hysteroscopy, chorionic villus sampling, 
and hysterectomy specimens from the first trimester of 
pregnancy have recently indicated the absence of con- 
tinuous blood flow in the intervillous space before 
12 weeks of gestation.’* During the first trimester of 
pregnancy, the placenta is bathed by a clear fluid prob- 
ably composed of maternal plasma and uterine gland 
secretions.’*. After 12 weeks the trophoblastic plugs in 
the spiral arteries that are still remaining from the first 
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extravillous trophoblastic wave no longer obliterate the 
uteroplacental arteries, and a real circulation is then 
established. ' 

Ultrasonographic evidence of placental textural 
changes in vivo were reported in early studies during 
the second and third trimesters.** A ultrasonographic 


_ classification system for grading placentas in utero was 


developed by Grannum et al.” The placental matura- 
tional changes were determined by use of a contact 
B-scanner and graded from 0 to III. These placental 
changes were correlated with fetal pulmonic maturity 
evaluated in utero by amniotic fluid lecithin/sphingo- 
myelin (L/S) ratios obtained by amniocentesis. An idea! 
correlation of 100% was found between placental grade 
III and mature L/S ratios, suggesting that ultrasono- 
graphic placental grading might replace amniocentesis 
as a standard test to assess fetal pulmonic maturity. 
Other authors®?’ presented similar results using real- 
time ultrasonography. However, larger studies showed 
that the sensitivity of the placental grading system as 
an indicator of pulmonic maturity was poor.’*™ In ad- 
dition, this system falsely predicted fetal lung maturity 
in 8% to 42% of the cases and was therefore not ac- 
curate enough to replace amniocentesis for this pur- 
pose.’*'* A modified classification that is based on mul- 
tiple placental ultrasonographic sections was also pro- 
posed, suggesting that placentas should be considered 
mature only when grade III changes are present in all 
sections.” 

Various interpretations of the placental structural 
changes, interobserver variation in scanning technique, 
and heterogeneity of the study groups are probably 
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Table I. Differential diagnosis of principal placental lesions reported in the literature 


Sonographic features 


Multiple sonolucent areas limited to the placental 
periphery (Fig. 1, A) 

Single sonolucent or hypoechoic area surrounded 
by a thin membrane (Fig. 1, C and F) 

Single hyperechoic area surrounded by a thin mem- 
brane (Fig. 1, £) 

Well-circumscribed heterogeneous mass protruding 
into the amniotic cavity (Fig. 2) 

Small sonolucent area in the center of the cotyledon 











Location Pathologic classification 


Circumvallate placenta 
Circummarginate placenta 
Subamniotic cyst 

Old subamniotic hematoma 
Recent subamniotic hematoma 


Fetal plate 


Chorioangioma 


Placental tissue Centrocotyledonary cavity 


Large sonolucent area (Fig. 3, A) 


Large hyperechoic area (Fig. 3, C and E) 


Multiple sonolucent areas of various sizes and 


shapes (Fig. 4) 


Maternal plate Large hyperechoic area 


Large sonolucent or hypoechoic area 





responsible for the controversies generated by the pla- 
cental grading system. Nevertheless, all these studies 
have highlighted that complicated pregnancies have a 
different maturation pattern than normal pregnancies. 
This important clinical finding was confirmed by fur- 
ther selective studies. Pregnancies complicated by 
chronic hypertension or preeclampsia and/or intra- 
uterine growth retardation present an accelerated pla- 
cental maturation, whereas diabetes and maternal-fetal 
rhesus incompatibilities are associated with delayed pla- 
cental maturation. Earlier maturational changes were 
also described in twin gestations, as compared with sin- 
gleton gestations,'’? and after exposure to maternal 
smoking.'* ° Pregnant women with mature placental 
appearance (grade III) on ultrasonography between 34 
and 36 weeks’ gestation have an increased risk of prob- 
lems during labor, and their babies have an increased 
risk of low birth weight, intrapartum distress, and peri- 
natal death.’ This study also demonstrated that there 
was a significant decrease in the risk of perinatal death 
when the grading was known by the clinician respon- 
sible for care.’ 

Most of the above-mentioned studies refer to pla- 
cental senescence or aging to explain the placental mat- 
urational changes observed by ultrasonography. Light 
or electron microscopic study of villi from term pla- 
centa does not indicate an aging process.”° Further- 
more, the total placental deoxyribonucleic acid levels 
continue to rise in a linear fashion until, and beyond, 
the fortieth week of gestation.” Therefore the placental 
ultrasonographic changes should not be considered as 
the morphologic hallmarks of placental senescence. 

Several authors have attempted to reproduce in vitro 
the ultrasonographic morphologic features observed 
in vivo." *** In early studies the placentas were not 
always fixed immediately and some changes observed 


Large avillous zone (cavern) 

Septal cyst 

Early stage of thrombosis formation 
Old thrombosis 

Infarct 

Hydatidiform transformations 


Recent retroplacental hematoma 
Old retroplacental hematoma 


in vivo were not found in vitro; furthermore, new 
features were probably created during placental col- 
lapse." ’ More satisfactory results were obtained with 
the use of a perfusion system in vitro, to avoid placental 
collapse.~ Sonolucent areas or central echo-free spaces 
have been correlated with avillous zones, and the pe- 
ripheral echoes with septal calcification and fibrin de- 
position." ° 


Classification of placental 
ultrasonographic lesions 


Many inaccurate and misleading expressions have 
been used by sonographers to described placental 
pathologic lesions. This is probably because of the fact 
that little attempt has been made to compare ultraso- 
nographic and postpartum findings. The location, the 
shape, and the echogenicity of the lesion and the num- 
ber of lesions are the principal ultrasonographic fea- 
tures for the prenatal differential diagnosis of placental 
abnormalities (Table I). 

Placenta extrachorialis. Placenta extrachorialis is 
characterized by a transition of membranous to villous 
chorion within the placental disk at a variable distance 
from the placental edge.” **** Between 18% and 30% 
of placentas are of the extrachorial variety.” Two an- 
atomic entities have been described: circummarginate 
placentas, which have a flat ring of membranes made 
up only of amnion and chorion, and circumvyallate pla- 
centas, which have a raised, often rolled ring of mem- 
branes, containing amnion, chorion, and decidual 
tissue. 

Circummarginate placentas are practically asymp- 
tomatic.” In contrast, circumvallate placentas are as- 
sociated with a relatively high rate of premature rup- 
ture of the membranes, antepartum bleeding, and pre- 
term onset of labor.’ * These complications are 
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Fig. 1. A, Transverse scan at 20 weeks of gestation of the marginal zone of the placenta, showing 


sonolucent areas over the fetal plate (arrow). These abnormalities were found only near the placental 


edge. B. Pathologic examination demonstrated a circumvallate placenta. C, Transverse and longi- 
g S 


tudinal scans of a single sonolucent subamniotic area (asterisk) at 32 weeks corresponding to a 


subamniotic cyst (D) (asterisk). E and F, Longitudinal sonograms at 24 and 32 weeks, respectively, 


showing hyperechogenic placental lesions on the top of the fetal plate (stars), surrounded by a thin 


membrane (arrows). The lesion becomes less echogenic as the clot resolves. G, Pathologic examination 


revealed an old subamniotic hematoma (star). 


probably due to a lack of adaptation of the rigid pla- 
cental edge with tearing of membranes as the uterine 
wall stretches in the second half of gestation. 

Multiple subamniotic sonolucent areas of various 
sizes and shapes, located in the periphery of the pla- 
centa (Fig. 1, A and B) are the main ultrasonographic 
features of this form of placentation.” 

Cytotrophoblastic cysts. Cytotrophoblastic cysts usu- 
ally have a single, round or oval cavity, containing a 
gelatinous material.” ***' They can be divided into sep- 
tal cysts when they are located within the placental tis- 
sue and subchorionic cysts when they are on the fetal 
surface beneath the chorionic vessels.” ~’ 

These cysts are isolated from the placental circulation 
and appears ultrasonographically as single sonolucent 
areas (Fig. 1, C and D) showing no blood flow on real- 
time imaging.” Cytotrophoblastic cysts are found in 


20% of placentas at term.” Their incidence in increased 
in pregnancies complicated by diabetes mellitus or 
maternal-fetal rhesus incompatibility.” 

Subamniotic hematomas. These lesions are second- 
ary to the rupture of a fetal vessel before or during 
delivery and are located beneath the amniotic layer 
covering the fetal plate.® Their incidence is unknown 
but most of them are found in third-trimester placentas 
and are thought to occur during delivery as a result of 
excessive traction on the umbilical cord.® Subamni- 
otic hematomas that develop during the second or 
third trimester are sometimes complicated by fetal 
growth retardation and abnormal Doppler measure- 
ments e 

Ultrasonographically, they appear as a single mass 
protruding from the fetal plate and surrounded by a 
thin membrane. The newly formed clot is echogenic 
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Fig. 2. A, Heterogeneous placental mass at 32 weeks (asterisk), protruding from the fetal plate near 


the cord insertion (arrow). The pregnancy was complicated by polyhydramnios. B, Pathologic ex- 


amination demonstrated a chorioangioma (asterisk) showing generalized degenerative changes. C, 


Longitudinal ultrasonogram of a hypoechoic placental mass (asterisk) at 18 weeks gestation. D, At 


30 weeks half of the lesion (asterisk) was more echogenic. At delivery the lesion corresponded to a 


large chorioangioma partly grooved by bands of fibrous tissue. E, Ultrasonographic appearance of 


a uterine leiomyoma (asterisk) at 20 weeks of gestation, for comparison. 


(Fig. 1, E), but the lesion becomes less so as the clot 
resolves (Fig. 1, F and G). 

Chorioangiomas. Chorioangiomas occur in 0.5% to 
1% of placentas examined at term.** ** Most chorioan- 
giomas are encapsulated, single, small, round, and in- 
traplacental.*’ ** Large tumors can be of variable shape, 
divided by fibrous septa, and they often protrude from 
the fetal surface near the cord insertion.*" ** Degen- 
erative changes such as necrosis, calcification, hyalini- 
zation, or myxoid changes are frequently present in 
large tumors. Chorioangiomas are associated with an 
increased incidence of polyhydramnios and fetal 
growth retardation.*” *’ Large tumors (>5 cm in di- 
ameter) can also be complicated by fetal cardiac failure 
with hydrops because of the shunting of blood through 
the tumor.” 

On ultrasonographic, only large chorioangiomas 
protruding into the amniotic cavity have been docu- 
mented. They are well circumscribed, have a different 
echogenicity from the rest of the placental tissue (Fig. 
2, A and B), and are easily detectable early in pregnancy 
by ultrasonographic.*” **! The echogenicity varies ac- 
cording to the degree of degenerative changes present 
in the tumor (Fig. 2, C and D). 

Caverns. These lesions may vary from small sono- 
lucent areas to large sonolucent spaces (Fig. 3, A). Small 
echo-free spaces in the center of the cotyledon have 
been described in normal third-trimester mature pla- 


centas (grade III of Grannum’s classification). These 
small cavities within the cotyledons are secondary to the 
dispersion of the free-floating terminal villi by maternal 
arterial jets of blood entering the intervillous space.” 
Larger intraplacental sonolucent spaces are found in 
67% of the placentas examined by ultrasonography 
from the first half of pregnancy until delivery.” They 
contain turbulent blood flow on real-time imaging and 
their shape can be modified by maternal position or by 
uterine contractions.” Histologically, these lesions cor- 
respond to large avillous areas surrounded by normal 
villi. They are probably a nonpathologic variation of 
the normal placental anatomic structure that develops 
from early in pregnancy.*° They have been described 
by pathologists as hemorrhagic areas™ or as caverns,” 
sometimes containing semifluid or fluid blood. 
Thrombosis. Placental thrombosis is the result of fo- 
cal coagulation of blood in the intervillous spaces and 
usually occurs during the third trimester.” ™™ Inter- 
villous thromboses are found in about 40% of placentas 
and contain an admixture of fetal and maternal 
blood.*’ ** The incidence of the lesion is increased in 
pregnancies complicated by rhesus isoimmunization.”’ 
Large hypoechoic areas with low flow laterally and 
relatively high flow in the central part on real-time im- 
aging can be observed in the early stages (Fig. 3, A) of 
the development of an intervillous thrombosis.” * * 
Abnormal hemodynamic flow in the intervillous space 
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Fig. 3. A, Ultrasonograms at 35 weeks showing small and large placental sonolucent spaces (asterisks), 


containing turbulent blood flow. Note the increase echogenicity of the surrounding villi (small arrows). 


B, Histologic section at the level of the large arrow showing a recent intervillous thrombosis (asterisk) 
and normal villi (arrow). The villi surrounding the lesion at the level of the small arrows were com- 
pressed and infarcted. (Hematoxylin and eosin. x 50.) C, Ultrasonograms at 39 weeks showing a 
large placental lesion (asterisk) corresponding (D) to an organized intervillous thrombosis (asterisk) 


with extensive fibrin deposition (large arrow) in periphery. (Hematoxylin and eosin. X 50.) E, Large 
placental hyperechoic area (asterisk) located near the basal plate at 32 weeks of gestation correspond- 


ing (F) to a chronic infarct. (Hematoxylin and eosin. X 50.) 


may result from the failure of the cotyledon to expand 
in response to the increasing flow of the corresponding 
uteroplacental artery and compression of the sur- 
rounding villi with gradual atrophy as fibrin accumu- 
lates in the periphery. This process causes a progressive 
increase in the echogenicity of the lesion (Fig. 3, C and 
D), thus distinguishing it from a placental cavern. Fi- 
nally, the maternal blood coagulates in the placental 
tissue, focally obliterating the intervillous circulation. 
This failure to accommodate may be secondary to 
inadequate venous drainage from the cotyledon or 
to villous damage related to maternal-fetal incompati- 


bility.*” 23 


Intervillous thrombosis must be distinguished from 
subchorial thrombosis as a result of pooling and stasis 
of maternal blood beneath the chorionic plate or in the 
marginal area of the intervillous chamber.*” ™ Ultra- 
sonographically, these lesions appear as sonolucent 
space of variable size containing turbulent blood flow 
on real-time imaging.” Their appearance may change 
from one examination to another as progressive fibrin 
deposition leads to classic subchorial or marginal 
thrombosis described by the pathologists.*” ** 

Infarcts. Placental infarcts are the result of obstruc- 
tion of a uteroplacental artery leading to focal degen- 
eration of the overlying villous tissue.*” ** They are 


VVIUINGC LUO 


Number 5, Part | 


uillasonograpny OT placental apnormalities 1655 





Fig. 4. A, Longitudinal ultrasonogram at 22 weeks of gestation showing an enlarged placenta con- 
taining multiple sonolucent spaces (asterisk). The fetus was anatomically normal. B, Pathologic ex- 
amination demonstrated diffuse mesenchymal hyperplasia with myxoid degeneration of the villous 
stem and dilatation of the main fetal vessels (arrows). C, Ultrasonogram at 25 weeks of a molar mass 
(M) and a normal placenta (P) in a twin pregnancy combining a classic mole and a normal placenta 
and fetus. D, Pathologic examination confirmed the presence of a normal placenta (P) and a complete 
mole (M). E, Transverse ultrasonograms of an enlarged placenta containing multiple sonolucent 
spaces of various sizes and shapes (asterisk). The pregnancy was complicated by severe asymmetric 
fetal growth retardation, oligohydramnios, and early pregnancy-induced hypertension. F, Pathologic 
and cytogenetic investigations revealed a triploid syndrome with focal swelling of the villous tissue 


(asterisk). 


usually located near the maternal plate.*° Small 
infarcts are found in about 25% of placentas from 
uncomplicated pregnancies.” The incidence of pla- 
cental infarction is significantly increased in preg- 
nancies complicated by preeclampsia or essential 


23, 


hypertension****‘ and is directly related to the severity 


20, 


of the disease.*’ ** In these maternal hypertensive dis- 
orders infarction is extensive and involves more than 
10% of the placental tissue.” Large placental infarcts 
are associated with an increase in perinatal mortality 
and intrauterine growth retardation.” °° 

Ultrasonographically, placental infarcts appear as 
large intraplacental areas that are irregular and hy- 
perechoic in the acute stage*® and isoechoic in more 
advanced stages (Fig. 3, E and F). 

Hydatidiform transformation. Molar or hydatidi- 
form transformation of the villous tissue (Fig. 4, A, C, 
and £E) is a common finding in placental trophoblastic 


tumors. The principal histologic feature of this group 


of tumors is trophoblastic hyperplasia. Trophoblastic 
tumors are classified on a cytogenetic and morphologic 
basis into complete and partial mole.** *° 

Complete or classic hydatidiform moles are charac- 
terized by generalized swelling of the villous tissue, tro- 
phoblastic hyperplasia, and no embryonic or fetal tis- 


35, 36 


sue.™ Complete moles are almost always diploid with 
a 46,XX chromosomal constitution in 90% of cases and 
a 46,XY karyotype in 10% of cases.” About 15% to 
20% of complete moles can become invasive and me- 
tastasize.** Ultrasonographically, the uterus is filled with 
sonolucent spaces (“snowstorm” appearance) of various 
sizes and shapes without embryonic or fetal material.” 
However, molar transformation of one ovum in a di- 
zygotic twin pregnancy has been reported.*” * In these 
cases ultrasonographic or pathologic examination 
shows a molar placental mass together with normal pla- 
centa and fetus (Figs. 4, C and D). 


Partial hydatidiform moles are characterized by focal 
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Table II. Review of perinatal features of 35 cases 
of triploid syndromes diagnosed in second 

and third trimesters of pregnancy (references 

43 to 54) 





A. Maternal data (No. = 20) 


Mean maternal age (yr) 26.95 = 4.91 
Mean gravidity 2.1 + 0.89 
Mean parity 0.75 + 0.83 
B. Mean gestational age at diagnosis (wk) 21.12 + 4.31 
(No. = 33) 
C. Maternal complications (13 cases) 28.6% 


6 Pregnancy-induced hypertension 

4 Bilateral multicystic ovaries 

3 Hyperemesis gravidarum 

3 Vaginal bleeding 

D. Ultrasonographic findings 
Placenta (No. = 34) 

Normal in 15 cases 44.1% 

Abnormal in 19 cases 55.9% 
4 Hydropic (enlarged) 
10 Molar transformations 
5 Hydropic and molar trans- 


formations 
Fetus (No. = 33) 
Normal in 3 cases 9.1% 
Abnormal in 30 cases 90.9% 
18 IUGR 


4 Malformations 
8 IUGR and malformations 
Amniotic fluid (No. = 28) 
Normal in 15 cases 53.6% 
Abnormal in 13 cases 46.4% 
9 Oligohydramnios 
4 Polyhydramnios 
E. Laboratory findings 
Maternal serum hCG (No. = 10) 
Elevated in 9 cases and normal in | 
case 
Maternal serum AFP (No. = 14) 
Elevated in 13 cases and normal in | 
case 
Amniotic fluid AFP (No. = 15) 
Elevated in 6 cases and normal in 9 
cases 
F. Pathologic findings 
Placenta (No. = 31) 
Normal in 12 cases 38.7% 
Abnormal in 19 cases 61.3% 
9 Molar transformations 
12 Trophoblast hyperplasia 
and/or scalloped outline 
Fetus (No. = 26) 
Normal in 2 cases 71.1% 
Abnormal in 24 cases 92.3% 
21 Small for dates 
13 External defects 
10 Internal abnormalities 
G. Cytogenetic findings (No. = 35) 
69,XXX (20 cases) 
69,XXY (13 cases) 
69,XYY (no cases) 
70,XXYY (1 case) 
46,XY/69,XXY (1 case) 





IUGR, Intrauterine growth retardation; No., number of 
cases among the 35 cases reviewed with the corresponding 
information; hCG, human chorionic gonadotropin; AFP, 
a-fetoprotein. 


swelling of the villous tissue, focal trophoblastic hyper- 
plasia, and embryonic or fetal tissue.” *° "The most 
common karyotype found in these cases is triploidy. 
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This is a common chromosomal anomaly accounting 
for 1% to 2% of all clinically recognized human con- 
ceptions.*' * There is a strong correlation between the 
origin of the extra set of chromosomes, the degree of 
the placental molar change, and the survival rate of the 
pregnancies. All cases with an extra paternal set 
(73%) of chromosomes have significant molar changes 
(Fig. 4, E and F) while only 14% of cases with an extra 
maternal set (27%) have significant molar changes.” 
Placentas with nonmolar changes are associated with a 
better fetal survival and are more likely to be found 
near term.” 

Table II summarizes the perinatal data of 35 cases 
of triploidy reported in the literature.“ Only triploidy 
syndromes confirmed by chromosomal analysis were 
included. This review indicates that 55.8% of the pla- 
centas in triploidy have hydropic and/or molar changes 
on ultrasonography. The fetus presents severe growth 
retardation and/or major congenital defects in 90.9% 
of the cases and the amniotic fluid volume is abnormal 
in 46.4%. The ultrasonographic features correlated 
well with the morphologic findings reported in these 
cases and in more selective pathologic studies.” This 
review is not exhaustive and most of these studies are 
incomplete; in particular, microscopic findings and lab- 
oratory investigations were not constantly reported. 
Nevertheless, published biologic findings indicate that 
most of the cases of triploidy are first seen with elevated 
levels of maternal serum human chorionic gonadotro- 
pin and a-fetoprotein even when they are not associ- 
ated with major congenital fetal defects. 

Cases of diploid partial moles were recently de- 
scribed. They are characterized by diffuse molar pla- 
cental changes associated with a normal fetus and 
elevated levels of human chorionic gonadotropin and 
a-fetoprotein.” Pathologically, areas bearing char- 
acteristic molar transformation (diploid cytogenetic 
constitution) interdigitate with unaffected placental 
areas.” 

Molar changes of the placenta are not always patho- 
gnomonic of trophoblastic disorders and can be found 
in other placental pathologic conditions such as benign 
diffuse mesenchymal hyperplasia (Fig. 4, A and B) or 
in prolonged placental retention in utero after fetal 
death." 

Retroplacental hematomas. The diagnosis of abrup- 
tio placentae during the second half of pregnancy is 
based on the clinical triad of pain, uterine rigidity, and 
vaginal bleeding, and ultrasonographic investigations 
can be used only in nonacute cases to confirm clinical 
diagnosis and to exclude presence of placenta previa.” 

Retroplacental hematomas cause a wide spectrum of 
ultrasonographic features depending on the location 
of the lesion and on the degree of organization of the 
blood clot. Acute hemorrhage is hyperechoic to iso- 
echoic, as compared with placental tissue, while resolv- 
ing hematomas are hypoechoic.” 
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Other placental abnormalities. Unusual placental 
abnormalities associated with perinatal complications 
also have been observed by ultrasonography such as 
placenta membranacea™ or placenta percreta.”' 


Comment 


Depending on the delay between the development 
of a lesion in utero and delivery, the ultrasonographic 
and pathologic findings can be very different. The ul- 
trasonographic features of most placenta] vascular le- 
sions may undergo major changes within few days. 
When placental abnormalities that could be associated 
with perinatal complications are suspected, serial ul- 
trasonographic examinations should be performed. 

Repeated ultrasonographic examination will also 
yield interesting pathophysiologic data on the devel- 
opment of placental lesions and may help in the pre- 
natal differential diagnosis. For example, old throm- 
boses are difficult to differentiate from infarcts if serial 
examinations are not performed. Repeated ultraso- 
nographic examination is necessary to detect the evo- 
lution of a simple hypoechoic space into intervillous 
thrombosis or to differentiate a subamniotic cyst from 
a subamniotic hematoma. The increasing echogenicity 
of a chorioangioma with gestation can be related to 
fibrotic degeneration of a lesion,” which may indicate 
a reduced risk of high-output fetal cardiac failure. 

Placental ultrasonographic examination must be 
combined with ocher prenatal investigations, some of 
which may help in the differential diagnosis. For ex- 
ample, elevated maternal serum levels of human cho- 
rionic gonadotropin are suggestive of trophoblastic dis- 
orders while elevated a-fetoprotein levels are less spe- 
cific of a typical placental lesion®” ®® but indicate a 
breakdown of the maternal barrier such as may occur 
in infarcts or thrombosis. 

Various vascular lesions have been found in placentas 
from pregnancies complicated by abnormal fetal or ma- 
ternal Doppler indices.** Although it is unlikely that 
a clinical decision will be made on placental morpho- 
logic features alone, the association of abnormal pla- 
cental features with abnormal Doppler indices will clar- 
ify the hemodynamic changes occurring in these cases. 
Furthermore, the advent of color Doppler imaging may 
help to differentiate in utero between maternal and 
fetal vascular placental abnormalities. 
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Progesterone increases cardiovascular toxicity to cocaine in 


nonpregnant ewes 


Mark A. Plessinger, MS, and James R. Woods, Jr., MD 


Rochester, New York 


Cocaine produces a greater hypertensive response in pregnant ewes than in nonpregnant ewes. To 
determine whether pregnancy-related progesterone levels augmented this cocaine response, six 
nonpregnant ewes were surgically oophorectomized, implanted with femoral artery and vein catheters, and 
later administered progesterone 10 mg/kg intramuscularly for 3 days. Consistent responses in blood 
pressure and heart rate to intravenous norepinephrine 0.4 and 0.6 wg/kg, before and during progesterone 
treatment, indicated that progesterone did not increase a-adrenergic receptor sensitivity to exogenous 
norepinephrine. In contrast, intravenous cocaine at either 1.0 or 2.0 mg/kg produced approximately 
twofold greater increases in blood pressure and threefold greater increases in heart rate during each day 
of progesterone treatment when compared with responses to the same dose of cocaine before 
progesterone treatment. These results indicate that progesterone enhances the cardiovascular response to 
cocaine and does not invoive an increase in a-adrenergic receptor sensitivity. (Am J OBSTET GYNECOL 


1990;163:1659-64.) 


Key words: Hormones, pregnancy, drugs of abuse, sheep, norepinephrine, cocaine 


In a recent report we' demonstrated that cocaine, 
when given at the same dose per kilogram, produced 
a greater hypertensive response in pregnant ewes than 
in nonpregnant ewes. To explain these findings we hy- 
pothesized that pregnancy-related changes in hor- 
monal levels may increase the cardiovascular sensitivity 
of pregnant ewes to cocaine. Since cocaine blocks the 
reuptake of catecholamines at nerve terminals, hor- 
monally induced changes in a-adrenergic receptor sen- 
sitivity to norepinephrine may account for the in- 
creased cocaine sensitivity observed in pregnancy. 
Therefore the purpose of this study was to examine 
the heart rate and blood pressure responses to cocaine 
in oophorectomized nonpregnant ewes before and af- 
ter treatment with the pregnancy hormone progester- 
one. Responses to norepinephrine before and during 
progesterone treatment also were examined to deter- 
mine the influence of progesterone on a-adrenergic 
receptor sensitivity. 
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Material and methods 


Six nonpregnant ewes were used in this study. Sur- 
gery, care, and use of sheep in this protocol have been 
approved by the University Committee on Animal Re- 
search of the University of Rochester to ensure com- 
pliance with the Animal Welfare Act of 1970 and the 
National Institutes of Health Policy on Laboratory An- 
imals. Before surgery for implantation of catheters, 
each ewe was sedated with an intravenous injection of 
0.02 mg/kg of a 100:1 ketamine hydrochloride/xyla- 
zine hydrochloride mixture preceding tracheal intu- 
bation. Anesthesia was maintained during surgery with 
halothane/oxygen by means of an Air-Shield Venti- 
meter ventilator 2 surgical respirator (Air-Shield, Hats- 
boro, Pa.). Catheters were placed in the femoral artery 
for measurement of arterial blood pressure and in the 
femoral vein for intravenous drug administration. 
Through a small abdominal incision, each ewe was oo- 
phorectomized to prevent hormonal cycling during the 
experimental period. The catheters were passed sub- 
cutaneously along the left flank and placed in a pouch 
secured to the ewe’s side. Initial studies were conducted 
at least 5 days after surgery to allow for surgical re- 
covery. Catheters were flushed daily with 1000 IU/ml 
heparin sodium. 

Physiologic measurements. In each experiment 
blood pressure and heart rate were monitored contin- 
uously. Blood pressure was monitored by attaching the 
arterial catheter to a pressure transducer (Micron MP- 
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Table I. Baseline cardiovascular parameters before and during 3 days of progesterone treatment, 10 
mg/kg intramuscularly, in six nonpregnant oophorectomized ewes 





Before progesterone 


Before norepinephrine injection 


Systolic blood pressure (mm Hg) 126 + 7 
Diastolic blood pressure (mm Hg) 74+ 8 
Mean arterial pressure (mm Hg) 9147 
Heart rate (beats/min) 90 + 4 
Pulse pressure (mm Hg) 52 =D 
Before cocaine injection 
Systolic blood pressure (mm Hg) 126 + 9 
Diastolic blood pressure (mm Hg) rE 
Mean arterial pressure (mm Hg) 89 +7 
Heart rate (beats/min) 89 + 5 
Pulse pressure (mm Hg) 55+ 4 


Day of progesterone treatment 


124 +6 125 += 4 127 + 6 
IE? 7445 7447 
89 + 7 91 +5 92 + 6 
87 £92 89 +4 83244 
54+ 8 52+ 3 53 a4 
124 + 7 123 + 5 122 + 5 
71247 69 + 6 70 +6 
89 + 7 87 + 6 87 +5 
9l7 9l +6 88 + 6 
53 + 2 5424 53+ 4 


Values are indicated for baseline before the first norepinephrine injection and before the first cocaine injection. Values represent 


mean + SEM. 


15D, Micron Instruments Inc., Los Angeles) that 
was connected to a pressure amplifier (SensorMedics 
9853C, SensorMedics Corp., Anaheim, Calif.). Heart 
rate was measured by a cardiotachometer (Sensor- 
Medics 9857) connected in series with the blood pres- 
sure amplifier. Blood pressure and heart rate were con- 
tinuously recorded on a SensorMedics R-611 eight- 
channel recorder. Pulse pressure was computed as 
systolic blood pressure minus diastolic blood pressure. 

Doses 

Norepinephrine administration. To evaluate a- 
adrenergic receptor sensitivity, 0.4 and 0.6 pg/kg nor- 
epinephrine [(~)arterenol bitartrate salt (Sigma Chem- 
ical Company, St. Louis)] in physiologic saline solution 
(0.9% sodium chloride) was given before and each day 
of progesterone administration. Norepinephrine 0.4 
pg/kg was first administered intravenously as a 2 sec- 
ond bolus injection. At least 60 minutes passed before 
the 0.6 pg/kg norepinephrine dose was given in a sim- 
ilar manner. An additional 60-minute period elapsed 
after the 0.6 pg/kg norepinephrine dose before cocaine 
administration. 

Cocaine administration. Doses of cocaine hydrochloride 
(Sigma) were dissolved in 5 ml of physiologic saline 
solution. Cocaine was administered intravenously as a 
30-second bolus injection in a random fashion at either 
1.0 or 2.0 mg/kg body weight. At least 2 hours was 
allowed to elapse before each animal received the sec- 
ond dose. 

Progesterone administration. One to 3 days after the 
initial responses to norepinephrine and cocaine were 
obtained, each ewe was injected intramuscularly with 
progesterone (Eli Lilly & Co., Indianapolis) 10 mg/kg 
daily for three consecutive days. This dose level, when 
given to nonpregnant ewes, has been previously shown 
to produce serum progesterone levels comparable to 
_ those of pregnancy.’ Approximately 2 hours after each 


progesterone administration, the two doses of norepi- 
nephrine and two doses of cocaine were injected as 
described above. 

To determine progesterone levels, a 5 ml blood sam- 
ple was drawn from the femoral vein catheter each day, 
approximately 2 hours after progesterone administra- 
tion but before norepinephrine and cocaine adminis- 
trations for later analysis of serum progesterone levels. 
These serum samples were analyzed for progesterone 
levels by solid-phase iodine 125 radioimmunoassay (Di- 
agnostic Products Corporation, Los Angeles). The low- 
est level of detectability of this method is 0.05 ng/ml. 

Data analysis. For data analysis baseline measure- 
ments of heart rate and blood pressure were obtained 
at 25 and 5 minutes before each respective drug ad- 
ministration and computed as a mean baseline value. 
Since most of the response activity to norepinephrine 
and cocaine occurred within the first 2 minutes, re- 
sponse measurements to norepinephrine administra- 
tion were obtained at 10-second intervals over the first 
2 minutes and at 5, 10, 15, and 30 minutes. Response 
measurements to cocaine were obtained at the same 
time intervals as the norepinephrine responses with an 
additional measurement at 60 minutes. 

To determine statistical significance, a three-way [fac- 
tors = dose (2), time (17 or 18), and day of progester- 
one treatment (4)] repeated measures analysis of vari- 
ance with a post hoc Newman-Keuls range test was used 
to determine differences between means when a sig- 
nificant F ratio was obtained by analysis of variance. 
Statistical significance was established at a p value of 
<0.05. 


Results 

Administration of progesterone 10 mg/kg intra- 
muscularly produced serum progesterone levels com- 
parable to those observed during pregnancy in the 
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Table II. Maximum changes in cardiovascular parameters from baseline in response to 0.4 and 0.6 pg/kg 
norepinephrine before and during 3 days of progesterone treatment 





After 0.4 pg/kg norepinephrine injection 
Systolic blocd pressure (mm Hg) 
Diastolic blcod pressure (mm Hg) 
Mean arterial pressure (mm Hg) 

Heart rate (beats/min) 
Pulse pressure (mm Hg) 


After 0.6 wg/kg norepinephrine injection 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 
Mean arterial pressure (mm Hg) 

Heart rate (beats/min) 
Pulse pressure (mm Hg) 


Before progesterone 


45 + 4* 
24 + 3* 
31-2: $* 
— 922 + 5* 
21+ 4* 


55 + 6* 
JT: 9t 
36 + 3* 
—22 + 3* 
28 + 6* 


Day of progesterone treatment 





35 -13* 43 + 7* 40 + 8* 
7a in a fa ya re ae 20:5" 
25 + 9* 29 + 4* 27 Œ G* 
ee eee 4 -18 +4 Ol ayaa de 
Ta 20 + 5* 19 + 4* 
50 + 12* 49 + 10* 44 + 10* 
217-29" oe 20- £ 5* 
34 + 8* 34 + 7* nE e 7" 
ai o e aa ke ai a —20 + 4* 
PA me o 23. 6" 16+ 6 


All maximum changes occurred at approximately 20 seconds after injection. Values represent mean + SEM. 


*Significant change from baseline value (p < 0.05). 


Table III. Maximum changes in cardiovascular parameters from baseline in response to 1.0 and 2.0 
mg/kg cocaine before and during 3 days of progesterone treatment 





After 1.0 mg/kg cocaine injection 


Before progesterone 





Day of progesterone treatment 


; 


Systolic blood pressure (mm Hg) 22 3" 
Diastolic blood pressure (mm Hg) 19 £ 3* 
Mean arterial pressure {mm Hg) 20 + 3* 
Heart rate (beats/min) —]8 + 5* 
Pulse pressure (mm Hg) 5417 
After 2.0 mg/kg cocaine injection 
Systolic blood pressure (mm Hg) 44 + 6* 
Diastolic blood pressure (mm Hg) oi ee ig 
Mean arterial pressure (mm Hg) 4] + 6* 
Heart rate (beats/min) 7 t 4* 
Pulse pressure (mm Hg) 9 2" 


69 + 14*+ 57 + 6*+ 56 + 8*t 
44 + 5*+ 43 + 4*+ 39 + 5+ 
52 + 8*t 48 + 4*+ 45 + 6*+ 
19 + 21 38 + Ot 28 + 9*f 
27 + 8*} 15 + 3*+ 19 + 6*+ 
12 = 8¥t 66 + 12* 67 + 6*t 
54 + 3*} 53 + 7* 56 + 4*ł 
60 + 4*t 57 + 8* 59 + 4*+ 
27E 12 45 + 14* 3] + 9* 

19 + 6* 157 15 + 3*+ 


Values represent mean + SEM. 
*Significant change from baseline value (p < 0.05). 


{Significant difference of progesterone treatment result as compared with before progesterone result (p < 0.05). 


sheep.” The mean + SEM progesterone levels in nano- 
grams per milliliter serum were as follows: before pro- 
gesterone, 0.28 + 0.05; day 1 treatment, 97.8 + 40.3; 
day 2 treatment, 125.3 + 41.0; day 3 treatment, 
119.4 + 15.4. Baseline measurements of systolic pres- 
sure, diastolic pressure, mean arterial pressure, pulse 
pressure, and heart rate before norepinephrine and 
before cocaine administration during all 4 days of ex- 
perimentatior (before progesterone and during 3 days 
of progesterone treatment) demonstrated that proges- 
terone treatment for 3 days had no significant effect 
on baseline cerdiovascular values (Table 1). 
Norepinephrine produced dose-dependent and sig- 
nificant increases from baseline values in systolic blood 
pressure, diastolic blood pressure, mean arterial pres- 
sure, heart rate, and pulse pressure (Table I). For each 


dose of norepinephrine the maximum cardiovascular 
response was constant before and during all 3 days of 
progesterone treatment (Table II). However, the re- 
sponses to cocaine demonstrated an approximately 
twofold greater and significant maximum increase 
from baseline values in systolic blood pressure, diastolic 
blood pressure, mean arterial pressure, and pulse pres- 
sure (Table III). In response to cocaine, 1.0 mg/kg, 
heart rate increased approximately threefold when 
compared with the heart rate response before proges- 
terone was administered. Although a significant differ- 
ence was not obtained at the 2.0 mg/kg dose, the trend 
toward increased heart rate response to cocaine af- 
ter progesterone treatment was maintained (Table III). 

The cardiovascular response values to norepineph- 
rine and cocaine were plotted versus time for each of 
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Fig. 1. Responses of mean arterial pressure to intravenous 
bolus injections of 0.4 g/kg (top) and 0.6 pg/kg (bottom) nor- 
epinephrine plotted against time. Different symbols indicate 
responses before and during each of 3 days of progesterone 
treatment, 10 mg/kg intramuscularly. Values represent 
mean + SEM from’six oophorectomized ewes. 


the 4 days of experimentation. For either dose of nor- 
epinephrine, the maximum response changes of mean 
arterial pressure occur at approximately 20 seconds 
after norepinephrine administration (Fig. 1). As illus- 
trated, the mean arterial pressure responses to nor- 
epinephrine were constant over all 4 days of experi- 
mentation, indicating that progesterone treatment had 
no influence on the responses to norepinephrine. It is 
noteworthy that all responses to either dose of nor- 
epinephrine were virtually identical regardless of the 
day of experimentation or the timing sequence. 

In contrast, when the cardiovascular responses to co- 
caine were plotted versus time, a different response 
pattern emerged. Cocaine produced its maximum ef- 
fect on mean ‘arterial pressure at approximately 40 
seconds after injection (Fig. 2). Mean response values 
of mean arterial pressure were significantly increased 
after progesterone treatment from 40 to 120 seconds 
after cocaine injection but were equivalent to the re- 
sponse values to cocaine injection before progesterone 
treatment by 5 minutes and throughout the remainder 
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of the experimental period. These results indicate that 
progesterone treatment augments the cardiovascular 
response to cocaine in nonpregnant ewes and that this 
augmented response occurs within the first 5 minutes 
after cocaine injection. 


Comment 


The results of this study indicate that treatment of 
nonpregnant oophorectomized ewes with the preg- 
nancy hormone progesterone produced an increased 
cardiovascular responsiveness to intravenous cocaine. 
Cocaine produced an approximately twofold increase 
in systolic blood pressure, diastolic blood pressure, 
mean arterial pressure, and pulse pressure from their 
respective baseline values after treatment with 10 
mg/kg progesterone intramuscularly when compared 
with the responses measured at the same dose of co- 
caine before progesterone treatment was initiated. In 
addition, the heart rate response to cocaine was in- 
creased approximately threefold after progesterone 
treatment. This increased responsiveness to cocaine oc- 
curred within hours after administration of the first 
dose of progesterone and was persistent over all 3 days 
with little difference between each day of progester- 
one treatment (Table III, Fig. 2). These results were 
consistent with our previous observation that preg- 
nant ewes exhibit an increased cardiovascular respon- 
siveness to cocaine when compared with responses 
from nonpregnant ewes given identical doses in milli- 
grams per kilogram.’ In addition, the cardiovascular 
responses of the progesterone-treated nonpregnant 
ewes to cocaine in the current study closely resemble 
those responses previously obtained from pregnant 
ewes." ** We have hypothesized that increased sensitiv- 
ity of pregnant ewes to cocaine may be due to an in- 
creased adrenergic receptor sensitivity, a change in co- 
caine metabolism, or an increased cardiac responsive- 
ness, all of which may be dependent on an alteration 
in hormonal environment. 

Cocaine exerts its pharmacologic action by blocking 
the uptake of released catecholamines within the syn- 
aptic cleft of nerve terminals, prolonging their actions 
at the effector terminals and increasing their concen- 
trations in the bloodstream. As a result, cocaine pro- 
duces vasoconstriction by increasing the concentrations 
of norepinephrine locally in the synaptic cleft and sys- 
temically in the peripheral vasculature. - . 

Exogenous norepinephrine was used in this study to 
determine whether progesterone treatment produced 
an alteration in a-adrenergic sensitivity. The lack of 
change in norepinephrine responses after progester- 
one when compared with the response before proges- 
terone suggests that there is no increase in a-adrenergic 
receptor sensitivity that could account for the increased 
hypertension to cocaine observed in the progesterone- 
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Fig. 2. Responses of mean arterial pressure to intravenous bolus injections of 1.0 mg/kg (top) and 
2.0 mg/kg (bottom) cocaine. Different symbols indicate responses before and during each of 3 days 
of progesterone treatment, 10 mg/kg intramuscularly. Values represent mean + SEM from six oo- 


phorectomized ewes. 


treated ewes. Vascular œ,- and -receptor activation by 
norepinephrine has been demonstrated to produce va- 
soconstriction and pressor responses in pithed dogs.®’ 
Because of these dual actions of norepinephrine, we 
cannot determine from our data whether progesterone 
increases the sensitivity of a,- or «,-subsites since nor- 
epinephrine is nonselective for these receptors. Pro- 
gesterone could sensitize vascular a,-receptors while 
desensitizing vascular a,-receptors with the net effect 
producing no change in the pressor response to nor- 
epinephrine. Of note, the peak blood pressure re- 
sponses to either dose of norepinephrine were higher 
before progesterone than after progesterone treatment 
(Fig. 1). If the progesterone-treated nonpregnant ewe 
is similar to the pregnant ewe in its cardiovascular sen- 


sitivity to norepinephrine, this trend is in keeping with 
observations by McLaughlin et al.* that the blood pres- 
sure response of pregnant ewes to intravenous nor- 
epinephrine is less than that of nonpregnant ewes.” 
The increased cardiovascular responsiveness to co- 
caine after progesterone administration could be ex- 
plained by an alteration in cocaine metabolism either 
as a decrease in the turnover rate of cocaine to its met- 
abolic products or an increased turnover to bioactive 
metabolic products. Norcocaine is a reactive product of 
cocaine metabolism and is converted at a rate of 20% 
of the cocaine dose by N-demethylation.® Norcocaine 
is a potent vasoconstrictive agent that inhibits the 


. reuptake of norepinephrine to a greater degree than 


cocaine.’ The remaining cocaine and norcocaine 
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are metabolized by plasma and liver esterases and mi- 
crosomal monooxygenases.'’ Reports in pregnant rats 
and rabbits have indicated a decrease in liver cyto- 
chrome Ps concentrations (~25%), as well as de- 
creased specific activity of glucuronyl transferase” 
and monooxygenase’ when compared with nonpreg- 
nant animals. Ochs et al.“ demonstrated that proges- 
terone treatment of nonpregnant rats increased the N- 
demethylation of aminopyrine, which has similar ki- 
netics when compared with the N-demethylation of 
cocaine to norcocaine.”” The progesterone treatment 
could alter the liver cytochrome Ps enzymes, glu- 
curonyl transferases, and monooxygenases to de- 
crease turnover of cocaine and/or increase the N- 
demethylation of cocaine to norcocaine. These changes 
in enzyme characteristics could produce a delay in the 
metabolism of cocaine or increase its conversion to nor- 
cocaine, explaining the increased responsiveness of the 
progesterone-treated nonpregnant ewes. 

Progesterone could produce an increased cardiac re- 
sponsiveness to cocaine. In the isolated heart muscle 
model, hydrocortisone treatment has been shown to 
increase the force of cardiac muscle contraction to co- 
caine.'® This increase in cardiac contractility to cocaine, 
in the presence of this steroid in vitro, may explain the 
increased sensitivity of the progesterone-treated ewes 
by leading to an increased cardiac output and hyper- 
tension. The greater increase in systolic blood pressure 
and widened pulse pressure to cocaine seen after pro- 
gesterone treatment may therefore reflect an increased 
cardiac contractility. Although cardiac output was not 
measured in the current study, cocaine may exert its 
drug action directly on the heart, producing a greater 
cardiac output after progesterone treatment. With 
heart rate used as a relative index of cardiac output, 
this is a reasonable conclusion since the heart rate re- 
sponse to cocaine was increased after progesterone 
treatment. 

In summary, this study demonstrates that the preg- 
nancy hormone progesterone increases cardiovascular 
sensitivity to cocaine when administered to nonpreg- 
nant ewes. This evidence explains in part the increased 
cardiovascular sensitivity to cocaine that we have pre- 
viously observed in pregnant ewes when compared with 
nonpregnant ewes. Although the mechanism of in- 
creased sensitivity to cocaine in pregnant ewes is not 
clear, it appears to be at least partially related to a 
unique drug interaction between cocaine and proges- 
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terone. Since progesterone demonstrates an increase 
in cardiovascular sensitivity to cocaine, pregnant 
women or persons receiving pregesterone supplemen- 
tation may be at increased risk of cardiovascular com- 
plications during cocaine use. 
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Preferential mitogenic activity for myoblast-like cells can be 
extracted from uterine leiomyoma tissues 


Michael Koutsilieris, MD, PhD, Josée Michaud, BSc, and Andreas Nikolis, BSc 


Quebec, Quebec, Canada 


The presence of mitogen(s) in leiomyoma extracts stimulating cells with the fibroblast, myoblast, and 
osteoblast phenotype was documented. Mitogenic activity in leiomyoma extracts was acid stable and 
sensitive to tryptic digestion. Reverse-phase high-performance liquid chromatography successfuily 
separated mitogen(s) with preferential activity for myoblast cells from mitogens with a broad type of cell 
specificity and from inhibitors. This leiomyoma-derived preferential activity for myoblasts was absent in 
identically treated myometrial and endometrial extracts. This suggests that leiomyoma-derived substances 
with preferential growth factor activity for myoblast-like cells may play a role in the pathophysiologic 
characteristics of uterine leiamyomas. (AM J OssteT Gynecot 1990;163:1665-70.) 
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Uterine leiomyomas are the most common tumors in 
adult women and one of the most common causes of 
infertility.’ The use of electrophoretic types of X-linked 
enzyme glucose-6-phosphate dehydrogenase has indi- 
cated a unicellular histogenesis for leiomyomas.’ Since 
fibrous tissue exhibited glucose-6-phosphate dehydro- 
genase heterogeneity, it was concluded that fibrous tis- 
sue within letomyomas should originate from the same 
cells or cell clone from which muscle cells originate.’ 
Recently a nuclear phosphoprotein (MyoDI) whose 
expression is restricted to proliferating myoblasts and 
differentiated myotubes was able to activate a myogenic 
program in fibroblasts, thus converting fibroblasts to 
myoblasts.* A short region of MyoDI complementary 
deoxyribonucleic acid (residues 143 to 162) was found 
to be similar to a conserved region in the c-mye family 
of proteins. Deletion of this region eliminated the ca- 
pacity of the MyoDl protein to initiate myogenesis.‘ 
MyoD! phosphoprotein was able to initiate myogenesis 
in fibroblasts and, interestingly enough, in nonmeso- 
dermal cell lines.* This was suggestive of its role in 
explaining the unicellular origin of fibroblasts and myo- 
blasts in uterine leiomyomas as previously reported.* 
The tendency of leiomyomas to develop and grow dur- 
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ing the subject’s reproductive life and to regress post- 
menopausally has implicated estrogens as a factor in 
their pathogenesis. This observation led to the hypoth- 
esis that women bearing such tumors would have either 
an increased serum level of estrogens or an increased 
concentration of estrogen receptors in the tumor. Since 
neither of these assumptions has been substantiated,*’ 
progestins, the biologic antagonists of estrogens, were 
implicated in the pathogenesis of leiomyomas.*” How- 
ever, no conclusive data have been obtained.*" 

Recent reports have demonstrated differences be- 
tween enzymatic activity of leiomyoma tissues and that 
of normal myometrium." Additionally human leio- 
myomas were found to contain significantly higher cy- 
tochrome P,;. activity than adjacent normal myome- 
trium.” Recently, changes in receptors for estradiol, 
progesterone, and epidermal growth factor in uterine 
fibromas were reported after treatment with luteinizing 
hormone—releasing hormone analogs. In addition, 
the presence of luteinizing hormone-—releasing hor- 
mone specific binding sites in uterine leiomyomas sug- 
gested a direct action of luteinizing hormone—releasing 
hormone analogs on this tissue." 

Previously we have reported the capacity of crude 
uterine extracts to stimulate cells with the osteo- 
blast and fibroblast phenotype. This suggested that 
uterine-derived growth substances may play a role in 
uterine pathophysiologic characteristics." ° This study 
characterizes certain uterine mitogens and inhibitors 
that act on myoblasts, fibroblasts, and osteoblasts. These 
substances were acid stable and tryptic sensitive. They 
could be retained and could be eluted from cartridges 
of C18 silica. Reverse-phase high-performance liquid 
chromatography (r-HPLC) identified, among various 
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mitogens with broad-cell-type specificity, preferential 
mitogen(s) for myoblast-like cells in leiomyoma ex- 
. tracts. This mitogen(s) was absent from myometrial and 
endometrial extracts that were identically processed. 
These data suggest that inhibitory and proliferative 
substance(s) of leiomyoma extracts could formulate 
the humoral basis of the pathogenesis of uterine leio- 
myomas. | 


Material and methods 


Tissue specimens were obtained during surgery on 
young, otherwise healthy women (aged 30 to 38; 
N = 10) who were diagnosed as having uterine leio- 
myomas and had not received any therapy. These pa- 
tients had not received oral contraceptives during 
the last 6 months. Tissues were washed with Hanks 
balanced salt solution, pH 7.4, and kept frozen at 
—70° C. Representative tissue specimens underwent 
' routine pathologic examination, and tissues from 
women in the proliferative (n = 6) and secretory 
(n = 4) phases were used in our studies. Tissue was 
first homogenized at 4° C in acetone (30 ml/gm). 
The insoluble precipitate was then homogenized in 
n-hexane (30 ml/gm), and the insoluble material from 
this procedure was homogenized again in acetone 
(30 ml/gm). The dried and defatted residue was then 
extracted individually in a mixture of 40 ml/gm of 
1 mol/L hydrochloric acid containing 5% (vol/vol) 
formic acid, 1% (wt/vol) sodium chloride, and 1% 
(vol/vol) trifluoroacetic acid. This high acid content was 
to ensure that all peptidases were inhibited. Formic acid 
and sodium chloride ensured a high yield by minimiz- 
ing binding of peptides to structural proteins.’* This 
acidic extraction medium was designed to maximize 
solubilization of peptides while precipitating high- 
molecular-weight proteins. The protein concentration 
of the extracts was measured by the protein assay of 
Lowry et al.™ | 
~ Fetal rat calvarial foreskin cells were used to assess 
the proliferative effects of leiomyoma extracts on fi- 
broblasts.® Calvarial foreskins were incubated for 90 
minutes at pH 7.4 in Hanks balanced salt solution con- 
taining 2 mg of crude collagenase per milliliter; 140 to 
160 U/mg (Sigma Chemical Co., Sct. Louis). Cells re- 
leased in Hanks balanced salt solution were grown in 
primary culture with RPMI 1640 medium (Gibco, 
Grand Island, N.Y.) containing 0% to 10% fetal calf 
serum (Gibco), depending on the experiment. The 
American Type Culture Collection mouse myoblast- 
like cell line (CRL-1456-G8) and the American ‘Type 
Culture Collection rat smooth muscle embryonic tho- 
racic aorta cell line (CRL-1476-A10) were used to assess 
the proliferative effect of leiomyoma extracts on myo- 
blasts. The osteoblast-derived osteosarcoma cell -line 
(UMR 106) was used to assess the proliferative effect 
of leiomyoma extracts on osteoblasts.’* "° 
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Cell lines were maintained in Dulbecco’s modified 
medium F12 containing 10% fetal calf serum in 75 cm 
culture flasks. Cells were removed from the flasks with 
a mixture of 0.1% trypsin (Sigma) and 0.01% ethyl- 
enediaminetetraacetic acid (Sigma) in Hanks balanced 
salt solution and were precipitated with low-speed cen- 
trifugation. Cells were counted in a hematocytometer 
with trypan blue exclusion used to assess viability. Then 
cells were plated at 1.5 X 10° in 24-multiwell plates with 
Dulbecco’s medium containing 9.5% fetal calf serum. 
Tissue culture was performed at 37° C in an atmo- 
sphere of 5% carbon dioxide and 95% air.” 

To assess stimulation of deoxyribonucleic acid syn- 
thesis, samples of leiomyoma extracts or growth factor 
were added to cultures 48 hours after plating. Cultures 
were incubated with extracts for 22 hours and sequen- 
tially after 2 pCi of tritiated thymidine (specific activity 
50 to 80 Ci/nmol; New England Nuclear, Boston) was 
added to each well. After 2 hours of incubation, the 
medium was aspirated and the cells were washed twice 
with ice-cold Hanks balanced salt solution and once 
with I ml of cold 1.2N perchloroacetic acid. The per- 
chloroacetic acid—insoluble material was dissolved in 
2 ml of 0.6N sodium hydroxide and tritiated radioac- 
tivity was measured by liquid scintillation spectrometry 
(counting efficiency = 50% to 60%). 

The effects of fibroblast growth factor, epidermal 
growth factor, and insulin (all obtained from Sigma) on 
tritiated thymidine incorporation were assessed in all 
indicator cell culture systems. 

Mitogenic activity of leiomyoma extracts (200 ng/ml; 
total protein concentration) was assessed before and 
after tryptic digestion with X 50 (wt/wt) crude trypsin 
(Sigma) at 22° C for 24 hours. Reaction was stopped 
by addition of aprotinin (Bcehringer-Mannheim) 
(aprotinin/trypsin ratio = 15). 

Samples of the leiomyoma extracts were first frac- 
tionated on cartridges of C18 Silica (Sep-Pak; Waters 
Associates, Milford, Mass.). Eluates from Sep-Pak 
testing by 80% acetonitrile containing 0.1% trifluo- 
roacetic acid were lyophilized and then diluted 
by 0.1% triflucroacetic acid and chromatographed 
on high-performance liquid chromatography. High- 
performance liquid chromatography was performed 
on a Pharmacia high-performance liquid chromatog- 
raphy system (Piscataway, N.J.) consisting of two 
LKB 2150 high-performance liquid chromatography 
pumps, one LKB 2152-020 controller, one LKB 214] 
variable wavelength monitor, one LKB 222] integrator, 
and one LKB 2212 Helirac fraction collector. Reverse- 
phase high-performance liquid chromatography was 
performed on a SuperPac Spherisord ODS2 No. 2134- 
256 LKB column. Linear gradients of acetonitrile con- 
taining 0.1% trifluoroacetic acid as a counter ion 
were performed over 60 minutes at a flow rate of 1.5 
ml/min. Aliquots of the fraction eluted by reverse- 
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Table I. Example of effects of leiomyoma extracts on tritiated thymidine incorporation (percent 
above controls*) 











Crude 
extract No. I 


(ng/ml) 






Fibroblasts 


] 1+5 

100 28 + 3 

500 78 +8 
1,000 96 + ll 
10,000 100 + 14 


- Osteoblasts 





2x8 B+ 4 
18+ 4 20+ 8 
35 + 2 48 +9 
44+ 8 101 + 18 
50 + 2 105 + 15 


*Percent above controls: 100 x Tritiated thymidine incorporation into cells incubated with extracts — Tritiated thymidine 
incorporation into cells incubated without extracts +. Tritiated thymidine incorporation into cells incubated without extracts. 
Control levels of tritiated thymidine incorporation into fibroblasts, myoblasts, and osteoblasts were 5833 + 349, 3122 + 121, and 
15,644 + 405 counts per minute, respectively. Each value expresses the mean and standard error of triplicate determinations. 


Table II. Example of effects of tryptic digestion on mitogenic activity of 200 ng/ml crude 


leiomyoma extracts 


Tritiated thymidine incorporation (% above controls*) 


Fibroblasts Myoblasts 


Before tryptic digestion 52 +9 


After tryptic digestion 


14 + 5 (26.9%) 


Osteoblasts 


21 = 3 
5 + 2 (18.5%) 


40 + 4 
11 + 7 (27.5%) 


*Percent above controls determined as described in footnote to Table I, control levels of tritiated thymidine incorporation into 
fibroblasts, myoblasts, and osteoblasts were 8332 + 125, 6124 + 740, and 18,222 + 1011 counts per minute, respectively. Each 
value expresses the mean and standard error of triplicate determinations. 


+Numbers in parentheses express the mitogenic activity as percent of its initial value. 


Table III. Effect of known growth factors on tritiated thymidine incorporation (percent above controls*) 


Growth facter (ng/ml) 
Fibroblast growth 
factor 
l $5 +5 
10 79 11 
100 88 + 5 
Epidermal growth 
factor 
l 48 +6 
10 69 + 3 
100 82 + 6 
Insulin 
500 20 + 8 
1,000 45 +3 
10,000 88 + 4 
50,000 rae, 


Fibroblasts Myoblasts 


Osteoblasts 


20 + 3 20 + 4 
45 +8 58 + 7 
87 + Il 77 +8 
52 44+4 
62 +4 100 + 12 
133 + 11 144 + 9 
455 30 + 8 
154 + 13 92 + 14 
207 + 28 185 + 21 
145 + 19 100 + 17 


*Percent above controls determined as described in footnote to Table I; control levels of tritiated thymidine incorporation into 
fibroblasts, myoblasts, and osteoblasts were 2213 + 132, 1675 + 27, and 22,090 + 164 counts per minute, respectively. Each 
value expresses the mean and standard error of triplicate determinations. l 


phase high-performance liquid chromatography were 
tested for mitogenic activity on fibroblasts, myoblasts, 
and osteoblasts. 


Results 


Crude leiomyoma extracts were capable of stim- 
ulating tritiated thymidine incorporation into the de- 
oxyribonucleic acid of cells with the fibroblast, myo- 
blast, and osteoblast phenotype. The effect was dose- 
dependent (Table 1). 


Assessment of mitogenic activity of leiomyoma ex- 
tracts before and after tryptic digestion of a given pro- 
tein concentration (20 ng/ml) revealed a decrease in 
the activity of the trypsinized extracts by approximately 
70% to 90% (Table II). | 

The response of our indicator cell cultures to fibro- 
blast growth factor, epidermal growth factor, and in- 
sulin was documented. The effects of known growth 
factors on tritiated thymidine incorporation were dose- 
dependent (Table IH). This indicated that cells could 


1668 Koutsilieris, Michaud, and Nikolis 


LEIOMYOMAS + 1 


[SH] Thymidine incorporation (% above control) 


30 


November 199) 
Am J Obstet Gyneccl 


% ACN/TFA 


canna, 
D 
re) 
A=214, AT=0128 


wh 
N 


40 60 


50 





FIBROBLASTS 


MYOBLASTS 


Time ( min.) 


Fig. 1. An example of the ultraviolet profile of leiomyoma extracts (3.2 mg total protein concentration 
by assay of Lowry et al.) fractionated on reverse-phase high-performance liquid chromatography . 
column (LKB, SuperPac Spherisord ODS 2). Reverse-phase high-performance liquid chromatog- 
raphy was performed on an LKB system monitored for ultraviolet absorbance (-) and bioactivity in 
assays measuring tritiated thymidine incorporation into cellular deoxyribonucleic acid of fibroblast 
(CJ), myoblast (W), and osteoblast (A) cells. Mitogenic activity was expressed as in footnote to Table 
I. The columns were eluted with linear gradients of acetonitrile (ACN) containing 0.1% tridluoroacetic 
acid (TFA). Region A represents fractions exerting inhibitory activity for all cell types. Region B 
represents fraction with preferential mitogenic activity on myoblast cells. Region C represents frac- 
tions of reverse-phase high-performance liquid chromatography with mitogenic activity for all cell 


types. 


respond to known mitogens. The response was of sim- 
ilar magnitude to that of leiomyoma extracts. 

Reverse-phase high-performance liquid chromatog- 
raphy of leiomyoma extracts (n = 7; proliferative = 4; 
secretory = 3) revealed mitogenic activity in all three 
indicator cells (Fig. 1, region C). However, in one re- 
gion ,mitogenic activity specifically stimulated myo- 
blasts, stimulated fibroblasts to a lesser degree, and had 
no effect on osteoblasts (Fig. 1, region B). This pref- 
erential mitogenic activity was detected in all tissue ex- 
tracts but one (proliferative phase). In addition, one 
region with inhibitory activity for all three indicator 
cells was detected (Fig. 1, region A). 


Reverse-phase high-performance liquid chromatog- 
raphy of extracts of myometrial (n = 11) and endo- 
metrial (n = 4) tissues, although processed identically 
and chromatographed under identical conditions, 
failed to reveal region(s) with preferential activity for 
myoblast cells (data not shown}. 


Comment 


Although the effects of estragens and progestins on 
the growth of uterine leiomyomas in vivo are unques- 
tionable, the assumption that these hormones or their 
receptors are directly responsible for the development 
of the disease has not yet been substantiated. Also the 
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mechanism by which these hormones affect tumor 
growth is undetermined.*” 

Assessment of the mitotic activity in uterine leio- 
myomas revealed that the highest mitotic counts oc- 
curred during the early phase of the menstrual cycle, 
indicating indirectly that leiomyomal growth is affected 
by progesterone levels. In contrast, the number of 
and/or the regulation of cytoplasmic progesterone re- 
ceptors present in normal tissue did not prove to be 
significantly different from that present in leiomyoma 
tissues.” Interestingly, cytoplasmic estradiol and pro- 
gesterone receptor binding sites in leiomyoma tissues 
did not change during the menstrual cycle as they did 
in normal myometrium.’ 

Very recently, the presence of growth factors in nor- 
mal uterine tissues was documented." This growth sub- 
stance(s) could stimulate (1) tritiated thymidine incor- 
poration into cellular deoxyribonucleic acid and (2) cell 
number of cultures with the fibroblast and osteoblast 
phenotype. This effect was dose-dependent, and the 
presence or absence of fetal bovine serum in cell culture 
media did not alter the cellular response.'* '° 

We extended this investigation to uterine leiomyoma 
extracts using the primary culture of fetal rat foreskin 
fibroblasts’® and cells expressing the myoblast and os- 
teoblast phenotypes as indicator cell systems. The 
presence of mitogen(s) in crude leiomyoma extracts was 
steadly documented (Table I). A remarkable stimula- 
tion of tritiated thymidine incorporation in a dose- 
dependent manner similar to the one achieved by fi- 
broblast growth factor, epidermal growth factor, and 
insulin was achieved (Tables I and III). The concen- 
tration range of insulin necessary to stimulate fibro- 
blasts, myoblasts, and osteoblasts was indicative of an 
effect mediated bv insulin-like growth factor type I re- 
ceptors. The protein nature of mitogen(s) in leiomyoma 
extracts was evident since a remarkable decrease of the 
mitogenic activity was detected after tryptic digestion 
(Table II). In addition, the acid-stable character of this 
substance(s) was verified because mitogenic activity was 
extracted in a milieu of pH <2 (see extraction meth- 
ods). These data suggested that fractionation of leio- 
myoma extracts with Sep-Pak cartridges of C18 silica 
was possible. Indeed mitogenic activity of leiomyoma 
extracts was retained and could be eluted by 80% ace- 
tonitrile over 0.1% trifluoroacetic acid from Sep-Pak 
cartridges (data not shown). These data lead us to the 
conclusion that reverse-phase high-performance liq- 
uid chromatography could be used for purification. 
Eluates from reverse-phase high-performance liquid 
chromatography were capable of stimulating tritiated 
thymidine incorporation into fibroblast, myoblast, and 
osteoblast-like cells (Fig. 1). Interestingly, one region 
with inhibitory activity for all indicator cells and an- 
other with preferential activity for cells with the myo- 
blast phenotype were detected (Fig. 1). The above was 
a stable finding in all leiomyoma extracts tested except 
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one. The region of preferential mitogenic activity for 
myoblasts was absent from all myometrial (n = 11) and 
endometrial (n = 4) extracts processed from adjacent 
uterine tissues and fractionated identically by reverse- 
phase high-performance liquid chromatography (data 
not shown). 

The presence of mitogen(s) in leiomyoma extracts 
for fibroblast, myoblast, and osteoblast was expected 
although not reported previously elsewhere. Previous 
studies” ° have detected similar mitogens in extracts 
from human uterine tissues. The presence of different 
growth factors such as fibroblast growth factor, epi- 
dermal growth factor, platelet-derived growth factor, 
and insulin-like growth factor type I in uterine extracts 
from different animals has been reported previously.'® 
The presence of several growth substances in various 
normal and/or malignant tissue extracts is now also well 
documented. For all these growth substances dif- 
ferent physiologic and pathologic roles have been as- 
signed.'* '° In our opinion the most interesting finding 
of this study is the presence of preferential mitogenic 
activity for myoblasts extracted from leiomyoma tissues. 
The characterization and purification of such prefer- 
ential mitogens deserves further attention. We believe 
that this growth substance(s) could be implicated in the 
pathophysiologic features of uterine leiomyomas and 
could mediate the action of estrogens and/or proges- 
tins on this tissue. 


We thank our colleagues of the Departments of 
Obstetrics-Gynecology and Pathology of our hospital, 
namely, Drs. J. Belhumeur, J. Bergeron, J. Blanchet, 
J.-L. Dubé, J.-Y. Fontaine, C. Huot, R. Maheux, 
G. Quesnel, and M. Marois, for valuable support 
throughout the study. 
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Platelet activating factor enhances in vitro fertilization of 
rabbit oocytes 


William E. Roudebush, PhD, Brijinder S. Minhas, PhD, Deborah D. Ricker, MS, 


Thomas V. Palmer, BS, and Melvin G. Dodson, MD, PhD 


Johnson City, Tennessee 


Capacitation of spermatozoa is essential for fertilization. Rabbit spermatozoa are particularly difficult to 
capacitate in vitro and require treatment with high-ionic-strength Brackett’s defined medium. Spermatozoa 
treated with platelet activating factor had significantly higher fertilization rates when compared. with 
nontreated (fresh, twice washed) spermatozoa (63% vs 34%). Fertilization rates of spermatozoa treated 
with platelet activating factor, although higher than those of high-ionic-strength capacitated spermatozoa, 
were not significantly different (63% vs 57%). Spermatozoa treated with lyso—platelet activating factor, the 
biologically inactive form of platelet activating factor, were noted to have fertilization rates similar to those 
of the untreated (noncapacitated) group. These data show that synthetic platelet activating factor treatment 
of uncapacitated spermatozoa induces fertilization of rabbit oocytes in vitro in a manner similar to that for 
spermatozoa capacitated by high-ionic-strength media and significantly higher than that for untreated 
spermatozoa or after treatment with the biologically inactive form of platelet activating factor (lyso—platelet 
activating factor). (AM J Osstet GYNECOL 1990;163:1670-3,} 


Key words: Platelet activating factor, in vitro fertilization 
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Platelet activating factor (PAF} [1-0-alkyl-2-0-acety]- 


sn-glycero-3-phosphocholine] is a potent phospholipid 
produced by many cell types including macrophages, 
neutrophils, and platelets and induces a variety of bi- 
ologic and pharmacologic responses such as platelet 
aggregation, anaphylaxis, and vascular permeability." ° 
PAF has also been reported to play a significant role in 
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reproduction.” Human and mouse preimplantation 
embryos produce and secrete PAF into culture medium 
in vitro,** and embryo-derived PAF is associated with 
mild thrombocytopenia in early pregnancy.®*’ Further- 
more, this initial maternal response of platelet activa- 
tion occurred only in the presence of fertilized zygotes 
in mice. This mild thrombocytopenia was not observed 
during pseudopregnancy, in mice that have had tubal 
ligation and were mated to fertile male mice, or on the 
transfer of unfertilized eggs; these observations suggest 
PAF to be of embryonic origin. PAF administration 
to estrous mice and rabbits results in the appearance 
of early pregnancy factor in serum.” *° PAF has been 
detected in rabbit and human ejaculated spermato- 
zoa.'*'' However, PAF activity is not found in the sem- 
inal fluid.’' PAF antagonists have been reported to exert 
spermicidal activity’? both in vitro and in vivo after 
vaginal instillation. Synthetic PAF has been shown to 
have a stimulatory effect on human spermatozoa mo- 
tility, and enhancement of the penetration rates of 
zona-free hamster oocytes with PAF-treated sperm has 
recently been reported. 

This study reports the effect of synthetic PAF on the 
in vitro fertilizing capability of rabbit spermatozoa. Fer- 
tilization rates of PAF-treated spermatozoa are com- 
pared with untreated (noncapacitated) fresh (twice- 
washed) spermatozoa, spermatozoa capacitated by ex- 
posure to high-ionic-strength Brackett’s defined 
medium"? and spermatozoa treated with a biologically 
inactive form of PAF (lyso-PAF). 


Material and methods 


Twenty-four New Zealand White rabbit does (3 to 
4 kg) were primed with follicle-stimulating hormone 
(0.5 mg twice a day for 3 days; Schering, Kenilworth, 
N.J.) and human chorionic gonadotropin (hCG) (100 
IU 12 hours after final dose of follicle-stimulating hor- 
mone; Sigma, St. Louis). Oocyte-cumulus complexes 
were collected 14 hours after hCG administration by 
flushing the oviducts with Ham’s F-10 (Sigma) and 
treated with hyaluronidase (450 units/ml; Sigma) to 
remove cumulus cells. Three does did not respond to 
the simulation protocol. From 21 does, we obtained 407 
oocytes (19.4 oacytes per doe), 391 of which were 
deemed to be morphologically normal. Mature oocytes 
were pooled, washed twice, and cultured in Brackett’s 
defined medium’? (300 mOsm/kg) until insemination. 

Semen was collected from mature New Zealand 
White bucks (n = 2) (4 to 6 kg) by use of an artificial 
vagina and diluted with Brackett’s defined medium to 
a final volume of 8.0 ml. Spermatozoa were washed 
twice by centrifugation (400 g for 5 minutes) in Brack- 
ett’s defined medium and separated into control (fresh, 
twice-washed) and treatment groups (2 ml of sperma- 
tozoa suspension per treatment group). Spermatozoa 
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Table I. In vitro fertilization rates of 
cumulus-free ovulatory rabbit oocytes 


No. of oocytes | Fertilization rate 
Spermatozoa treatment inseminated | (2-cell formation) 


Control (fresh, washed 101 35 (34.7%)*t 
twice) 

High-ionic-strength 91 
Brackett’s defined 
medium 

PAF 95 

Lyso-PAF 104 


52 (57.1%)* 


60 (63.2%)tt 
45 (43.3%)t 


*b < 0.01. 
tp < 0.001. 
tp < 0.01. 


in the three treatment groups were exposed for 15 
minutes to (1) high-ionic-strength Brackett’s defined 
medium (385 mOsm/kg) or (2) PAF (1 x 107? mol/L) 
(Bachem Bioscience, Philadelphia), or (3) lyso-PAF 
(1 x 1077 mol/L) (Bachem Bioscience). PAF and lyso- 
PAF were stored in a stock solution of chloroform and 
methanol (1:4) before dehydration under a stream of 
nitrogen and rehydrated with Brackett’s defined me- 
dium to the final concentration (1 x 107” mol/L) used. 
After the 15-minute exposure, each spermatozoa treat- 
ment group was washed twice (400 gm, 5 minutes) with 
2.0 ml of Brackett’s defined medium and immediately 
used for insemination. The mature (first polar body) 
oocytes were inseminated with 1 x 10° motile, fresh, 
high-ionic-strength Brackett’s defined medium, PAF, or 
lyso-PAF—treated spermatozoa and cultured in Brack- 
ett’s defined medium in an atmosphere of 5% carbon 
dioxide in air, 95% relative humidity at 39° C. 

After 4 hours of coincubation, the oocytes were 
washed twice and cultured in Ham’s F-10 medium 
(0.3% bovine serum albumin). Inseminated oocytes 
were examined for second polar body extrusion 
and/or formation of pronuclei 12 hours after insemi- 
nation. The penetrated oocytes were cultured for an- 
other 12 hours for assessment of two-cell formation. 
Fertilization rates are reported as the number of oocytes 
that proceeded to the two-cell stage of development 24 
hours after insemination. 

Data were evaluated by a2 x 2 x’ contingency table. 


Results 


PAF treatment of spermatozoa for 15 minutes re- 
sulted in a significant increase in the in vitro fertilization 
rate (63.2%, p < 0.001), compared with control un- 
treated spermatozoa (34.7%) (see Table I). Capacitation 
of spermatozoa with high-ionic-strength treatment also 
resulted in significantly increased fertilization rates 
compared with controls (57.1% vs 34.7%, p < 0.01). 

Fertilization rates with lyso-PAF (biologically inactive 
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PAF) were similar to the control rates and were signif- 
icantly (p < 0.01) lower than the fertilization rates of 
the PAF-treated spermatozoa. 


Comment 


Freshly ejaculated spermatozoa must undergo a pe- 
riod of maturation in the female reproductive tract 
(capacitation) before they are capable of fertilizing an 
oocyte.” Soon after deposition in the female repro- 
ductive tract, spermatozoa undergo a filteration-like 
process by which they are separated from the semi- 
nal fluids, which contain capacitation inhibiting fac- 
tors.” Using immunologic techniques, Oliphant and 
Brackett”? demonstrated that in the rabbit system ca- 
pacitation involves removal of seminal plasma com- 
ponents that coat the spermatozoal surface. Treat- 
ment of ejaculated rabbit spermatozoa with high-ionic- 
strength Brackett’s defined medium capacitates rabbit 
spermatozoa in vitro and enhances the in vitro fertil- 
ization of oocytes, possibly by removing the plasma 
components coating the spermatozoa surface.’ 

In this study we noted the fertilization rates of 
cumulus-free rabbit oocytes to be similar with sper- 
matozoa treated with PAF or high-ionic-strength Brack- 
ett’s defined medium. PAF-treated spermatozoa fertil- 
ized significantly higher numbers of oocytes than twice- 
washed (control) and lyso-PAF—treated spermatozoa, 
indicating that PAF, by some yet unknown mechanism, 
induces the fertilizing capacity of spermatozoa, pre- 
sumably by capacitation. 

High-ionic-strength treatment of rabbit spermatozoa 
in our study has yielded fertilization rates of cumulus- 
free oocytes similar to those for in vivo capacitated sper- 
matozoa.”° PAF treatment of spermatozoa appears to 
capacitate rabbit spermatozoa as effectively as both the 
in vitro (high-ionic-strength Brackett’s defined me- 
dium) and in vivo capacitation protocols. 

The treatment of rabbit spermatozoa with CV3988, 
a PAF antagonist, before the artificial insemination of 
does has been reported to significantly decrease in vivo 
fertilization rates.'"* We have previously reported re- 
ductions in the in vitro fertilization rates of mouse oo- 
cytes in the presence of CV3988.” Furthermore, PAF 
treatment of mouse spermatozoa also has been shown 
to enhance in vitro fertilization rates of mouse oo- 
cytes a= 

Reduction of in vivo fertilization of rabbit oocytes on 
treatment of spermatozoa with PAF antagonists,” the 
presence of PAF in spermatozoa,” and enhancement 
of oocyte in vitro fertilization with treatment of sper- 
matozoa with synthetic PAF are strong indicators of an 
important role for PAF in fertilization. 

Previous reports from our laboratory have docu- 
mented the presence of PAF in human spermatozoa,” 
stimulation of human spermatozoa motility, and en- 
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hancement of in vitro fertilizability of mouse oocytes 
in the presence of PAF.” These data suggest a poten- 
tial therapeutic use of PAF in promoting fertilization 
in vitro. 

Further studies will be needed to evaluate the use of 
PAF in human fertilization in vitro and the potential 
therapeutic value for the treatment of male factor in- 
fertility and/or fertilization failure. 
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Adhesion formation after ovarian wound repair in 
New Zealand white rabbits: A comparison of ovarian 
microsurgical closure with ovarian nonclosure 
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Thirty female New Zealand white rabbits underwent standard laparotomy. Each ovary was bivalved and 
hemostasis was achieved with bipolar electrocautery. One ovary was then randomized to the closure 
group, whereas the other ovary was placed in the nonclosure group. In the closure group, the ovarian 
capsule was closed with a continuous suture of 8-0 Vicryi absorbable surgical suture material with 
microsurgical technique. In the nonclosure group, the ovaries were left open. Three weeks later the 
animals were killed and the ovarian adhesions were graded with a standardized scale by an cbserver 
(A. A. T.) blinded to the closure status of the animals. Five control animals underwent sham operations 
with minimal adhesion formation. Statistical analysis of the study animals by the paired Student t test 
showed a significantly higher adhesion score on the ovaries that were microsurgically closed compared 
with the ovaries not closed (p = 0.02). (Am J OssTeT GYNECOL 1990;163:1674-8.) 


Key words: Ovarian wound, nonclosure, adhesion formation 


Postoperative adhesion formation is one of the most 
unfortunate sequelae of gynecologic surgery and re- 
sults in mechanical infertility, pelvic pain, and bowel 
obstruction. Adhesion formation after reconstructive 
ovarian surgery is particularly frustrating because it 
may have an important impact on future fertility. Ad- 
 hesions coating the ovary may interfere with ovula- 
tion mechanics and distort tuboovarian relationships, 
thereby disrupting ovum transport.’ 

Many of the studies that have evaluated both the 
pathophysiology of adhesions and methods to deter 
their formation have involved the adhesiogenesis of 
peritoneal defects-with relatively-little attention focused 
on the ovary. However, procedures resulting in ovarian 
surgical wounds are commonly encountered in women 
of reproductive age who are then most likely to be 
adversely affected by the subsequent, adhesions. Ex- 
amples of such procedures include ovarian cystectomy, 
resection of endometriosis, wedge resection because of 
polycystic ovarian disease, and rarely, resection of an 
ovarian pregnancy. 

The least adhesiogenic method of managing ovarian 
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surgical defects remains to be determined. Previous 
studies showed that microsurgical closure with fine syn- 
thetic suture is superior to macrosurgical closure with 
chromic catgut suturė.? Another study? showed that 
bipolar electrocautery of ovarian surgical defects is less 
adhesiogenic than macrosurgical closure. However, bi- 
polar electrocautery of ovaries alone has been shown 
to cause significant adhesions.* * Thus far there has 
been no study that compares adhesion formation after 
ovarian closure using microsurgical technique with 
ovarian nonclosure. This was the purpose of our study. 


Material and methods 


The study was approved by the. Institutional Ani- 
mal Care and Use Committee of Emory University, 
PROTOCOL 125-89, and the animals were housed at 
Emory University under the supervision of university 
veterinary staff. 

Thirty female New Zealand white rabbits of repro- 
ductive age that weighed 2500 to 4300 gm were an- 
esthetized with ketamine hydrochloride 40 mg/kg and 
xylazine hydrochloride 10 mg/kg body weight. The 
abdomen was shaved and prepared with povidone- 
iodine solution, and the’animal was draped with sterile 
sheets for abdominal surgery. Talc was carefully re- 
moved from the surgeon’s gloves. The animals then 
underwent laparotomy through a midline abdominal 
incision approximately 4 to 5 cm long beginning just 
inferior to the umbilicus.. The bowels were carefully 


- packed in the upper abdomen with a moistened lap 


sponge and a pediatric Balfour retractor. With an op- 
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erating microscope (model 1402, J.C. Hoppl Corp., dis- 
tributed by Edward Weck Co., Research Triangle Park), 
the ovaries were each bivalved longitudinally to the 
level of the hilum with a No. 15 blade scalpel. Hemo- 
stasis of the ovary was achieved with bipolar electro- 
cautery provided by a surgical cautery unit (Micro 120, 
Aspen Labs, Inc., Littleton, Colo.) on setting five. 

Once this was completed on both ovaries, a card was 
pulled from a sealed envelope and one ovary was as- 
signed to the closure group and the other ovary was 
assigned to the nonclosure group. In the closure group, 
the ovarian capsule was closed with a continuous, non- 
locking suture of 8-0 Vicryl absorbable surgical suture 
material (Ethicon, Somerville, N.J.) on a V130-S taper- 
cut needle. Care was taken to include just the ovarian 
capsule with minimal cortex in each bite of suture. The 
rabbit ovarian surface was quite friable, requiring that 
some cortex be included to achieve a smooth closure. 
The suture bites were no more than 1 mm in depth 
and were spaced about 1 mm apart for approximately 
seven to nine bites per ovary. In the nonclosure group 
the ovary was left open. The randomization of closure 
and nonclosure was equally distributed between the 
right and left ovaries. 

Careful attention to meticulous microsurgical tech- 
nique including gentle tissue handling, excellent he- 
mostasis, and continuous irrigation with sterile saline 
solution was performed throughout the procedure. 
The Balfour retractor and laparotomy sponge were 
removed, the abdominal wall was closed with a contin- 
uous suture of 3-0 Vicryl absorbable surgical suture 
material, and the skin was closed with a subcuticular 
stitch of 4-0 Prolene sutures (Ethicon, Somerville, N.J.) 
reinforced by simple interrupted sutures of 4-0 Pro- 
lene. Descriptions of all operative procedures and notes 
of special problems were kept in a laboratory diary. 

Five control animals also underwent laparotomy in 
the same fashion with visualization, mobilization, and 
handling of the ovaries with microforceps, but ovarian 
incisions, electrocautery, or sutures were not used. 

All animals were allawed to recover routinely. Three 
weeks after the surgery, the animals were killed with a 
thiopental preparation (Pentothal) 60 mg/kg body 
weight administered intravenously. A second laparot- 
omy was performed by an investigator blinded to the 
group status (A. A. T.) who had not been involved in 
any of the initial surgeries, and the pelvic adhesions 
were graded by a method suggested by Michael P. Dia- 
mond, MD (personal communication). A score of 0 to 
1.0 was given for the percentage of ovarian surface 
involved with adhesions. Separate scores were given to 
the incision line, the lateral ovarian surface, and the 
medial ovarian surface, which were then added for a 
total adhesion score for each ovary (Table I, Fig. 1). 
Standard analysis of the data was performed with the 
paired Student ¢ test. 
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Fig. 1. Ovarian adhesion scale. A, Represents medial surface 
of rabbit ovary; B, incision line, and C, lateral surface. Per- 
centage of each of these surfaces involved with adhesions is 
scored individually, then added for total adhesion score for 
ovary. 


Table I. Adhesion score scale 


Description of ovary | Potential score 


Percentage of incision covered with adhe- 0-1.00 
sions 
Percentage of lateral ovarian surface cov- 0-1.00 


ered with adhesions 


Percentage of medial ovarian surface cov- 0-1.00 
ered by adhesions 


Total adhesion score for each ovary 0-3.00 


(Diamond MP. Unpublished data.) 


Results 


For statistical analysis the animals were divided into 
two groups: group A (ovarian microsurgical closure) 
and group B (ovarian nonclosure). Comparison of total 
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adhesion scores in group A (closure) and group B (non- 
closure), summarized in Table II, shows a higher mean 
adhesion score in group A than that in group B, which 
is statistically significant to a p value of 0.02. 

The five control animals were evaluated separately 
with no adhesion formation in three animals and min- 
imal adhesions in the other two, suggesting that open- 
ing and closing the peritoneum alone contributed little 
to adhesion formation (Table III). There were also 14 
ovaries (23%) in the study animals with an adhesion 
score of zero. Eight of these were’ in the nonclosure 
group, whereas six were in the closure group. Four 
animals (13%) had no adhesions on either ovary. 
Graphic plotting of the ovarian adhesion scores from 
each animal (Fig. 2) shows the higher adhesion scores 
in the ovarian closure group, with the exception of five 
animals in which ovarian nonclosure resulted in more 
adhesions that that of ovarian closure. After reviewing 
these cases it was found that in one animal the adhe- 
sions in both ovaries were minimal; however, the ovary 
that was closed underwent severe atrophy with subse- 
quently fewer adhesions being formed than in the op- 
posite normal-sized ovary that was not closed. One of 
the nonclosure ovaries in another animal was fixed 
deep in the pelvic sidewall. The mobilization necessary 
to position the ovary for bivalving and bipolar cautery 
was very difficult and traumatic. In fact, the ovary was 
separated into three pieces during the procedure, elic- 
iting severe postoperative adhesion formation. In the 
remaining three animals, there was nothing unusual 
about the operations to indicate why nonclosure was 
more adhesiogenic than ovarian closure. It was the 
opinion of the statistician that these animals should be 
included in the study group, inasmuch as five of 30 
were too many to exclude as outlying data points from 
a statistical standpoint. Furthermore, it was not consid- 
ered statistically sound to exclude only one from this 
group even though excessive trauma was noted. 

Marked atrophy was an interesting finding at second 
laparotomy in eight ovaries. These were evenly distrib- 
uted among ovaries that were closed and those that 
were not closed. It was suspected to have occurred as 
a result of excessive bipolar cautery compromising the 
ovarian blood supply. However, it was also noted in 
cases in which only minimal cautery was used. The 
depth of the hilar incision was kept fairly consistent, 
but may be indirectly related to ovarian atrophy, in- 
asmuch as the deeper the incision the more cautery 
required to achieve hemostasis. 

In this study 11 ovaries were found encased in dense 
bowel adhesions. All but one of these ovaries had un- 
dergone microsurgical closure. The remaining ovary 
encased in dense adhesions was not closed, but had 
been mutilated by excessive trauma during the oper- 
ative procedure. 
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Four animals had superficial wound separations. 
There was no evidence of postoperative evisceration or 
peritonitis in any of the animals, and they responded 
to treatment of local wound care. The operating time 
was approximately 1 hour for most animals, with the 
exception of the control animals that had an operating 
time of about 30 minutes. 


Comment 


In this study we showed that nonclosure of ovarian 
surgical defects is less adhesiogenic than microsurgical 
closure in the rabbit model. Most of the adhesions in 
the closure group involved the incision line; with 100% 
of the incision line involved in one third of the closed 
ovaries, and >50% of the incision line was involved in 
over half these ovaries. All but one case of bowel adhe- 
sions to the adnexa involved ovaries in the closure 
group. In contrast, the incision line was much less fre- 
quently involved in adhesions in the nonclosure ovaries. 
This is consistent with previous studies that showed 
suture to elicit a foreign body tissue reaction with sub- 
sequent adhesiogenesis.*’ The paucity of adhesions to 
the incision line in the nonclosure ovaries suggests that 
the cauterized ovarian parenchyma did not elicit a sig- 
nificant inflammatory response. 

Trauma to tissue during the operative procedure also 
appeared to be a significant adhesiogenic factor. Most 
of these adhesions in the nonclosure ovaries involved 
the lateral and medial surfaces of the ovary and were 
most likely a result of trauma to the ovarian surface 
during manipulation. Instances in which excessive 
trauma to the tissue was noted during the operative 
procedure resulted in extensive postoperative adhesion 
formation. In fact, a partial explanation for the greater 
adhesions scores in the closure group may be the in- 
creased amount of manipuiation required for surgical 
closure. Thus gentle, atraumatic tissue handling is of 
paramount importance in decreasing adhesion for- 
mation," 7° 

Preservation of the ovarian blood supply also is crit- 
ical to ensure satisfactory results after ovarian recon- 
structive surgery. Compromise of the blood supply can 
result from certain types of surgical closure** and from 
excessive electrocautery, as we suspect may have oc- 
curred in some of our animals with ovarian atrophy. 
Failure to preserve a functioning ovary negates the pur- 
pose of conservative ovarian surgery. 

In applying this study in the rabbit model to the 
human patient, several factors must be considered. 
First, the rabbit ovary is much smaller and more friable 
than that in human beings, measuring approximately 
0.8 x 0.5 x 0.3 cm, making subcapsular closure tech- 
nically difficult, if not impossible, even with the oper- 
ating microscope. A subcapsular closure that is possible 
on human ovaries may be less adhesiogenic than the 
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Fig. 2. Graphic representation of adhesion scores for each study animal. A Represents four animals 
with adhesion score of zero on both ovaries. E Represents 21 animals with adhesion score of mi- 
crosurgically closed ovary greater than adhesion score of nonclosure ovaries. @ Illustrates five animals 
with nonclosure ovary adhesion score greater than adhesion score of ovary microsurgically closed. 


continuous suture through the ovarian capsule used in 
this study.’ Furthermore, after the surgical defects were 
created in the rabbit ovaries, the two halves of the ova- 
ries naturally fell together, restoring their natural shape 
and appearance. In contrast, after many ovarian pro- 
cedures in human beings, especially after resection of 
a cyst or an endometrioma, the remaining ovary is often 
a markedly distorted, thin, elongated shell. Whether 
adequate blood perfusion, hormone production, and 
tuboovarian relationships can be reestablished by this 
distorted ovary is yet to be determined. 

In conclusion, our data show that ovarian microsur- 
gical closure is significantly more adhesiogenic than 
ovarian nonclosure (p = 0.02). On the basis of these 
results, we suggest that for smaller surgical defects in 
which the ovarian architecture is not significantly al- 
tered, nonclosure of the defect is the management of 


choice. In larger defects in which the ovary is markedly 


distorted with a large denuded surface, the most ap- 
propriate management is unclear. At this time we rec- 
ommend surgical reconstruction of the ovary by inter- 
nal closure with a fine synthetic suture. With this tech- 
nique the edges of the ovarian capsule can be 
reapproximated and left open. An additional layer of 


Table II. Adhesion scores in ovarian 
microsurgical closure (group A) versus ovarian 
nonclosure (group B) 


| Mean adhesion score 


Group A 1.21 (SD + 1.12) 
Group B 0.67(SD + 0.79) 
Mean difference 0.543 (SD + 1.25) 


p Value = 0.02. 


Table III. Adhesion scores in control animals 


Control antmal | Adhesion score 


Gt A O ND me 
S 
— 
So 


suture to close the ovarian surface is not only unnec- 
essary, but more adhesiogenic. Special emphasis should 
be placed on atraumatic tissue handling to further min- 
imize adhesion formation. 
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Effects of danazol, gonadotropin-releasing hormone agonist, 
and a combination of danazol and gonadotropin-releasing 


hormone agonist on experimental endometriosis 


Masahiro Sakata, MD, Naoki Terakawa, MD» Takahiro Mizutani, MD, 
Osamu Tanizawa, MD, Keishi Matsumoto, MD,’ Nobuyuki Terada, MD, and 


Katsuichi Sudo, PhD? 
Osaka, Japan 


Effects of danazol, gonadotropin-releasing hormone agonist (leuprolide), and danazol-leuprolide 
combination on experimental endometriosis were evaluated in female rats. A complete resorption of the 
fluid and a marked decrease in the volume of endometrium autotransplanted under the renal capsule were 
found after castration (1.4 + 0.1 mm? in castrated, n = 14, vs 26.7 + 5.6 mm? in intact control, n = 16). 
Histologic examination indicated atrophy and regression of the endometrial explant. These atrophic 
changes of endometrial explant were also induced by danazol, leuprolide, and the combination treatment. 
However, the volume of expiants after combination therapy with danazol and leuprolide (1.8 + 1.0 mm?, 
n = 17) was significantly less than that after therapy with danazol (11.6 + 2.8 mm®, n = 20) or leuprolide 
alone (5.9 + 1.4 mm’, n = 24). The combination therapy (16/17) was also shown to be superior to 
danazol (9/20) or leuprolide alone (14/24) to induce the regression of fluid in experimental endomeiriosis. 
As expected, administration of leuprolide decreased the serum estradiol level, but use of danazol did not. 
These findings suggest that a combination therapy of danazol and gonadotropin-releasing hormone 
agonist, which show different modes of action, may be a potential modality in treatment of patients with 
advanced endometriosis. (Am J Osstet GyNecoL 1990;163:1679-84.) 


Key words: Endometriosis, danazol, gonadotropin-releasing hormone agonist, combination 


therapy 


Endometriosis is the presence of functioning endo- 
metrial glands and stroma outside the uterine cavity. 
The prominent symptoms of the disease are chronic 
pelvic pain and infertility, which are significant prob- 
lems in gynecology. The disease affects approximately 
10% of all women of reproductive age, and the need 
for an effective nonsurgical treatment is pressing, par- 
ticularly for patients concerned about their future fer- 
tility. Until recently, hormonal therapy of endometri- 
osis has been dominated by use of danazol, an isoxazol 
derivative of 17a-ethinyltestosterone. The results of 
several studies have shown the efficacy of danazol in 
the treatment of endometriosis.’ Dramatic improve- 
ment was noted in terms of both symptoms and signs 
and laparoscopic findings. The uncorrected fertility 
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rate ranged between 41% and 50%. However, recur- 
rences were common after completion of the treatment 
and the rates were more than 33% of treated patients. 

The chronic administration of potent agonistic an- 
alogs of gonadotropin-releasing hormone (GnRH) sup- 
presses gonadal! steroid production. Recently GnRH 
agonist has been used as a form of hormonal treatment 
for sex steroid—dependent diseases such as endome- 
triosis. In fact, the clinical usefulness of GnRH agonists 
in the treatment of endometriosis was demonstrated.” 
On the basis of the result of a multicenter double-blind 
comparative clinical study,’ both danazol and GnRH 
agonist nafarelin therapy remarkably reduced the ex- 
tent of disease as assessed by laparoscopy, and there 
were no Statistically significant differences in the im- 
provement of laparoscopic scores between the two reg- 
imens. Of the patients who attempted pregnancy, 39% 
succeeded after the completion of treatment; similar 
rates of pregnancy were obtained by both treatments. 
These results demonstrate that GnRH agonist is as ef- 
fective as danazol in the treatment of endometriosis. 
However, a clinical study® also showed that the treat- 
ment with either danazol or GnRH agonist resulted in 
a complete resolution in only a few patients with ad- 
vanced stages. Therefore the establishment of more 
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effective hormonal therapy in the treatment of patients 
with advanced endometriosis is necessary. 

The most probable mechanism of action of GnRH 
agonist—induced resorption of endometriosis is estro- 
gen deprivation and subsequent atrophy.** Conversely, 
the mode of action of danazol on the disease is not fully 
understood. It has been suggested that the action of 
danazol on endometriosis is attributable to the suppres- 
sion of ovarian function, caused by either its antigo- 
nadotropic nature or inhibition of ovarian steroido- 
genic enzymes.’ However, the pharmacologic action of 
danazol seems to be complex. During danazol treat- 
ment serum concentration of sex hormone—binding 
globulin was markedly suppressed, which resulted in a 
significant elevation of free testosterone.’ Danazol also 
binds to multiple classes of steroid receptors and be- 
haves as an androgen, glucocorticoid, or progestin.’ A 
clinical study demonstrated that danazol binds to pro- 
gestin receptors and shows progestin activity in human 
endometrium, suggesting a local progestin activity of 
the drug.® Furthermore, a short-term treatment with 
danazol induced atrophic change in the endometrium 
without a decrease in the level of serum estradiol.” An 
inhibitory effect of danazol on the growth of human 
endometrial cells? and endometrial adenocarcinoma 
cells? in culture was also demonstrated. These results 
suggest that danazol acts directly on the endometriotic 
tissues, and the action mechanism of danazol on en- 
dometriosis is different from that of GnRH agonist. A 
combined therapy with danazol and GnRH agonist may 
obtain a greater response rate than danazol or GnRH 
agonist alone in the treatment of patients with endo- 
metriosis. Therefore we initiated a trial of experimental 
endometriosis in female rats to determine whether a 
combined treatment with danazol and GnRH agonist 
is superior to danazol or GnRH agonist alone. In ad- 
dition, possible mechanisms of action of these com- 
pounds in endometriosis are discussed. 


Material and methods 


Study design. To evaluate the effects of compounds 
precisely, experimental endometriosis was induced in 
9-week-old Sprague-Dawley female rats by autotrans- 
plantation of endometrium under the renal capsule. 
After laparotomy the left uterine horn was resected and 
was opened by longitudinal incision, and the endo- 
metrium was dissected from the myometrium. Then a 
5 x 5 mm section of endometrium was grafted under 
the capsule of left kidney of the same animal. Two 
weeks later the attachment and the viability of endo- 
metrial explant were examined by second laparotomy, 
and the size (length, width, and height) of the explant 
was measured and the volume was then calculated. The 
criterion for determination of a viable graft was fluid 
accumulation. The rate of induction of endometriosis 
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was found to be >80%. The animals with endometriosis 
(with weights of approximately 250 gm) were randomly 
divided into five groups: intact rats treated with (1) 
vehicle alone (intact control), (2) GnRH agonist leu- 
prolide depot formulation (1 mg/kg body weight), (3) 
danazol (100 mg/kg body weight), (4) or danazol- 
leuprolide combination, and (5) ovariectomized rats 
treated with vehicle alone. Daily administration of dan- 
azol or vehicle was given by gastric gavage for 3 weeks. 
Leuprolide depot (leuprolide) was injected once sub- 
cutaneously. 

In the preliminary study the doses of two agents in 
female rats (1 mg/kg body weight for leuprolide and 
100 mg/kg body weight for danazol) were found to te 
optimal because the serum concentrations of leuprolide 
and danazol measured after treatment for 3 weeks were 
in the same range of those obtained in the clinical use. 
At third laparotomy performed 3 weeks after the be- 
ginning of treatment (24 hours after the last adminis- 
tration of danazol or vehicle), the effects of the treét- 
ments on endometriosis were evaluated. The presente 
of fluid accumulation and the size of endometrial ex- 
plant were examined. Then the explant was excised 
and fixed in 10% formalin for histologic evaluation. 
The ovaries, uterus, and pituitary gland were removed 
and weighed. Pituitary glands were immediately stored 
at — 80° C for GnRH binding assay. Blood was drawn 
from the descending aorta, centrifuged, and serum was 
stored at — 20° C for hormone assays. The guidelines 
for the care and use of the animals in this study were 
approved by Osaka Universi:y Medical School. 

Hormone assays. Serum concentrations of luteiniz- 
ing hormone, follicle-stimulating hormone, and estra- 
diol were measured by radioimmunoassay as described 
previously.” The minimum detectable level of assay was 
5 pg/tube for NIADDK-rLH RP-2,* 20 pg/tube for 
NIADDK-rFSH RP-2,* or 3 pg/tube for estradiol. The 
intraassay coefficients of variation in these assays 
were 8.5% for luteinizing hormone, 9.0% for follicle- 
stimulating hormone, and 38.0% for estradiol. Serum 
concentrations of danazol and leuprolide were also de- 
termined with high-performance liquid chromatogra- 
phy and radioimmunoassay as reported previously.’ "! 
These assays were performed by courtesy of the Divi- 
sion of Research and Development, Tokyo Tanabe Co., 
Ltd. (Tokyo), and Central Research Division, Takeda 
Chemical Industries, Ltd. (Osaka). The assay sensizivity 
was 3 ng/ml for danazol and 5 pg/tube for leuprclide. 

GnRH receptor assays. Jodination of GnRH agonist 
leuprolide and measurement of pituitary GnRH recep- 
tors were performed as reported previously” unless 
specified otherwise. Estimation of GnRH receptors was 


*Second international reference preparation from the Na- 
tional Institute of Arthritis, Institute of Arthritis, Diabetes, 
and Digestive and Kidney Diseases. 
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Fig. 1. Gross and microscopic appearance of experimental endometriosis at third laparotomy in 
intact control and ovariectomized rats. In intact control, fluid accumulates under the left renal 
capsule and an endometrial explant (arrow) is proliferative and well developed (A). Histologically, 
both gland and stroma of the explant are well preserved (B). In ovariectomized rat no fluid is found 
and the explant is visually absent (C). Histologically, marked atrophy and regression of the explant 
are shown (D). (Hematoxylin and eosin X 80.) 


done with membrane preparations from a single pi- 
tuitary by the incubation at 4° C for 4 hours. Because 
the affinity for specific GnRH binding sites in pitu- 
itaries of female rats was shown to be unchanged by 
danazol or leuprolide treatment, a saturating dose (1.25 
nmol/L) of iodine 125 leuprolide, with or without | 
pmol/L of unlabeled leuprolide, was used to determine 
the binding sites in this study. GnRH binding sites were 
expressed as femtomoles per milligram of protein of 
pituitary gland. 

Statistics. All values were expressed as mean + SE, 
and analysis of variance was used for the statistical anal- 
ysis. The evaluation of treatment on the regression of 
fluid in experimental endometriosis was analyzed sta- 
tistically with the x? test. 


Results 


All endometrial explants in 16 intact control animals 
were maintained essentially in the same size throughout 
the study (5.1 + 0.7 mm in length x 4.4 + 0.5 mm in 
width x 2.0 + 0.2 mm in height at second laparotomy 
vs 4.8 + 0.6 mm X 4.2 + 0.5 mm X 2.0 + 0.2 mm at 
third laparotomy). The gross and microscopic appear- 
ance of an explant at third laparotomy in intact control 
is shown in Fig. 1, A and B. Fluid accumulates under 
the renal capsule and the endometrial explant is pro- 
liferative and well developed. Histologically both gland 
and stroma of the explant are well preserved. Con- 
versely, a complete resorption of the fluid and a marked 
decrease in size of the explant occurred after castration. 
Gross and microscopic appearance of an explant in 
ovariectomized rat is shown in Fig. 1, C and D. The 
explant is visually absent. Histologic examination also 
shows marked atrophy and regression of the explant. 


The findings obtained in intact control and ovariecto- 
mized animals indicated that endometrial explant that 
is proliferating maintains essentially the same volume 
and shows accumulated fluid. Explant that became 
atrophic markedly reduced the volume and lost fluid. 
Therefore, in this study, the effectiveness of treatment 
on experimental endometriosis was evaluated with two 
separate parameters: the volume of the endometrial 
explant and formation of the fluid. At second laparot- 
omy the rats with endometriosis was randomly divided 
to five groups of intact control, castration, danazol 
treatment, leuprolide treatment, and danazol and leu- 
prolide combination. The volume of explants (mean + 
SE) was 30.0 + 6.2, 29.9 + 6.8, 28.0 + 4.8, 27.1 
3.8, and 27.9 + 5.4 mm’, respectively. The volume of 
explant in each individual at third laparotomy and the 
means of the volumes for each group are shown in Fig. 
2. Although the volumes of endometrial explants in 
intact control rats ranged widely from 8.3 to 86.0 mm* 
(26.7 + 5.6 mm’), all the explants maintained essen- 
tially the same volume throughout the experiment. En- 
dometrial explants markedly reduced to 1.4 + 0.1 mm’ 
(p < 0.01) in ovariectomized rats. The finding in ovari- 
ectomized animals shows that estrogen deprivation in- 
duces a marked regression of the experimental en- 
dometriosis. Endometrial explants also decreased to 
11.6 + 2.8 mm’ (p < 0.05) in danazol-treated rats and 
to 5.9 + 1.4 mm’ (p < 0.01) in leuprolide-treated an- 
imals. It was interesting to find that the explants mark- 
edly reduced to 1.8 + 1.0 mm? (p < 0.01) in danazol- 
leuprolide combination treatment. The volume of ex- 
plants after the combination treatment was significantly 
less than that after danazol treatment (p < 0.01) or leu- 
prolide treatment alone (p < 0.05) (Fig. 2). 
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Fig. 2. Therapeutic effects of ovariectomy, treatment with 
danazol, leuprolide, or danazol-leuprolide combination on ex- 
perimental endometriosis in female rats. The volume of en- 
dometrial explant (in cubic millimeters) in each individual at 
third laparotomy and the means of the volumes for each group 
(solid line) are shown. Danazol (100 mg/kg body weight per 
day) was administered by gastric gavage for 3 weeks and leu- 
prolide depot formulation (1 mg/kg body weight) was injected 
once subcutaneously. Numbers within parentheses indi- 
cate number of treated animals. Differences from danazol- 
leuprolide combination; p < 0.05 in leuprolide alone, p < 0.01 
in danazol alone. 


With regard to formation of the fluid in the exper- 
imental endometriosis, all endometrial explants in 16 
intact control rats accumulated fluid under the renal 
capsule. Conversely, complete resorption of the fluid 
accompanied by a marked atrophy of endometrial ex- 
plant occurred in 13 of 14 ovariectomized rats (93%). 
In the remaining one the fluid accumulated. The fluid 
completely regressed in nine of 20 (45%) danazol- 
treated and in 14 of 24 (58%) leuprolide-treated ani- 
mals. It was interesting to find that the fluid completely 
regressed in 16 of 17 (94%) animals by danazol- 
leuprolide combination. The therapeutic effect ob- 
tained in the combination was comparable to that ob- 
tained in castrated animals, and was significantly su- 
perior to that shown in animals treated with danazol 
(p < 0.01) or leuprolide (p < 0.05) alone. Serum con- 
centrations of leuprolide and danazol in leuprolide- 
and danazol-treated animals were 260 + 74 pg/ml 
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and 31 + 4 ng/ml, respectively. These concentra- 
tions in serum were similar to those in women who are 
given an effective dose of leuprolide or danazol.'' '° 

To show the action mechanisms of these com- 
pounds on experimental endometriosis, serum concen- 
trations of luteinizing hormone, follicle-stimulating 
hormone, and estradiol, and concentrations of pituitary 
GnRH receptors were determined under the treat- 
ment. Weights of uterus and ovaries were also mea- 
sured (Table I). As expected, GnRH agonist leuprolide 
significantly (p < 0.01) decreased serum estradiol con- 
centration as observed in castrated animals. However, 
serum estradiol was not decreased by danazol treat- 
ment. Serum estradiol value (38 + 5 pg/ml) in the 
leuprolide-treated group was similar to the estradiol 
value (38 + 4 pg/ml) in the danazol-leuprolide group 
(Table I). Uterine weight can be used as an index of 
estrogenic stimuli in female animals. We found that the 
changes in uterine weight under each treatment cor- 
related well with those in serum estradiol concentra- 
tions. These results strongly suggest that the GnRH 
agonist leuprolide suppressed estradiol production and 
induced regression and atrophy of experimental en- 
dometriosis. The results also suggest that danazol pos- 
sibly acted directly on the endometriotic tissues and 
induced atrophy. Therefore it is likely to consider that 
a greater response rate observed in danazol-leuprolide 
combination was obtained by the additive effects of 
danazol and leuprolide. 

Despite the marked reduction in serum estradiol af- 
ter leuprolide treatment, no decrease in radioimmu- 
noassayable luteinizing hormone or follicle-stimulating 
hormone in serum was observed (Table I). However, 
leuprolide significantly reduced the concentration of 
pituitary GnRH receptors and the ovarian weight. 
These data suggest that the inhibitory effect of GnRH 
agonist leuprolide on estrogen production in female 
rats with endometriosis can be explained by a decrease 
in the secretion of pituitary bioactive gonadotropins but 
not of immunoreactive gonadotropins. 


Comment 


In a preliminary study endometriosis was induced in 
mature female rats by autotransplantation of a section 
of endometrium to the peritoneal wall as described by 
Jones.'* However, we found some difficulties in eval- 
uating the effects of treatment on the peritoneal en- 
dometriosis. As a result of peritoneal adhesion, the 
measurement of size of endometrial implant was dif- 
ficult. Therefore in this study experimental endo- 
metriosis was induced under the capsule of kidney in 
mature female rats. The rate of induction of endo- 
metriosis in the kidney was >80%, and a precise eval- 
uation of the effects of treatment could be achieved by 
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Table I. Concentrations of serum gonadotropins, serum estradiol, and pituitary GnRH receptors and 
weights of uterus and ovaries in control and treated groups 













Luteinizing hormone 


(ng/ml) 


Treatment 








Control (n = 16) 0.9 + 0.1 4.0 + 0.4 

Castrated (n = 14) 8.0 + 1.2* 96.8 + 1:7* 

Danazol (n = 20) Or £203 3.9 = 0.3 

Leuprolide 0.7 = 0.) $222 
(n = 24) 

Danazol-leuprolide 0.5 + 0.1 3.7 + 0.4 


(n = 17) 


Follicle-stimulating 
hormone (ng/ml) 













Weight (mg) 










Estradiol 
(pg/ml) 


GnRH receptors 
(fmol/mg protein) 


Ovaries 


73°27 24+5 + 
26 = 7* 30 +5 63 + 4* — 
81 + 19 18 + 3 216 + 14 83 + 4 
38 + 5* 5 <= |* 15 = 3* 50 + 3* 
38 + 4* 9 + 9+ 125 + 8* 55 + 5* 





Numbers within parentheses indicate number of treated animals. 


*Difference from control, p < 0.01. 
+Difference from control, p < 0.05. 


the present model. All endometrial explants in intact 
control were viable and were maintained essentially in 
the same size throughout the study. Removal of the 
ovaries resulted in a marked decrease in the size and 
atrophy of the explant in all animals except one. The 
findings show that this animal model is useful in eval- 
uating the effects of therapy on endometriosis. Al- 
though use of both danazol and the GnRH agonist 
leuprolide, which are established compounds for treat- 
ment of endometriosis, were effective in decreasing the 
size and inducing atrophy and regression of the ex- 
perimental endometriosis in approximately half the 
treated animals, combination therapy with danazol and 
leuprolide regressed the endometriosis in 94% of 
treated animals. The therapeutic effect with the com- 
bination was comparable to that induced by ovariec- 
tomy. These results suggest that combination therapy 
with danazol and GnRH agonist is a potential modality 
in the treatment of endometriosis, particularly for ad- 
vanced stages of the disease. 

A possible mechanism of action of the compound in 
endometriosis was also examined in this study. GnRH 
agonist leuprolide did not inhibit the secretion of 
immunoreactive gonadotropins but reduced ovarian 
weight and serum estradiol in female rats with endo- 
metriosis. Pituitary GnRH receptors in the animals 
were markedly down regulated after leuprolide treat- 
ment. These results suggest that leuprolide suppressed 
ovarian estrogen production through the secretion of 
a qualitatively different and biologically less active go- 
nadotropin,” or through direct inhibition of ovarian 
steroid biosynthesis.'® We recently found that suppres- 
sion of estrogen production by GnRH agonist in pa- 
tients with endometriosis is induced through the sup- 
pression of the secretion of bioactive luteinizing hor- 
mone, but not through direct inhibition of ovarian 
estrogen biosynthesis.’ These results, together with 
those of a previous study in patients with endometri- 


osis,‘ suggest that leuprolide suppressed the secretion 
of bioactive gonadotropin, which resulted in the sup- 
pression of ovarian estrogen production in animals with 
endometriosis. 

In contrast to the GnRH agonist leuprolide, danazol 
did not decrease concentration of serum estradiol in 
animals with endometriosis. In nine female rats that 
responded to danazol and showed regression of en- 
dometriosis, decreases in serum estradiol concentra- 
tions were not observed (88 + 19 vs 73 + 7 pg/ml in 
intact control). The dose chosen for danazol in this 
study appears to be adequate and not suboptimal since 
the serum concentrations of danazol (31 + 4 ng/ml) 
24 hours after the last administration of the compound 
were in the same range of those in women receiving 
an effective dose of the compound in the treatment of 
endometriosis.'' '* It has been suggested that danazol 
produces anovulation and low levels of circulating es- 
trogen and progesterone in women by acting at the 
hypothalamic, pituitary, and ovarian levels.' However, 
there are several reports'” ' showing that danazol does 
not suppress serum estrogen level in women of repro- 
ductive age. We’ and others’ found that short-term 
treatment with danazol induces atrophic changes in hy- 
perplastic and normal endometrium without a decrease 
in the level of serum estradiol. One possible mechanism 
to support these findings is the marked increase in se- 
rum concentration of free testosterone during danazol 
treatment.’ Testosterone has also been shown to inhibit 
proliferation of endometrial cells in culture.” A direct 
inhibitory effect of danazol on the growth of normal! 
and malignant endometrial cells’ was also demon- 
strated. These results, combined with the previous re- 
sults, suggest that danazol either directly or indirectly, 
through the increase of free testosterone, acted on en- 
dometriotic tissues in female rats and induced regres- 
sion and atrophy. The combination therapy with dan- 
azol and GnRH agonist, which shows a different mode 
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of action, seems to have an advantage in the treatment 
of patients with advanced endometriosis. A clinical trial 
is under way in our department to clarify whether the 
combination therapy is a potential modality in the treat- 
ment of patients with advanced endometriosis. 
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Uterine artery estrogen receptors in the nonpregnant and 


pregnant guinea pig 


Joseph R. Leiberman, MD, Cor C. J. van Vroonhoven, Tech., Ilse Beckmann, PhD, 
Theo H. van der Kwast, MD, and Henk C. S. Wallenburg, MD, PhD* 


Beer Sheva, Israel, and Rotterdam, The Netherlands 


Uterine artery, heart, and aorta or carotid specimens of nonpregnant, midpregnant, and term pregnant 
guinea pigs were examined for estrogen receptors by immnocytochemical methods. Estrogen receptors 
were found in the nuclei of cells in the endothelial, muscle, and adventitia layers of the uterine artery wall. 
The concentration of estrogen receptors was slightly higher in nonpregnant and term pregnant animals 
than in midpregnancy. No estrogen receptors were found in the heart, aorta, or carotid specimens of all 
animals. These results confirm the uterine artery as a target organ of estrogen action that would eventually 
lead to arterial functional adaptation in different biologic periods. (AM J OsBsTteT GYNECOL 1990;163: 


1685-8.) 


Key words: Uterine artery, estrogen receptor, guinea pig, estrogen action, 


immunocytochemical methods 


It has been shown in various experiments that estro- 
gens induce dilatation of the uterine arteries in 
women,' in the rhesus monkey,’ the guinea pig,” and 
the ewe.’ In the guinea pig a single injection of a me- 
dium long-acting estrogen provokes a typical widening 
of the mesometrial arteries’ and stimulates deoxyri- 
bonucleic acid synthesis. The effects of estrogens on 
the reproductive tissues are mediated by intracellular 
receptors.’ Steroid-binding assays” ” have been used to 
quantify estrogen receptor concentrations in uterine 
arteries, but the necessary homogenization of tissues 
prevented identification of cells containing estrogen re- 
ceptors. The recent development of immunocytochem- 
ical methods that use monoclonal antibodies allows the 
intracellular detection’’ ™ and tissue localization of es- 
trogen receptors. 

The purpose of this study was to assess the presence 
and concentration of estrogen receptors in the uterine 
arterial wall of nonpregnant and pregnant guinea pigs. 


Material and methods 


Tissues were collected from four nonpregnant and 
seven pregnant albino (Hartley) guinea pigs bred in 
our laboratory. The guidelines for the care and use of 
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the animals approved by the Erasmus University were 
followed. The animals were kept in individual cages in 
a controlled environment (19° C, 50% humidity) with 
a light/dark cycle of 13 hours/11 hours. Animals were 
fed commercial guinea pig pellets, hay, and water 
ad libitum. Vitamin C was added to the drinking water 
twice a week. To remove various tissues for investiga- 
tion, the animals were anesthetized with ketamine hy- 
drochloride (30 mg/kg) and xylazine (3 mg/kg) ad- 
ministered intramuscularly. Lidocaine 2% was added 
subcutaneously at the incision site. At the time of op- 
eration three of the pregnant animals were at mid- 
pregnancy (between 25 and 35 days after mating) and 
four were at term (between 55 and 65 days pregnant). 
Segments of 10 mm length were taken from the left 
and right uterine arteries at the proximal and distal 
ends. The number of fetuses in each horn was counted. 
Endometrium and myometrium were sampled as ref- 
erence tissues. Finally, tissue samples were taken from 
the general vascular system, including the heart and 
aorta or carotid. The animals were killed by exsan- 
guination, and blood was collected, centrifuged, and 
the plasma was stored at — 20° C for hormone level 
determination. Estradiol and progesterone levels were 
measured by radioimmunoassay methods described 
previously.'® ' 

Specimens were partially fixed in buffered 4% form- 
aldehyde, dehydrated, and embedded in paraffin for 
conventional histologic study. The remaining parts 
were immediately frozen in chilled isopentane and 
stored in liquid nitrogen until use. Cryostat sections 
with a thickness of 6 wm were cut and fixed in a 4% 
formaldehyde—phosphate-buffered saline solution, pH 
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Fig. 1. Light micrograph of guinea pig uterine artery wall shows estrogen receptors with nuclear 


localization. (Original magnification X 1000.) 
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Fig. 2. Light micrograph shows distribution of estrogen receptors in endothelial, muscle cell, and 
adventitia layers of guinea pig uterine artery wall. (Original magnification X 250.) 


7.4, for 10 minutes at room temperature. After fixation 
the slides were incubated in chilled methanol and ace- 
tone, both at —20° C for 5 minutes and washed in 
phosphate-buffered saline solution (pH 7.4) for 10 to 
15 minutes. The tissues were incubated with a mono- 
clonal antiestrogen receptor antibody by means of 
the Abbott ER-ICA kit (Abbott, North Chicago, IIl.). 
The Abbott kit protocol was followed. The kit con- 
tains nonimmune goat serum, primary rat-monoclonal 
antiestrogen receptor antibody, linking goat-antirat 


antibody and the rat peroxidase-antiperoxidase com- 
plex. The immunocomplex was visualized with 3,3'- 
diaminobenzidine tetrahydrochloride. Two of the au- 
thors independently evaluated the staining semiquan- 
titatively by scoring the percentage of stained cells in 
the tissue. 


Results 


Details of animal weights and plasma hormone levels 
are shown in Table I. The horns of the pregnant ani- 
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Fig. 3. Light micrograph of guinea pig carotid artery shows no estrogen receptors. (Original mag- 


nification X 250.) 


mals contained two to five fetuses. Immunocytochem- 
ical staining revealed estrogen receptors in the nucleus 
of the cells in endothelium, muscle, and adventitia lay- 
ers of the uterine arterial wall in all three groups of 
animals. The percentage of stained cells was slightly 
higher in the nonpregnant (stained cells: 35.0% + 
16.2%, mean + SD) and term pregnant (33.6% + 
19.8%, mean + SD) animals than in the animals in mid- 
pregnancy (19.0% + 17.4%, mean + SD). A trend to 
higher percentages of stained cells was found in the 
adventitia in all three groups of animals. There were 
no animals without estrogen receptors in the uterine 
artery wall. Similar concentrations of estrogen recep- 
tors were found in the endothelial and muscle cell layers 
in most uterine artery segments. Proximal and distal 
segments of the uterine artery showed no difference 
in the relative number of estrogen receptors. Left and 
right uterine arteries had similar percentages of stained 
cells, and the number of fetuses in each horn had no 
influence on staining. The amount of stained cells of 
all animals was 49.9% + 13.5% (mean + SD) in the 
endometrium and 37.7% + 4.4% (mean + SD) in the 
myometrium, Heart, aorta, and carotid showed no es- 
trogen receptors in any of the animals in the three 


groups. 


Comment 


By means of immunocytochemical staining we have 
demonstrated the presence of estrogen receptors in the 
uterine artery wall of the nonpregnant and the preg- 
nant guinea pig. The insoluble chromogen produced 
by the staining method was easily visualized within the 
nuclei of the cells. We did not assess the staining in- 


Table I. Weight and hormone plasma levels in 
nonpregnant and pregnant guinea pigs 


Weight Estradiol | Progesterone 
(gm) (pmol/L) (nmol/L) 


Nonpregnant 
Median 787 27 1] 
Range 694-956 11-77 11-28 
Midpregnant 
Median 777 8 340 
Range 709-855 8-26 5-707 
Termpregnant 
Median 1244 189 717 
Range 1074-1394 143-355 159-1520 


tensity because small differences in thickness of the 
specimen may induce optically false images of the 
chromogen concentration. The estrogen receptors 
were found in the intima, media, and adventitia of the 
guinea pig uterine artery. Lessey et al.'* examined uter- 
ine tissue samples from women undergoing hysterec- 
tomy and found that vascular tissue within the sections 
did not bind antireceptor antibody at any stage of the 
cycle. In contrast, Perrot-Aplanat et al.'° found estro- 
gen and progesterone receptors in muscle cells of the 
rabbit uterus arterial bed. These authors also observed 
estrogen and progesterone receptors in smooth muscle 
cells in human endometrial spiral arteries, with strong 
Staining at the end of the luteal phase. 

We found slightly higher percentages of stained cells 
in uterine artery specimens from nonpregnant and 
term pregnant animals than in those obtained in mid- 
pregnancy. The scores for endometrial and myometrial 
staining were similar in all groups. This suggests a 
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change in estrogen sensitivity of the uterine artery in 
different periods of gestation, which may be related to 
the high progesterone/estradiol ratio we found in mid- 
pregnancy (see Table I). Because of the small number 
of animals, the differences were not statistically as- 
sessed. 

We were not able to demonstrate estrogen receptors 
in the heart, aorta, and carotid. This is in agreement 
with Perrot-Aplanat et al., who did not observe estro- 
gen or progesterone receptors in the rabbit myocar- 
dium, aorta, or intestinal, renal, hepatic, femoral, and 
pulmonary arteries. However, estrogen binding has 
been described by autoradiography in the muscle cells 
of the media of the renal artery in the rat. Estradiol 
binding was found in rat aortic smooth muscle cells in 
culture.” 
binding sites in the media, adventitia, or both of the 


Horwitz and Horwitz'™ observed estrogen 


dog aorta. Estrogen binding sites were observed also in 
endothelial cell cultures. The presence of estrogen 
receptors has been reported in human aorta.” Thus 
the absence of estrogen receptors in the heart, aorta, 
and carotid of the guinea pig may be explained by 
species variation or could perhaps be related to the 
sensitivity of the method. 


We thank Frank H. de Jong, PhD, for the estimations 
of steroids. 
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Foreword 


This statement on high blood pressure in pregnancy 
represents a consensus between obstetricians and in- 
ternists on a controversial topic in which no consensus 
existed previously. 

The National High Blood Pressure Education Pro- 
gram of the National Heart, Lung, and Blood Institute, 
working with the American College of Obstetricians 
and Gynecologists, appointed a working group of phy- 
sicians and scientists with expertise and experience in 
either hypertension or pregnancy or both. The group 
met five times between September 1988 and May 1989, 
and between the regular meetings members corre- 
sponded with each other by telephone, fax, and U.S. 
mail, exchanging ideas and drafts of chapters. The re- 
sulting document has been reviewed and approved by 
both the Coordinating Committee of the National High 
Blood Pressure Educational Program and the Com- 
mittee on Obstetrics: Maternal and Fetal Medicine 
of the American College of Obstetricians and Gyne- 
cologists. 
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The members of the Working Group were consci- 
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ations. 
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National High Blood Pressure Education Program Working 
Group Report on High Blood Pressure in Pregnancy 


This consensus report focuses the presentation, pathophysiology, and management of the hypertensive 
disorders of pregnancy expanding on recommendations first presented in 1988 by the Joint National 
Committee on Detaction, Evaluation, and Treatment of High Blood Pressure. Practicing physicians should 
determine whether a patient's hypertension during pregnancy falls into the classification of (1) chronic 
hypertension, (2) preeclampsia, (3) preeclampsia superimposed on chronic hypertension, or (4) transient 
hypertension. The distinction, for management considerations, is made between hypertension that is 
present before pregnancy (chronic and preexisting) and that occurring as part of the pregnancy-specific 
condition preeclampsia. When maternal blood pressure reaches diastolic levels of 100 mm Hg or greater, 
treatment should be instituted to avoid hypertensive vascular damage. The report includes a discussion of 
antihypertensive therapy specific to the chronic or acute hypertension occurring concomitantly with 
pregnancy. The roles of calcium supplementation and low-dose aspirin to prevent preeciampsia and 
chronic and transient hypertension are under investigation. (Am J Oastet Gynecol 1990;163:1689-1712.) 


Key words: Pregnancy, hypertension, preeclampsia 


Executive summary 


High blood pressure complicates almost 10% of all 
pregnancies, and the incidence is higher if the women 
are nulliparous or carrying multiple fetuses. Causes of 
hypertension in pregnancy are multiple, and many cur- 
rent and previously used classification systems are elab- 
orate and confusing, in part because of difficulty in 
making an etiologic diagnosis by clinical criteria alone. 
The consensus group recommends the schema pro- 
posed by the American College of Obstetrics and Gy- 
necologists (ACOG) in 1972, which has been in wide 
use for some time, is practical and concise, and consid- 
ers hypertension associated with gestation in only four 
categories: (1) chronic hypertension (of whatever cause 
but mainly essential), (2) preeclampsia, (3) preeclampsia 
superimposed on chronic hypertension, and (4) tran- 
sient hypertension. 

Preeclampsia (pure or superimposed) represents the 
greatest danger for the fetus and is associated with life- 
threatening maternal syndromes, whereas transient hy- 
pertension is a fairly benign disorder characterized by 
mild to moderate elevations of blood pressure late in 
pregnancy that return to normal post partum. Essential 
hypertension, also, is usually well tolerated if elevations 
remain (with or without therapy) below diastolic levels* 
of 100 mm Hg (Korotkoff phase V), but complications 
such as midtrimester loss, growth retardation, and 
abruptio placentae may occur more frequently. Because 
the preeclamptic syndromes and essential hypertension 
constitute more than three quarters of the hypertensive 
disorders in pregnancy, this document focuses on the 


*In this document diastolic blood pressure is defined as the 
onset of Korotkoff phase V (disappearance of sound). 


presentation, pathophysiology, and management of 
these diseases. 

Preeclampsia, a disease peculiar to pregnancy, mainly 
in nulliparous women, occurs primarily after gesta- 
tional week 20, most frequently near term. Signs help- 
ful in its diagnosis are presence of proteinuria, edema 
(especially if of recent and rapid onset), and any of the 
following: hemoconcentration, hypoalbuminemia, he- 
patic function or coagulation abnormalities, and in- 
creased urate levels. The predictive value of raised se- 
rum iron and low antithrombin III levels and hypo- 


_ calciuria is under investigation. 


A major pathophysiologic feature of this disease is a 
marked increase in peripheral resistance. This vaso- 
spasm is, in part, the result of exaggerated vascular 
responsiveness to circulating angiotensin II and cate- 
cholamines (and possibly an imbalance between throm- 
boxane and prostacyclin production). Before interven- 
tion, cardiac output is often decreased, pulmonary 
capillary wedge pressure is normal or low, and intra- 
vascular volume is below that of normal pregnant 
women. Renal hemodynamics also decrease in part be- 
cause of a characteristic morphologic lesion in the glo- 
merulus, and there may be increased vascular perme- 
ability leading to albumin loss from the intravascular 
space. Uteroplacental perfusion is often compromised, 
which may lead to fetal growth retardation. 

Preeclampsia can lead to two life-threatening com- 
plications. The first is a rapidly developing syndrome 
characterized by microangiopathic hemolytic anemia 
and marked signs of liver dysfunction, as well as co- 
agulation changes. This variant, termed HELLP (he- 
molysis, elevated liver enzymes, low platelet count), 
constitutes an emergency requiring prompt termina- 
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tion of pregnancy. The second complication is pro- 
gression of preeclampsia to a convulsive phase termed 


eclampsia, at one time the major cause of cerebral. 


bleeding and maternal death in this disorder. Pending 
or frank eclampsia also requires immediate termination 
of gestation. se Gi 

Therapy for preeclampsia when gestation is ad- 
vanced is delivery. Severe intrapartum hypertension is 
controlled with intravenous hydralazine, which is suc- 
- cessful in most instances. Favorable results have been 
recorded with parenteral diazoxide, labetalol, and clo- 
nidine as well as oral nifedipine. Nitroprusside should 
be avoided unless maternal jeopardy is extreme. Mag- 
nesium sulfate remains the drug of choice to prevent 
or treat eclamptic convulsions. 


Women with essential hypertension often have re- 


ductions in blood pressure during the first two trimes- 
ters; failure for this to occur is an unfavorable prog- 
nostic sign. When pharmacologic intervention is re- 
quired, a-methyldopa, because of its long history of safe 
use and a trial including a 7-year follow-up of the neo- 
nate, remains the drug of choice to treat chronic hy- 
pertension in pregnancy. Data relevant to B-blocking 
agents and combined B- and a-adrenergic receptor an- 
tagonists demonstrate their usefulness with little or no 
evidence of fetal jeopardy. Thiazide diuretics, which 
have been used safely in normotensive gravid women, 
may be used in hypertensive pregnant women, espe- 
cially those who are sensitive to salt. Preliminary infor- 
mation concerning calctum channel antagonists is also 
encouraging, but angiotensin-converting enzyme in- 
hibitors are contraindicated in pregnant women. 

Finally, like all pregnant women, those with hyper- 
tension should refrain from alcohol and tobacco. The 
roles of calcium supplementation and low-dose aspirin 
(which decreases thromboxane synthesis while sparing 
prostacyclin production) to prevent preeclampsia and 
chronic and transient hypertension are under investi- 
gation. 


introduction 


The hypertensive disorders during pregnancy are 
important causes of maternal death throughout the 
world, and most of these deaths are attributed to 
eclampsia. The hypertensive disorders also contribute 
extensively to stillbirths and neonatal morbidity and 
death. Hypertensive expectant mothers (or gravidas) 
are predisposed to the development of potentially le- 


thal complications, notably abruptio placentae, dissem-. 


inated intravascular coagulation, cerebral hemorrhage, 
hepatic failure, and acute renal failure. 

The prevalence of chronic hypertension in preg- 
nancy (that is, in those hypertensive women who be- 
come pregnant) is not known. It differs widely in dif- 
ferent geographic areas but is probably present in 1% 
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to 5% of all pregnancies.’ The number of women who 
become hypertensive during pregnancy (preeclamptic) 
is also unclear, but one estimate from an indigent pop- 
ulation is calculated to be about 13%, and incidences 
ranging from 10% to 20% have been noted in nullip- 


arous women.*® 


The purpose of this reportis to provide guidance to 
the practicing physician in (1) managing hypertensive 
patients who become pregnant (hypertension that is 
present and observable before pregnancy or diagnosed 
before the. twentieth week of gestation) and (2) man- 
aging pregnant patients who become hypertensive (the 
pregnancy-specific condition termed preeclampsia). — 
This report expands on the recommendations of The 
1988 Report of the Joint National Committee on De-’ 
tection, Evaluation, and Treatment of High Blood 
Pressure.’ | 


Classification of hypertensive disorders 

of pregnancy 

The most important consideration in the classifica- 
tion of increased blood pressure during pregnancy is 
the differentiation of hypertension that antedates preg- 
nancy from a pregnancy-specific condition, which is 


characterized by poor perfusion of many organs and 


usually has increased blood pressure as one of its fea- 
tures. In the former condition, elevated blood pressure 
is the cardinal pathophysiologic feature, whereas in the 
latter increased blood pressure is important primarily 
as a sign of the underlying disorder. As might be ex- 
pected, the impact of these two conditions on mother 
and fetus is quite different, as is their management. 
Unfortunately, attempts to differentiate these two 
classes of patients have led to confusion in terminology 
worldwide. The system proposed by the ACOG in 
1972, although imperfect, has been in wide use for 
some time and has the advantage of clarity and sim- 
plicity.* According to this terminology, women with in- 
creased blood pressure are divided into the following 
groups: | 

è Chronic hypertension 

è Preeclampsia-eclampsia 

è Preeclampsia superimposed on chronic hyper- 

tension 

¢ Transient hypertension 

Chronic hypertension. Chronic hypertension is de- 
fined as hypertension that is present:and observable 
before pregnancy or that is diagnosed before the twen- 
tieth week of gestation: Hypertension is defined as a 
blood pressure equal to or greater than 140/90 mm 


*More recent classifications are available from the ACOG,’ 
World Health Organization (WHO),"° and the International 
Society for the Study of Hypertension.’ This working group 
elected to use this earlier classification scheme for purposes 


of clarity. 
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Hg. Hypertension that is diagnosed for the first time 
during pregnancy and persists beyond the forty-second 
day post partum is also classified as chronic hyper- 
tension. 

Preeclampsia-eclampsia. The pregnancy-specific 
condition is termed preeclampsia in the ACOG 
classification® and usually occurs after 20 weeks’ ges- 
tation (or earlier with trophoblastic diseases such as 
hydatidiform mele or hydrops). It is determined by 
increased blood pressure accompanied by proteinuria, 
edema, or both. Either of the following criteria suffice 
for the diagnosis of hypertension in this situation: (1) 
systolic blood pressure increases of 30 mm Hg or 
greater or (2) diastolic blood pressure increases of 15 
mm Hg or greater from early values (average of values 
before 20 weeks’ gestation). If prior blood pressure is 
not known, readings of 140/90 mm Hg or greater after 
20 weeks’ gestation are considered sufficiently elevated 
to satisfy the blood pressure criteria of preeclampsia. 
Note, however, that many young pregnant women will 
show the blood pressure increase required for the di- 
agnosis of preeclampsia without increasing their pres- 
sure to 140/90 mm Hg. 

In preeclampsia and eclampsia the blood pressure 
often is widely variable from moment to moment, and 
two observers measuring the blood pressure succes- 
sively may obtain very different readings 

Proteinuria is defined as the excretion of 0.3 gm or 
greater in a 24-hour specimen. This will usually cor- 
relate with 30 mg/dl (“I+ dipstick”) or greater in a 
random urine determination. Proteinuria usually is a 
late sign in the course of preeclampsia; although tt is 
nonspecific, its appearance greatly bolsters the diag- 
nosis of preeclampsia. Edema is diagnosed as clinically 
evident swelling, but fluid retention may also be man- 
ifested as a rapid increase of weight without evident 
swelling. 

Preeclampsia always presents potential danger to 
mother and infant. However, certain signs are partic- 
ularly ominous: 

° Blood pressure of 160 mm Hg or more systolic or 

110 mm Hg cr more diastolic 

e Proteinuria of 2.0 gm or more in 24 hours (2+ or 
3+ on qualitative examination); the proteinuria 
should occur for the first time in pregnancy and regress 
after delivery 

© Increased serum creatinine values (> 1.2 mg/dl un- 
less known to be elevated previously) 

e Platelet count less than 100,000 wl or evidence 
of microangicpathic hemolytic anemia (with in- 
creased lactic acid dehydrogenase) 

e Elevated hepatic enzymes (alanine aminotransfer- 
ase or aspartate aminotransferase) 

è Headache or other cerebral or visual disturbances 

è Epigastric pain 
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e Retinal hemorrhage, exudates, or papilledema; 
these are extremely rare and it is most unlikely that they 
would occur in the absence of other major signs of severe 
disease; when present, these signs almost always denote 
underlying chronic hypertension 

¢ Pulmonary edema 

Eclampsia is the occurrence of seizures in a patient 
with preeclampsia that cannot be attributed to other 
causes. 

Preeclampsia superimposed on chronic hyperten- 
sion. There is ample evidence that preeclampsia may 
occur in women already hypertensive (1.e., who have 
chronic hypertension), and the prognosis for mother 
and fetus is much worse than with either condition 
alone. The Committee on Terminology? recommended 
that the diagnosis be made on the basis of increases of 
blood pressure (30 mm Hg systolic or 15 mm Hg di- 
astolic or 20 mm Hg mean arterial pressure) together 
with the appearance of proteinuria or generalized 
edema. 

Transient hypertension. Transient hypertension 1s 
the development of elevated blood pressure during 
pregnancy or in the first 24 hours post partum without 
other signs of preeclampsia or preexisting hyperten- 
sion. This condition is often predictive of the eventual 
development of essential hypertension. This is ob- 
viously a retrospective diagnosis, and if any uncertainty 
regarding the diagnosis exists, these patients should be 
managed as if they had preeclampsia. 

Problems with classification. Problems are inherent 
in the use of blood pressures measured in early preg- 
nancy to diagnose chronic hypertension or to define 
basal blood pressure for the diagnosis of preeclampsia. 
Blood pressure usually decreases early in pregnancy, 
reaching its nadir at about the stage of pregnancy at 
which women usually seek obstetric care. The decrease 
averages 7 to 10 mm Hg for diastolic readings. In some 
women, obviously, blood pressure decreases more than 
7 to 10 mm Hg, and the early decline and subsequent 
return of blood pressure to or toward. prepregnant 
levels in late gestation will be sufficient to diagnose 
preeclampsia. Because women who are hypertensive 
before pregnancy have a greater decrease in blood 
pressure in early pregnancy than do normotensive 
women,’ they are even more likely to be erroneously 
diagnosed as having preeclampsia according to blood 
pressure criteria. 

It is well established that seizures as a result of 
eclampsia may occur when the blood pressure is only 
mildly increased.» “ Therefore any rise in blood pres- 
sure in a pregnant woman is potentially dangerous, and 
the final diagnosis of “mild” or “severe” preeclampsia 
should not be made until after the patient is delivered 
and returns home. 

Even the triad of proteinuria, edema, and hyperten- 
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sion is nonspecific; each sign could be the result of 
conditions other than preeclampsia. Edema is a phys- 
iologic finding present in many normal pregnant 
women. There is no reason to believe that the normal 
physiologic edema of pregnancy should not occur in 
women with transient hypertension, but when it does 
the clinically oriented classification calls for the diag- 
nosis of preeclampsia (almost always “mild preeclamp- 
sia”). Transient hypertension is sometimes the pre- 
proteinuric phase of preeclampsia and sometimes the 
recurrence of chronic hypertension abates in mid- 
pregnancy, but more often it seems to be a mani- 
festation of latent essential hypertension brought to 
light by pregnancy, as several follow-up studies have 
shown." Transient hypertension has a high rate of 
recurrence in later pregnancies {up to 88%) and prob- 
ably is the usual basis for the erroneous diagnosis of 
preeclampsia in multiparous women. 

The diagnosis of superimposed preeclampsia is es- 
pecially difficult. Women fulfilling diagnostic criteria 
for superimposed preeclampsia may indeed have pre- 
eclampsia, but in some of these women the origin of 
signs may instead be renal disease, either causing the 
hypertension or caused by it, that may coincidentally 
worsen during pregnancy. Conversely, many women 
who actually have preeclampsia may. not have been di- 
agnosed. This is a special problem in women receiving 
antihypertensive therapy, in whom early stages of su- 
perimposed preeclampsia without proteinuria may be 
masked by therapeutic lowering of blood pressure. Su- 
perimposed preeclampsia is especially difficult to di- 
agnose in the hypertensive woman with proteinuria at 
the onset of pregnancy. To aid in diagnosis, investi- 
gators have suggested using criteria such as increasing 
levels of serum uric acid and decreasing platelet 
counts.’* 

Preeclampsia has a clinical spectrum ranging from 
mild to severe forms and then potentially to eclampsia. 
Affected patients do not “catch” eclampsia but progress 
through this spectrum. In most cases progression will 
be slow and the disorder may never proceed beyond 
mild preeclampsia. In others the disease may progress 
more rapidly, changing from mild to severe in days to 
weeks. In the most serious cases, progression may be 
fulminant, with mild preeclampsia evolving to severe 
preeclampsia or eclampsia within days or even hours. 
Thus for clinical management, preeclampsia should be over- 
diagnosed, because a major goal in managing preeclampsia 
is the prevention of eclampsia, primarily through timing of 
delivery. 

More stringent criteria must be used in the selection 
of cases for research studies of preeclampsia. No clas- 
sification is accurate or verifiable in the absence of a 
good understanding of the cause of preeclampsia to 
permit the development of a specific diagnostic test. 
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Definitions that depend on a numeric threshold arbi- 
trarily imposed on a continuous spectrum of changes 
(e.g., rising blood pressure) create artifacts around the 
chosen threshold. This is particularly true of the def- 
initions for hypertension in pregnancy and preeclamp- 
sia. A major obstacle to the advancement of our knowl- 
edge of, preeclampsta-eclampsia is the publication of 
studies of “mild preeclampsia,” because the diagnosis 
is likely to be erroneous in half the cases; the women 
may have preeclampsia, transient hypertension, or 
chronic hypertension that abated during much of preg- 
nancy or any of a wide variety of renal diseases.’ 

Another problem pertinent to clinical management 
is that some women with pregnancy-specific patho- 
physiologic changes identical to those present in pre- 
eclampsia, including coagulation and liver function ab- 
normalities, will not have the specific signs of pre- 
eclampsia sufficient to satisfy the ACOG definition.” 
These women are nonetheless at increased risk, as are | 
their infants, and should be managed like the more 
typical patient with preeclampsia. 

In spite of the difficulties in making the clinical di- 
agnosis, there is no question that a pregnancy-specific 
condition (preeclampsia in the ACOG Committee’s clas- 
sification)? in which reduced perfusion to many organs, 
including the placenta, results in increased maternal 
and fetal morbidity and death. Unlike chronic hyper- 
tension, in which hypertension is the important patho- 
genic factor, in preeclampsia blood pressure is usually 
important primarily as a marker of disease. Also unlike 
chronic hypertension, which progresses slowly over the 
years, preeclampsia can proceed rapidly, with attendant 
increased risk to mother and infant. Thus it is man- 
datory to attempt to differentiate these disorders to 
appropriately manage the pregnant woman with in- 
creased blood pressure. If a diagnosis of preeclampsia can- 
not be excluded, it is most appropriate to manage the woman 


as though she had preeclampsia. 


Blood pressure in normal pregnancy and the 
epidemiology of hypertensive disorders 


As noted previously, diastolic pressure decreases by 
an average of about 7 to 10 mm Hg early in gestation, 
with a rise to or toward the (assumed) prepregnancy 
levels in the third trimester. Only minimal changes in 
the systolic pressure seem to occur, which is reasonable 
because the increase of 30% to 40% in the cardiac out- 
put largely offsets the decrease in total peripheral re- 
sistance. : 

The following factors predispose to preeclampsia- 
eclampsia: 

e Primigravid women are from six to eight times 

more susceptible than are multiparous women.” 

e About one third of primigravid women who have 

had eclampsia have hyperiension in about 20% of 
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later pregnancies, but generally they have mere 
rises in blood pressure alone (transient hyperten- 
sion) rather than preeclampsia. Only 10% to 15% 
have proteinuric hypertension.’ Transient hyper- 
tension, usually miscalled mild preeclampsia in the 
past as well as in some current classifications, recurs 
in 80%'* to 88%" of women pregnant again and 
often portends ultimate chronic hypertension. 

¢ Multiparous women who have had preeclampsia 
or eclampsia usually have some predisposing fac- 
tor, often chronic hypertension; in these women 
the recurrence of superimposed preeclampsia may 
be as high as 70%.’ 

e The tendency for preeclampsia is inherited.” 

e Twin pregnancy increases the risk five times.”! 

e Diabetes is a potent factor, but relative risk cannot 
be specified because diabetic persons often have 
other forms of hypertension that confuse the di- 
agnosis.” 

e Large, rapidly growing hydatidiform moles in- 
crease the risk 10 times in both primigravid and 
multiparous women.” 

® Fetal hydrops increases the risk 10 times in both 
primigravid and multiparous women.” 

Relative risk of chronic hypertension cannot be es- 
timated because the incidence of superimposed pre- 
eclampsia varies greatly as diagnosed and is greatly 
overdiagnosed from one center to another. 

Contrary to popular belief, hydramnios alone” and 
social class” do not predispose to preeclampsia, which 
has the same incidence in white and black American 
women. Lack of prenatal care may lead to failure 
to recognize this condition in its early stages. Black 
women in the childbearing age have two to three times 
the prevalence of essential hypertension than white 
women. In black women frank and latent chronic hy- 
pertension and transient hypertension often are mis- 
diagnosed as preeclampsia. 

Pregnancy can be considered a screening test for ul- 
timate chronic hypertension because women with nor- 
motensive pregnancies, especially after age 25 years, 
have a low likelihood of developing later chronic hy- 
pertension; women with transient hypertension have a 
high probability of ultimate essential hypertension. 
Preeclamptic and eclamptic hypertension predict noth- 
ing, because the disorder does not permit the screen- 
ing. Had it not been for the intercurrent and unre- 
lated preeclampsia, the pregnancy could have been 
either normotensive cr complicated by transient hy- 
pertension. 


The pathology and pathophysiology of 
hypertension in pregnancy focusing 
on preeclampsia 


Vasospasm. Vasospasm is presumed basic to the 
pathophysiology of preeclampsia-eclampsia. Vascular 
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constriction causes resistance to blood flow and sub- 
sequent arterial hypertension. In some presentations 
the cardiac output is not maintained, and the resulting 
absent or mild hypertension underestimates the sever- 
ity of the disorder. In this context it should be noted 
that there is good evidence for the condition of “nor- 
motensive preeclampsia.”** Vasospasm and associated 
vascular damage that cause endothelial ceil leaks, to- 
gether with local hypoxia of surrounding tissues, pre- 
sumably lead to hemorrhage, necrosis, and other end- 
organ disturbances of severe preeclampsia. 

Vascular reactivity to infused angiotensin H and cat- 
echolamines is decreased in normal pregnancy. There 
is an increased pressor response to some vasoactive hor- 
mones in early preeclampsia,” and this increased re- 
sponse clearly precedes the onset of hypertension.” 
Angiotensin I] refractoriness, observed in normal 
pregnancy, may be mediated by vascular endothelial 
synthesis of vasodilatory prostaglandins (e.g., prosta- 
cyclin or prostaglandin E, or a prostaglandin-like sub- 
stance). There are data suggestive that preeclampsia 
may be associated with inappropriately increased pro- 
duction of a prostaglandin with vasoconstrictor prop- 
erties or either increased inactivation or diminished 
synthesis or release of another with vasodilator prop- 
erties or a combination of these events. 

Cardiovascular changes. Values obtained by invasive 
cardiovascular monitoring in women with severe pre- 
eclampsia and eclampsia have helped to define cardio- 
vascular status. At least five general observations can 
be made?*!**: (1) Before treatment, myocardial contrac- 
tility is rarely impaired. (2) Cardiac afterload is ele- 
vated in the absence of therapeutic interventions. 
(3) Cardiac output varies inversely with vascular re- 
sistance. (4) Medications that reduce vascular resistance 
(e.g., hydralazine) result in increased cardiac output. 
(5) Ventricular preload, measured by central venous 
and pulmonary capillary wedge pressures, is usually 
normal or even low in severe preeclampsia and eclamp- 
sia, unless substantial volumes of fluids are adminis- 
tered. 

Hemoconcentration is common in women with se- 
vere preeclampsia or eclampsia, and the intravascular 
volume expansion that is normal for pregnancy is not 
present or is reduced significantly.” The woman of av- 
erage size usually has a blood volume of nearly 5000 
ml during the last several weeks of a normal pregnancy, 
compared with about 3500 ml when nonpregnant. 
With preeclampsia or eclampsia, however, pregnancy- 
induced hypervolemia either never develops or is re- 
duced significantly after vasospasm ensues. In the ab- 
sence of hemorrhage, the intravascular compartment . 
in these women usually is not “underfilled,” because 
vasospasm has contracted the space to be filled. Hemo- 
concentration usually persists a few hours to a few days 
after delivery when typically the vascular system dilates, 
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the blood volume increases, and the hematocrit level 
falls. In the woman with severe preeclampsia or eclampsia, 
therefore, hypertension may be exacerbated and the risk of 
pulmonary edema increased as the result of vigorous fluid 
therapy administered in an attempt to expand the contracted 
blood volume to normal pregnancy levels. Likewise hypovo- 
lemia can develop even with normal blood lass at delivery. 

Hematologic changes. Thrombocytopenia, although 
infrequently severe, is the most commonly found he- 
matologic aberration (by routine clinical testing) asso- 
ciated with hypertension in pregnancy. Fibrin degra- 
dation products in serum are elevated only occasionally. 
Unless there is some degree of abruptio placentae, 
plasma fibrinogen levels do not differ remarkably from 
levels found late in normal pregnancy.” 

Antithrombin III levels are lower and fibronectin 
levels higher in women with preeclampsia compared 
with normal pregnant women; these levels are consis- 
tent with those in vascular endothelial injury.** * The 
clinical utility of serial antithrombin II or fibronectin 
measurements for the diagnosis and management of 
preeclampsia awaits further evaluation. 

The development of overt thrombocytopenia (i.e., a 
platelet count <100,000/1) is an ominous sign in 
women with preeclampsia. Without delivery, the plate- 
let count most often continues to decrease and may 
reach levels that can result in cerebral or subcapsular 
hepatic bleeding, as well as excessive blood loss during 
and after delivery, especially by cesarean section. Ma- 
ternal thrombocytopenia is not an indication for cesarean de- 
_ livery. 

The cause of the thrombocytopenia is not firmly es- 
tablished. It has been ascribed to platelet deposition at 
sites of endothelial damage” or to an immunologic pro- 
cess.** There is no firm evidence that the fetuses-infants 
born to women with severe preeclampsia-eclampsia 
will have thrombocytopenia, despite severe maternal 
thrombocytopenia.” 

Renal changes. The majority of women with pre- 
eclampsia have mild to moderately diminished renal 
perfusion and glomerular filtration with correspond- 
ingly elevated plasma creatinine and uric acid levels. 
An elevated plasma creatinine level is a late develop- 
ment in the evolution of preeclampsia and is often dis- 
cerned only in the range that would be considered nor- 
mal for nonpregnant individuals (e.g., 0.8 to 1.0 
mg/dl). In some cases of severe preeclampsia, renal 
involvement may be profound and plasma creatinine 
levels may be elevated twofold to threefold over normal 
values in nonpregnant women. This probably is caused 
by intrinsic renal changes.” In unusual instances, pre- 
eclampsia may lead to acute tubular, and even cortical, 
necrosis. 

Although some degree of proteinuria should be 
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found for the diagnosis of preeclampsia-eclampsia to 
be reliable,’ proteinuria usually develops late in the 
course of the disease, so some women may be delivered 
before it appears. Thus they may have “true preeclamp- 
sia” without proteinuria. This type of proteinuria is 
nonselective; the increased permeability includes pro- 
portionally more of larger molecular weight proteins 
such as transferrin and several globulins than in renal 
diseases with selective proteinuria. Thus abnormal al- 
bumin excretion is accompanied by increased quantities 
of many other proteins. Proteinuria usually recedes 
within 1 week after delivery ard resolution of hyper- 
tension, but in exceptional cases the protein leak mav 
take more than | month to heal. 

Renal changes identifiable by light and electron mi- 
croscopy include those in the capillary loops, which are 
variably dilated and contracted. The endothelial ceils 
are swollen; deposited within and beneath these cells 
are fibrils, which have been mistaken for thickening 
and reduplication of the basement membrane. Electron 
microscopic studies are consistent with the view that the 
characteristic changes are caused by swelling of intra- 
glomerular cells, primarily endothelial cells but on oc- 
casion mesangial cells. These changes, which may be 
accompanied by subendothelial deposits of a fibrinlike 
protein material, are termed glomerular capillary endothe- 
liosis.*°? 

Hepatic changes. Severe preeclampsia may result in 
alterations in tests of hepatic function and integrity, 
including elevation of serum aspartate aminotransfer- 
ase levels. The lesion most likely to account for hepatic 
impairment is periportal hemorrhagic necroses. Bleeding 
from these lesions may extend beneath the hepatic cap- 
sule to form a subcapsular hematoma. Hepatic involve- 
ment in preeclampsia-eclampsia is serious, and it fre- 
quently is accompanied by evidence of involvement of 
other organs, especially the kidney and brain, along 
with hemolysis and thrombccytopenia.” 

Changes in the brain. The principal postmortem le- 
sions described in the brains of women who died of 
eclampsia are hyperemia, focal anemia, thrombosis, 
and hemorrhage.“ Cerebral blood flow, oxygen con- 
sumption, and vascular resistance were reported as not 
altered in women with preeclampsia,” but the possi- 
bility of focal blood flow changes could not be excluded. 
However, cerebral oxygen consumption is reported to 
be decreased by 20% in eclampsia with normal blood 
flow, such that McCall” alluded to it as “histotoxic hyp- 
oxia.” Nonspecific abnormalities in the electroenceph- 
alogram are common in women with eclampsia within 
48 hours of seizures, but the tracings are usually normal 
by 3 months.“ 

Until recently, cranial computed tomographic scans 
usually were reported to be normal in women with 
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otherwise uncomplicated eclampsia. However, with 


more advanced equipment, nearly half of women with 
eclampsia have abnormal radiographic findings.“ The ` 


most common of these findings are hypodense areas, 
frequently seen in the cortical areas, that correspond 
to areas of petechial hemorrhage and infarction.” 

Although visual disturbances are common with se- 
vere preeclampsia, blindness, either alone or accom- 
panying convulsions, is uncommon. Women with amau- 
rosis of varying degrees usually have computerized 
tomographic evidence of extensive occipital lobe hy- 
podensities. These women completely recover within 
1 week. Retinal detachment also may cause altered vision, 
although it is usually one-sided and seldom causes 
total loss of vision. Even without surgical treatment, 
vision usually returns to normal within approximately 
l week. : 

Uteroplacental perfusion. Compromised placental 
perfusion caused by placental disease (failure of tro- 
phoblastic invasion of spiral arteries) and vasospasm. is 
almost certainly a major culprit in the genesis of in- 
creased perinatal morbidity and death associated with 
preeclampsia. However, there are formidable problems 
to measuring uteroplacental blood flow in humans with 
preeclampsia. In an earlier study” it was observed that 
“Na injected into the intervillous space was cleared two 
to three times more rapidly in normotensive pregnant 
women than in women with preeclampsia, implying 
decreased uteroplacental perfusion. 

These findings are supported indirectly by studies of 
the clearance rate of dehydroisoandrosterone sulfate 
through placental conversion to estradiol-17B. More 
recently, measurement of the velocity of blood flowing 
through the uterine arteries has been used to estimate 
uteroplacental blood flow. Using arterial velocity wave- 
forms obtained by Doppler ultrasonography, vascular 
resistance is estimated by comparing systolic and dia- 
stolic waveforms. Normally the uterine vascular bed is 
a low-resistance circuit and flow continues throughout 
diastole. As resistance increases, diastolic velocity di- 
minishes in relation to systolic velocity, and this rela- 
tionship is used to estimate decreased flow. Some in- 
vestigators report an increased systolic-diastolic ratio in 
uterine arteries of women with preeclampsia. *' It 
should be emphasized that the aforementioned meth- 
ods do not measure perfusion. 


Differential diagnosis of hypertension 

in pregnancy 

Discussions concerning the clinical spectrum of the 
hypertensive disorders in pregnancy relate to those 
symptoms, signs, and laboratory aberrations that per- 
mit differentiation of preeclampsia (pure or superim- 
posed) from the more benign forms of high blood pres- 
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sure, mainly essential and gestational (or transient) hy- 
pertension. 

The need to distinguish preeclampsia from other dis- 
orders is particularly important in the management of 
women in midpregnancy (before gestational week 28) 
and in counseling about future pregnancies. With re- 
spect to the former, patients with midterm elevations 


_in blood pressure caused by essential hypertension may 


be managed conservatively even when they have mod- 
erate to severe degrees of hypertension. However, at- 
tempts to temporize in the presence of severe pre- 
eclampsia can be disastrous, as shown by Sibai et al.” 
These authors attempted conservative therapy in 60 
consecutive gravida women with severe preeclampsia 
between the eighteenth and twenty-seventh gestational 
weeks. The perinatal mortality rate was 87%. Ten 
mothers had convulsions, two had hypertensive en- 
cephalopathy, and one had an intracerebral hemor- 
rhage. In addition, there were five instances of severe 
coagulopathy, one resulting in a ruptured capsular he- 
matoma of the liver, and three women had acute renal 
failure. Although there are still dissenting opinions, 
most authorities consider temporization of severe mid- 
term preeclampsia too risky, and interruption of ges-. 
tation is usually in the mother’s best interest. 

The second reason for establishing a correct diag- 
nosis relates to counseling. Subsequent pregnancies are 
often apt to be normotensive when preeclampsia- 
eclampsia develops in nulliparous women, whereas pre- 
eclampsia (or high blood pressure as a result of other 
causes) in a multiparous woman is associated with a 
greater likelihood of hypertension in subsequent ges- 
tations. In summary, when hypertension complicates 
pregnancy, establishing an accurate diagnosis may be 
useful both to help clinicians assess the immediate well- 
being of mother and fetus and to counsel her when she 
seeks advice on future pregnancies. | 

Results from renal biopsy studies underscore the dif- 
ficulty in distinguishing clinically between preeclampsia 
(pure or superimposed) and other causes of high blood 
pressure in pregnancy. Investigators continue to seek 
sensitive and specific tests with which to make this dif- 
ferentiation.’ ° Some tests now of historic interest only 
include demonstration of decreased fractional urate 
clearance, reduced sodium excretory capacity after in- 
fusions of hypertonic saline solution, and exaggerated 
pressor responses to vasopressin or after changing 
from lateral recumbency to a supine posture (the “roll- 
over” maneuver). These tests have proved unreliable 
or have insufficient specificity to make them clinically 
useful.’ í 

Several additional approaches that might help in the 
correct diagnosis of pure or superimposed preeclamp- 
sia have been proposed recently. These include mea- 
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surements of plasma antithrombin HI,” serum iron 
and carboxyhemoglobin,™ and urinary excretion of cal- 
cium.” Currently, however, the validity of these ap- 
proaches has not been proved,* and some have been 
challenged.* Other tests under study are detection of 
antibodies to laminin” and identification of serum fac- 
tors that increase mitogenic activity in fibroblasts or are 
toxic to endothelial cells in culture.” * 

« Recommended laboratory tests. Laboratory tests 
may aid in the diagnosis and management of hyper- 
tension during pregnancy. They also provide reference 
data when high-risk patients are first seen for prenatal 
care. 

High-risk patients with normal blood pressure. Gestations 
in women with normal blood pressure but at high risk 
include women with a history of increased blood pres- 
sure when not pregnant, those who have had hyper- 
tension in a previous pregnancy other than the first, 
and those with diabetes, collagen vascular disease, or 
underlying renal vascular or renal parenchymal disease 
(see section on Blood Pressure in Normal Pregnancy 
and the Epidemiology of Hypertensive Disorders). Cer- 
tain baseline data, when compared with results ob- 
tained in later gestations, will assist in the early diag- 
nosis of preeclampsia. Baseline data in such women 
should include hematocrit, hemoglobin, and platelet 
count, as well as serum creatinine and uric acid levels. 
If routine urinalysis demonstrates qualitative protein- 
uria of 1+ or greater, a 24-hour collection should be 
obtained, including determination of creatinine con- 
tent to check for accuracy of measurement and to per- 
mit calculation of the creatinine clearance. Some might 
include serum albumin and serum oxaloacetic trans- 
aminase determinations in the baseline assessment, 
whereas others would seek these tests only in the pres- 
ence of frank hypertension. These patients should also 
undergo ultrasonography at the initial visit for accurate 
dating and as a baseline for evaluating subsequent fetal 
growth. 

Patients with hypertension before gestational week 20. Most 
women with hypertension before gestational week 20 
have (or will have) essential hypertension, and their 
management is discussed in the next section. Some 
of these patients will be under the care of primary 
physicians and will have been screened for signs of 
secondary hypertension. If not, we recommend the 
approach to evaluation and diagnosis of hyperten- 
sion suggested in The 1988 Report of the Joint Na- 
tional Committee on Detection, Evaluation, and Treat- 
ment of High Blood Pressure.’ Finally, gravid women 
with preexisting or early gestational hypertension 


*Studies designed to detect preeclampsia are currently 
hampered by the fact that renal biopsies are rarely indi- 
cated today, and absence of morphologic correlations makes 
‘it difficult to assess the true sensitivity and specificity of test 
results. - 
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are among the population in whom secondary hy- 
pertension is more apt to be found (e.g., renal dis- 
ease, renovascular hypertensior, primary aldosteron- 
ism, Cushing’s syndrome, and pheochromocytoma). 
Thus further evaluation is warrented even for minimal 
suspicion. For example, pheochromocytoma, although 
rare, has a propensity to manifest or be activated by 
pregnancy, and it is associated with high maternal mor- 
tality rates when undiagnosed. ® Thus suspicion 
warrants performance of a screening test to detect 
pheochromocytoma (e.g., 24-hour excretion rate of 
vanillylmandelic acid or metanephrines or plasma nor- 
epinephrine and epinephrine levels). 

Baseline determinations of renal function (serum 
creatinine and uric acid levels) and platelet count can 
be compared with values in later pregnancy to help 
determine if increases in blocd pressure at this time 
are the usual physiologic increases in blood pressure 
or the onset of preeclampsia. Because these fetuses are 
at high risk for the development of intrauterine growth 
retardation, baseline ultrasonography for dating and 
fetal size are indicated before 20 weeks’ gestation. 

Patients with hypertension after midpregnancy. Table I 
summarizes the laboratory evaluation of women with 
hypertension after midpregnancy and the rationale for 
testing them biweekly or more often if clinical circum- 
stances lead to hospitalization of the patient. It is im- 
portant to recognize that one or more of these abnor- 
malities may be present even when blood pressure 
elevation is minimal. If there is a life-threatening ab- 
normality such as coagulopatay or abnormal hepatic or 
renal function, it may be necessary to terminate the 
pregnancy despite only mild hypertension (see section 
of Management of Preeclampsia). 


Management of hypertension in pregnancy 

Management of preexisting chronic hypertension 
in pregnancy 

Counseling. Hypertensive women considering preg- 
nancy should be counseled before conception. They 
should be informed of the high likelihood of a favorable 
outcome in most cases of mild to moderate essential 
hypertension. They should be aware of the increased 
risk of superimposed preeclampsia and the possible 
complications if preexisting renal disease or systemic 
illness is present. 

It is helpful to inform women before pregnancy of 
possible adjustments in life-style that may be necessary 
during pregnancy if the blcod pressure is elevated, spe- 
cifically, the possibility that restricted activity, bed rest, 
or even hospitalization may be advisable. 

Patients with intrinsic renal disease who are nor- 
motensive and have minimal renal dysfunction usually 
do well in pregnancy. However, those with azotemia 
(creatinine >2 mg/dl or, some say, 1.5 mg/dl) and hy- 
pertension should be advised of a number of risks.®* ° 
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These include a high incidence of superimposed 
preeclampsia, increased risk of perinatal morbidity 
and death, and the possibility that maternal renal func- 
tion may deteriorate further as a result of the preg- 
nancy.® “ These concerns are especially applicable to 
women with renal transplants, in whom pregnancy 
should be undertaken only after consultation with a 
nephrologist with expertise in this area. 
Nonpharmacologic treatment. Close medical supervision 
is the mainstay of management of pregnant women 
with chronic hypertension. It is preferable to control 
the blood pressure without medication when possible. 
In patients with diastolic blood pressure from 90 to 99 


mm Hg, this goal is not difficult to attain, because blood 


pressure falls in most pregnant women during the first 
and second trimesters. 

The strategies for nonpharmacologic treatment of 
hypertension during pregnancy differ from those in 
nonpregnant individuals. Whereas weight reduction 
and exercise might benefit a nonpregnant individual, 
these measures are not encouraged during pregnancy. 
Although there are no studies that address the issue of 
exercise in hypertensive pregnancy, given the theoretic 
concerns regarding the role of the uteroplacental blood 
flow in the pathogenesis of preeclampsia, women with 
chronic hypertension should not be encouraged to par- 
ticipate in vigorous exercise. 

Restriction of activity. Bed rest is a good means of max- 
imizing uteroplacental blood flow during pregnancy 
and is considered established therapy in preeclampsia. 
In chronic hypertension its effectiveness has not been 
well studied, but it is an integral feature of manage- 
ment. Rest has been shown to reduce premature labor, 
lower blood pressure, and promote diuresis.® Strict bed 
rest is rarely necessary. However, all pregnant women 
with elevated blood pressure, whatever the cause, 
should be advised to limit their activities when possible 
and set aside time during the day when they can be 
“off their feet.” Although many women may find it 
difficult to restrict their activity, it is helpful to explain 
the benefits to the patient before pregnancy so she can 
make adjustments in child care, her job, and other re- 
sponsibilities. In patients with mild to moderate hy- 
pertension, restriction of activity may be effective in 
lowering blood pressure and antihypertensive medi- 
cations may be avoided. It is usually advisable to hos- 
pitalize patients with severe hypertension for bed rest 
and medication when necessary. 

Diet, Weight reduction may be helpful in reducing 
blood pressure in nonpregnant individuals, but it can- 
not be recommended during pregnancy. If a hyper- 
tensive woman is overweight and planning a pregnancy, 
weight reduction before pregnancy is advisable. 

Pregnant women with hypertension have lower 
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Table I. Laboratory evaluation of women who 
develop hypertension after midpregnancy 


Test | Rationale 


Hemoglobin and he- Hemoconcentration supports di- 
matocrit agnosis of preeclampsia and is 
an indicator of severity. Values 
may be decreased, however, if 
hemolysis accompanies the 
disease. 

Signs of microangiopathic hemo- ; 
lytic anemia (e.g., schistocytes) 
favor diagnosis of preeclampsia 
and may be present when 
blood pressure is only mildly 
elevated. 

Decreased levels suggest severe 
preeclampsia. 

If qualitative dipstick is 1+ or 
greater, a quantitative mea- 
surement of protein excretion 
should be done. Hypertensive 
gravid women with proteinuria 
should be considered to have 
preeclampsia (pure or super- 
imposed) until proved 


Blood smear 


Platelet count 


Urinalysis 


otherwise. 
Serum creatinine Abnormal or rising levels, espe- 
level cially when assoicated with oli- 
guria, suggest severe pre- 
eclampsia. 


Serum uric acid level Increased levels aid in the differ- 
ential diagnosis of preeclamp- 
sia and are an indicator of dis- 
ease severity. 


Serum oxaloacetic Abnormal values suggest severe 


transaminase preeclampsia with hepatic in- 
volvement. 
Lactic acid dehydro- Elevated levels are associated 
genase with both hemolysis and he- 


patic involvement and suggest 
severe preeclampsia. 

Values may be decreased even in 
the absence of heavy protein- 
uria and may relate to “capil- 
lary leak” or hepatic involve- 
ment in preeclampsia. 


Serum albumin 


correlates with the degree of plasma volume contrac- 
tion.® For this reason, sodium restriction is generally 
not recommended during pregnancy.” If, however, a 
pregnant women with chronic hypertension is known 
to have salt-sensitive hypertension and has been treated 
successfully with a low-salt diet before pregnancy, it is 
reasonable to continue some sodium restriction during 
pregnancy. Patients with renal disease and reduced cre- 
atinine clearances are more likely to require sodium 
restriction for blood pressure control, and this should 
be continued during pregnancy. The amounts of 
weight gained during the pregnancy may be an indi- 
cation of whether salt intake is appropriate. 
Preliminary studies have shown that dietary calcium 
supplementation lowers blood pressure in pregnant 
and nonpregnant individuals.® ® However, there are 


plasma volume than do normotensive women, and 


insufficient data to recommend its use for treatrhent'of* s 
some studies suggest that the severity of hypertension i 


d te s ay "a 
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Home blood pressure monitoring. The rationale for close 
observation of the pregnant woman with hypertension 
is that changes in clinical status (such as development 
of superimposed preeclampsia) can be recognized be- 
fore they become severe. This is easier to accomplish 
if patients are instructed to take their blood pressures 
at home and keep a record of the readings. They can 
then contact medical personnel if the blood pressure 
rises significantly before a scheduled visit. Home mon- 
itoring of blood pressure is often helpful because it will 
enable the patient to determine how much limitation 
of activity is necessary to keep her blood pressure con- 
trolled. This technique also helps discriminate truly el- 
evated blood pressure from labile blood pressure in- 
creases common in young patients. Patients who are 
candidates for home blood pressure monitoring should 
have formal instruction on the correct technique for 
determination of blood pressure. In addition, their 
equipment should be checked periodically for accuracy. 
Preliminary data on home blood pressure monitoring 
during pregnancy suggest that it 1s a useful adjunct to 
the care of the pregnant woman.” 

Alcohol and tobacco. The use of alcohol and tobacco 
during pregnancy should be discouraged strongly. 
Both have a deleterious effect on the fetus and mother. 
Excessive consumption of alcohol can aggravate hy- 
pertension or raise blood pressure in the mother 
de novo. . 

Rationale for pharmacologic treatment. The majority of 


women with chronic hypertension in pregnancy have 


mild to moderate elevations in blood pressure, and 
therefore the risk of acute cardiovascular complications 


_ is extremely low. In the small percentage of women. 


who have severe hypertension, the increased risk of 
cerebral hemorrhage, cardiac failure, and myocardial 
infarction necessitates close monitoring and aggressive 
treatment during pregnancy. . 
Although there is increased risk of perinatal mor- 
bidity and death when the mother has chronic hyper- 
tension," ? most pregnancies in these women result. 
in healthy, full-term infants. Women with chronic hy- 
pertension are at increased risk of development of su- 
perimposed preeclampsia, and there is evidence that 


most, if not all, of the increased perinatal morbidity 


and death associated with chronic hypertension is at- 
tributable to this complication.” However, the litera- 


ture is conflicting. Some studies have shown that infants - 


born to women with chronic hypertension in pregnancy 
who do not have superimposed preeclampsia do as well 
as those born to normotensive women.” Other studies 
report a higher perinatal loss in uncomplicated preg- 
nancy in hypertensive women (compared with nor- 
motensive women), especially with higher levels of 
blood pressure.’ l l l 

The objective in treating a. pregnant woman with 


November 1990 
Am J Obstet Gynecol 


chronic hypertension is to minimize the short-term 
risks to the mother of elevated blood pressure while . 
avoiding therapeutic maneuvers that compromise fetal 
well-being. The specific goals for the mother are to 
prevent cardiovascular complications of severe hyper- 
tension and, if possible, preeclampsia. When maternal 
blood pressure reaches diastolic levels of 100 mm Hg 
or more, treatment should be instituted to avoid hy- 
pertensive vascular damage. Some experts believe at 
least nonpharmacologic treatment is warranted at di- 
astolic blood pressures of 90 mm Hg or greater. 

The indications for treatmen: of hypertension (at 
diastolic blood pressures of 90 to 99 mm Hg) during 
pregnancy are less clear. In the nonpregnant individ- 
ual, treatment of mild to moderate hypertension is rec- 
ommended for prevention of long-term cardiovascular 
consequences of elevated blood pressure.’ 

To date, clinical trials and clinical experience have 
not given us a conclusive answer to the question, “Does 
treatment of chronic hypertensicn prevent preeclamp- 
sia?” Many of the clinical trials of antihypertensive ther- 
apy in chronic hypertension have evaluated treatment 
begun in the third trimester.” This is largely a con- 
sequence of the fact that blood pressure falls in most 
women during the first trimester, reaching its nadir by 
midpregnancy. This phenomenon occurs in patients 
with chronic hypertension as well, and because most 
patients have only mild hypertension to begin with, 
by midpregnancy the majority will be normotensive. 
Therefore it is frequently not until the third trimester, 
when the blood pressure rises, that treatment is begun. 
If superimposed preeclampsia in the patient with 
chronic hypertension is associated with the same pla- 
cental disease as in pure preeclampsia, then the defin- 
itive morphologic changes are already present by 20 
weeks. Thus, one would not expect antihypertensive 
medication begun in the third trimester to alter these 
changes. To complicate matters, patients enrolled in 
clinical trials that have started treatment in the third 
trimester are. frequently a heterogeneous population 
and include patients with transient hypertension, pre- 
eclampsia, and chronic hypertension. 

There are almost no data available that would either 
support or dispute the notion that early treatment 
of chronic hypertension (in the first half of preg- 
nancy) prevents superimposed preeclampsia. Carefully 
conducted clinical trials are needed to resolve this 
issue. 

It is not uncommon for a pregnant woman with 
chronic hypertension to be hospitalized because of el- 
evated blood pressure. Early treatment of hypertension 
in pregnancy may reduce the need for such hospital- 
ization, but it may obscure the diagnosis of superim- 
posed preeclampsia, because a rise in blood pressure 
may be the first sign of this condition.” It is particularly 


ra 
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important to monitor women being treated for hyper- 
tension during pregnancy for signs of preeclampsia, 
because this condition is associated with adverse fetal 
outcome. 

With regard to fetal well-being, several studies sug- 
gest, but do not conclusively demonstrate, benefits of 
treating mild to moderate hypertension during preg- 
nancy.”® In the largest published clinical trial demon- 
strating a reduction in perinatal deaths in mothers 
treated with methyldopa, the major intake of patients 
was during the second trimester, with a significant pro- 
portion entering earlier in the first half of pregnancy.” 
Because the beneficial outcome was the result of a de- 
crease in midtrimester pregnancy losses, it is not clear 
whether lowering blood pressure was responsible for 
the improved outcome. Given the potential hazards of 
antihypertensive treatment during pregnancy (the pos- 
sibility that medication may reduce placental blood flow 
or adversely affect the fetus), treatment of hyperten- 
sion (at diastolic levels of 90 to 99 mm Hg) must be 
undertaken cautiously, weighing the risks and benefits 
of treatment for both mother and child at all times. 
Excessive reduction in blood pressure is to be avoided, 
and a conservative approach is recommended. 

Drug treatment of chronic preexisting hypertension. The 
goal of treating chronic hypertension during preg- 
nancy is the reduction of maternal risk and perhaps 
that of the fetus (see section on Management of Preex- 
isting Chronic Hypertension in Pregnancy). With this 
goal in mind it is mandatory to establish not only the 
efficacy of drugs to reduce blood pressure but also the 
acute and long-range effects of these drugs on fetal 
well-being, especially (based on the mechanism of ac- 
tion of many antihypertensive drugs) long-range neu- 
rologic effects. So far only one drug, methyldopa, meets 
these criteria. Thus if feasible, methyldopa therapy 
should be chosen in pregnancy. If this drug is ineffec- 
tive or cannot be tolerated (which happens not infre- 
quently), alternative therapy is determined by guide- 
lines based on limited clinical experience and rational 
choices based on the mechanisms by which the drugs 
act. It is important to point out that, in spite of theoretic 
concerns, none of the drugs currently used to treat 
hypertension other than the angiotensin-converting en- 
zyme inhibitors have been demonstrated to increase the 
risk in perinatal morbidity or death within the limits of 
acute follow-up. The following categories of antihy- 
pertensive agents are addressed alphabetically. 

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS. This 
new class of antihypertensive agents, which act in part 
by inhibiting conversion of angiotensin I to angiotensin 
II, has become popular in the treatment of essential 
hypertension and hypertension associated with renal 
disease in nonpregnant patients because of its minimal 


side effects. Although no teratogenic effects have been- 
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observed in animals using these drugs, they do lower 
uterine blood flow and reduce fetal survival in pregnant 
rabbits and sheep, perhaps by decreasing uterine pros- 
taglandin E, and I, synthesis.*° Acute renal failure with 
lethal consequences has also been described in the neo- 
nates of women treated with angiotensin-converting 
enzyme inhibitors in the last trimester.*'™ Because 
other antihypertensive agents are available, it is rec- 
ommended that angiotensin-converting enzyme inhib- 
itors be avoided during pregnancy. 

B-ADRENERGIC BLOCKING AGENTS. Evidence is accu- 
mulating that B-adrenergic blocking drugs are useful 
and sufficiently safe in treating preexisting hyperten- 
sion during pregnancy.” There is also evidence that 


- the combined a- and B-blocking agent labetalol (a and 


B antagonism.ratio 1:4) is relatively safe and effective 
in pregnancy.”** Most studies to date demonstrate 
equal effectiveness when B-adrenoreceptor antagonists 
and the combined a- and B-blocker labetalol are com- 
pared with methyldopa.” 

Finally, despite a growing and reassuring literature 
of controlled trials with B- and combined ß- and a- 
adrenoreceptor agents, we must interject a note of cau- 
tion. Most studies were relatively smal] and gestational 
age at entry was usually 29 to 33 weeks, leaving un- 
answered the possibility that treatment of larger num- 
bers of patients or a longer duration of drug admin- 
istration may reveal adverse effects.*” ® For mstance, 
Butters et al.® suggest that the long-term use of B- 
blockers predisposes to major growth retardation. Fi- 
nally, although some prefer B-adrenergic blockers be- 
cause they cause less somnolence than methyldopa, 
others continue to favor the a,-agonists because of con- 
cern that B-blocking agents, which cross the placenta, 
may interfere with interpretation of fetal heart rate, 
as well as because of the theoretic possibility that B- 
blockers compromise the ability of the fetus to with- 
stand hypoxic stress. 

CALCIUM CHANNEL BLOCKERS. Calcium channel 
blockers have been used to treat essential hypertension 
for many years in Europe and recently have been in- 
troduced into the United States. Nifedipine, which has 
a greater effect on vascular smooth muscle than on the 
myocardium, has proved promising in treating hyper- 
tension. However, it is teratogenic in rats when given 
in doses 30 times the maximum recommended human 
dose. There are very few studies of its use throughout 
human pregnancy, although these drugs are used in 
later pregnancy as treatment for preterm labor, without 
adverse consequences.” °’! 

CENTRALLY ACTING ADRENERGIC INHIBITORS. Meth- 
yldopa and clonidine are the two most commonly used 
central adrenergic antagonists and both are used dur- 
ing pregnancy.” Clonidine is a centrally acting ad- 
renergic inhibitor that inhibits sympathetic output from 
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the central nervous system. The effect of methyldopa 
is more complex, but it also inhibits central sympathetic 
discharge. Methyldopa was the first antihypertensive 
agent used in the treatment of hypertension during 
pregnancy, so the experience with it is the longest. 
Follow-up studies of children born to mothers taking 
methyldopa throughout pregnancy have revealed nor- 
mal mental and physical development in these children 
at 10 years of age.” Methyldopa given to women with 
essential hypertension has been demonstrated to re- 
duce the number of midtrimester abortions without 
affecting neonatal survival or fetal growth.” 

Methyldopa causes somnolence in many individuals. 
However, its demonstrated safety for the fetus in long- 
term follow-up” makes this the initial drug of choice 
in the management of chronic hypertension in preg- 
nant women and the benchmark against which other 
antihypertensive agents must be tested. 

Diuretics. The use of diuretic agents in pregnancy 
is controversial. The primary concern is theoretic. It is 
known that preeclampsia is associated with a reduction 
of plasma volume,” and fetal outcome is worse in wo- 
men with chronic hypertension who do not have ex- 
panded plasma volume.” Whether this is a cause-and- 
effect relationship is not clearly established. Nonethe- 
less, women who use diuretics from early pregnancy 
do not have increased blood volume to the degree that 
usually occurs in normal pregnancy.” This theoretic 
concern must be tempered by extensive experience in 
several well-controlled studies with the prophylactic use 
of diuretics.in normotensive gravid women, in whom 
no excess of perinatal death or morbidity was evident.” 
A metaanalysis of nine randomized trials comprised 
of more than 7000 subjects revealed a decrease in 
the tendency of these women to have edema or 
hypertension’™ and confirmed no increased incidence 
of adverse fetal effects. Based on the theoretic con- 
cerns, diuretics are usually not used as first-line drugs. 
However, if their use is indicated, they are safe and 
efficacious agents, can markedly potentiate the re- 
sponse to other antihypertensive agents, and are not 
contraindicated in pregnancy except in settings in 
which uteroplacental perfusion is already reduced (pre- 
eclampsia and intrauterine growth retardation). 

Although data concerning the use of diuretics 
in pregnant women with essential hypertension are 
sparse, this Committee concluded that gestation does 
not preclude use of saluretic drugs to reduce or control 
blood pressure in women whose hypertension predated 
conception or manifested before midpregnancy. (The 
Joint National Committee [V recommended smaller 
doses of diuretics than were used previously, thus min- 
imizing metabolic effects.’) 

VASODILATORS. Hydralazine is a vasodilator that is 
relatively ineffective when used alone because of the 
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reflex tachycardia with increased cardiac output that 
occurs with its use. However, when hydralazine is com- 
bined with a f-adrenergic blocking agent, the reflex 
tachycardia is prevented, and the combination is quite 
effective in reducing blood pressure. Hydralazine is 
used extensively, usually with methyldopa, in treating 
preexisting hypertension in pregnancy and is consid- 
ered to be safe for mother and fetus by most obstetri- 
cians. Still, one survey in Scandinavia has reported fetal 
thrombocytopenia.’ Therefore its use as a first-line 
drug in treating pregnant women with chronic preex- 
isting hypertension should be limited. 

In summary, although this working group endorses 
judicious antihypertensive therapy for pregnant 
women with preexisting essenual (chronic) hyperten- 
sion (diastolic blood pressures greater than or equal to 
90 mm Hg), there is no good existing evidence that the 
use of antihypertensive therapy improves fetal survival. 
Methyldopa may prevent midgestational losses. 

Maternal-fetal surveillance. Whether the patient has 
acute or chronic hypertension, fetal surveillance is in- 
dicated. The methods for fetal surveillance are the 
same in both cases and the interpretation is similar. If 
the fetus is compromised, decision making and judg- 
ment are necessary. If intrauterine growth retardation 
is identified by fundal measurements and documented 
by ultrasonography, biophysical testing should be im- 
plemented. The amount of amniotic fluid is significant, 
because a decreased amount cf fluid may be associated 
with cord problems during labor. 

Nonstress testing, oxytocin challenge testing, ultra- 
sonography, and fetal movement counts constitute the 
most common fetal surveillance techniques. If deter- 
mination of pulmonary maturity would influence man- 
agement, amniocentesis should be done to determine 
this before the interruption of pregnancy. 

Fetal surveillance involves determining if the fetus is 
growing appropriately. When fundal height measure- 
ments are inappropriate, otner investigative avenues 
such as ultrasound biophysical testing should be pur- 
sued. As long as the fetus continues to grow in an ap- 
propriate manner, it can be inferred that the placenta 
and uterine blood flow is appropriate. 

Management of preeclampsia 

Prevention of preeclampsia. Our ability to prevent pre- 
eclampsia is limited by lack of knowledge regarding its 
cause. The cornerstone of “prevention” in patients with 
preeclampsia has been identification of the high-risk 
individual (see section on Blood Pressure in Normal 
Pregnancy and the Epidemiology of Hypertensive Dis- 
orders), followed by close clinical and laboratory mon- 
itoring so that the disease process can be recognized in 
its early stages. Women can then be hospitalized for 
more intensive monitoring or delivery. Although these 
measures do not enable us to prevent preeclampsia, 
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they do help to prevent its catastrophic maternal and 
fetal sequelae. 

Although various dietary and pharmacologic strat- 
egies (low-salt and high- or low-protein diet and di- 
uretics) have been employed with the hope of pre- 
venting preeclampsia or minimizing its severity, none 
have proved effective so far, Many obstetricians con- 
sider daily rest to be effective in preventing preeclamp- 
sia Or minimizing its severity in high-risk individuals, 
although this has not been proved. | 

One preventive strategy that 1s currently receiving a 
great deal of attention is the use of low-dose aspirin. 
At the present time many centers around the world 
are investigating the ability of low-dose aspirin to pre- 
vent preeclampsia. These clinical trials have been 
prompted by two initial encouraging reports.’ '® In 
both trials, low-dose aspirin’ or low-dose aspirin plus 
dipyridamole’” was successful in reducing the inci- 
dence of preeclampsia in the groups studied. There 
were no fetal or maternal complications attributable to 
aspirin in either study; however, the total number of 
women who received aspirin was fewer than 100. 
Two recently published trials of low-dose aspirin in 
moderate- and high-risk pregnant women support 
these earlier encouraging reports and provide evidence 
that the beneficial effects of aspirin are associated with 
selective inhibition of platelet thromboxane A, gener- 
ation, with preservation of vascular prostacyclin gen- 
eration.'** 1% However, because aspirin in large doses 
is associated with hemorrhagic complications in the 
newborn,’ and prostaglandins play a major role in 
maternal-fetal physiology, we do not recommend treat- 
ment of women at risk for preeclampsia with low-dose 
aspirin until large clinical trials have conclusively doc- 
umented the safety and efficacy of this therapy. 

Rationale for treatment. The objectives of therapy for 
preeclampsia are based on a philosophy of manage- 
ment arising from the knowledge of the pathology and 
pathophysiology and the prognosis of the disorder for 
mother and infant. 

e Delivery is always appropriate therapy for the 
mother but may not be so for the fetus. For ma- 
ternal health, the goal of therapy is to prevent 
eclampsia, as well as other severe complications of pre- 
eclampsia. Preeclampsia is the precursor of eclamp- 
sia, and careful antepartum observation can iden- 
tify the woman at risk. Preeclampsia is completely 
reversible and begins to abate with delivery. Thus 
if only maternal well-being were considered, the 
delivery of all women with preeclampsia, regard- 
less of severity of the process or stage of gestation, 
would be appropriate. Considering the fetus, how- 
ever, one should not induce delivery in mildly pre- 
eclamptic women whose fetuses are immature but 
have no signs of fetal compromise. There are two 
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important corollaries of this statement. First, any 
therapy for preeclampsia other than delivery must 
have as its successful end point the reduction of 
perinatal death and morbidity. Second, the cor- 
nerstone of obstetric management of preeclamp- 
sia is based on a decisior. as to whether the in- 
fant is more likely to survive in utero or in the 
nursery. 

© The signs and symptoms of preeclampsia are not 
of pathogenetic importance. The pathologic and 
pathophysiologic changes of preeclampsia indicate 
that poor perfusion is the major factor leading to 
the derangement of maternal physiologic function 
and to increased perinatal mortality and morbidity 
rates. 

Attempts to treat preeclampsia by natriuresis or 
the lowering of blood pressure do not alleviate the 
important pathophysiologic changes. In fact, natri- 
uresis may be counterproductive and may adversely 
affect fetal outcome, because plasma volume is al- 
ready reduced in women with preeclampsia. 

e The pathogenetic changes of preeclampsia are 
present long before clinical criteria leading to the 
diagnosis are manifest. Several studies indicate 
that changes in vascular reactivity, plasma volume, 
and renal function antedate, in some cases by 
months, the increases in blood pressure, protein 
excretion, and sodium retention. These findings 
suggest that irreversible changes affecting fetal 
well-being may be present before the clinical di- 
agnosis. This possibility probably explains why di- 
etary, pharmacologic, and postural therapy is not 
successful when avoidance of perinatal morbidity 
and death is taken as the end point. If a rationale 
for modes of therapy other than delivery of the 
fetus exists, it would be to palliate the maternal 
condition to allow fetal maturation. However, even 
this rationale is controversial. 

Accelerated and severe hypertension can complicate 
any phase of gestation. Fortunately, most of these crises 
occur late in pregnancy and are associated with pre- 
eclampsia; the challenge to the physician is to maintain 
maternal blood pressure at safe levels while effecting 
a delivery. 

Nonpharmacologic management 

MATERNAL EVALUATION. Antepartum monitoring of 
the mother has two goals. The first is the early recog- 
nition of the condition, because infants of mothers with 
even mild preeclampsia are at increased risk, and the 
second is to gauge the rate of progression of the con- 
dition, both to prevent eclampsia by delivery and to 
determine whether fetal well-being can be monitored 
safely by the usual intermittent observations. Ideally, 
identification of early changes would allow intervention 
before the advent of clinical symptoms. At present, 
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other than the early increased sensitivity to angio- 
tensin II, which is not practical for application to wide- 
spread screening, no test has a predictive value suffi- 
cient to use clinically. Notably unsuccessful are the 
“rollover test” and elevated second-trimester blood 
pressures. 

At present, clinical management is dictated by the 
overt clinical signs of preeclampsia. Unfortunately, pro- 
teinuria, the most valid clinical indicator of preeclamp- 
sia, is often a late change, sometimes even preceded by 
seizures, and so is not a useful sign for early recogni- 
tion. Although rapid weight increase and facial and 
digital edema indicate the fluid and sodium retention 
characteristic of preeclampsia, they are neither univer- 
sally present nor uniquely characteristic of preeclamp- 
sia. These signs are, at most, a reason for closer obser- 
vation of blood pressure and monitoring of urinary 
protein Jevels. Early recognition of preeclampsia is 
based primarily on diagnostic blood pressure increases 
in the late second and early third trimesters relative to 
early pregnancy. Use of blood pressure changes with- 
out evidence of proteinuria as an indicator does, un- 
doubtedly, result in the diagnosis of preeclampsia in 
some normal women, as well as in some with underlying 
renal or vascular disease. Because the goal of early di- 
agnosis is to identify patients requiring more careful 
observation, however, overdiagnosis is preferable to 
underdiagnosis. 

Once the blood pressure changes suggestive of pre- 
eclampsia appear, an office examination within 24 to 
48 hours is strongly recommended or, with selected 
patients, blood pressure and urinary protein values 
must be checked at home. These measures are directed 
at determining how fast the condition is progressing to 
ensure that it is not following a fulminant course. Fre- 
quency of subsequent observations is determined by 
these initial observations and the ensuing clinical pro- 
gression. If the condition appears stable, weekly ob- 
servations may be appropriate. If it appears to be ac- 
celerating, more frequent observations, usually in the 
hospital, are required. The initial appearance of pro- 
teinuria is an especially important sign of progression 
and dictates frequent observations, which is best ac- 
complished in the hospital. 

If an increasing rate of deterioration is noted, as 
determined by laboratory findings, symptoms, and clin- 
ical signs, the decision to continue the pregnancy is 
determined day by day. Important clinical signs are 
blood pressure, urinary output, and fluid retention as 
evidenced by daily weight increase. Laboratory studies 
are performed at intervals of no more than 48 hours. 
These include examination for possible activation of 
the coagulation system as determined by platelet count 
and evaluation of renal function as measured by uri- 
nary protein excretion and serum creatinine and urate 
levels. In addition, subjective evidence of central ner- 
vous system involvement, such as headache, disorien- 
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tation, and visual symptoms, and the presence of he- 
patic distention, as indicated ky abdominal pain and 
hepatic tenderness, are equally important indicators of 
worsening preeclampsia. 

ANTEPARTUM MANAGEMENT OF PREECLAMPSIA. There 
is little to suggest that therapeutic efforts alter the un- 
derlying pathophysiology of preeclampsia. Therapeu- 
tic intervention is palliative. At best it may slow the 
progression of the condition, but more likely it merely 
allows continuation of the pregnancy. Bed rest is a usual 
and reasonable recommendation for the woman with 
mild preeclampsia, although tis efficacy is not clearly 
established. Strict sodium restriction or diuretic therapy 
has no role in the prevention or treatment of pre- 
eclampsia. In women with marked sodium retention as 
manifested by significant edema, modest sodium re- 
striction may not alter the course of the disease but may 
reduce discomfort, 

INDICATIONS FOR DELIVERY. Prolonged antepartum 
management of women with severe preeclampsia is 
not practiced in most centers. With improvements in 
neonatal care, many investigators regard delivery of 
women with rapidly progressing preeclampsia beyond 


30 weeks’ gestation to be in the best interest of not only 


the mother but also the fetus. When gestational age is 
critical (between 25 and 30 weeks), one might consider 


_ controlling maternal blood pressure along with metic- 


ulous observation of the maternal and fetal condition. 
Delivery is then indicated by worsening maternal symp- 
toms, laboratory evidence of end-organ dysfunction, or 
deterioration of fetal condition. Whether this plan of 
action can effect.a decrease in perinatal morbidity and 
mortality rates 1s not clear. The use of this approach 
with even very immature fezuses may only replace a 
nonviable neonate with an extremely premature one, 
with the attendant risk of long-range neurologic dis- 
ability. Such an approach should therefore be at- 


tempted only in centers equipped to provide meticu- 


lous maternal observation and daily assessment of fetal 
and maternal condition. 

FETAL INDICATIONS. The major consideration in de- 
cisions for delivery should usually be fetal well-being, 
for the reasons cited. Thus if the maternal condition is 
stable, delivery is indicated by signs of abnormal fetal 
function. If fetal growth and well-being remain normal, 
pregnancy should proceed to spontaneous labor. If the 
maternal condition is deteriorating rapidly, however, 
delivery is indicated for fetal well-being. With maternal 
deterioration, a reflection of increasingly poor perfu- 
sion of brain, kidney, and liver, uteroplacental blood 
flow is also likely to be compromised. In addition, the 
predictive value of all tests of fetal well-being is inval- 
idated by rapid changes in the maternal and, hence, 
fetal condition. 

MATERNAL INDICATIONS. Although fetal considera- 
tions usually dictate the timing of delivery, there are 
important exceptions. In the rare case in which a choice 
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is made to palliate maternal signs and symptoms to 


. allow fetal growth or maturation, such efforts must be 


abandoned if the maternal condition worsens. Also, a 
potentially lethal complication of preeclampsia, hepatic 
rupture, cannot be prevented by any mode of therapy 
other than delivery. It has a mortality rate of 65%. Thus 


.the woman with hepatic capsular distention manifested 


by hepatomegaly, tenderness of the liver, and abnormal 
hepatic function values should be delivered regardless 
of fetal well-being or maturity. 

ROUTE OF DELIVERY. Vaginal delivery is preferable to 
cesarean delivery for women with preeclampsia. It is 
desirable, if possible, to avoid the added stress of sur- 
gery because of multiple physiologic abnormalities. Pal- 
liation for several hours should not increase maternal 
risk if performed appropriately. Induction should be 
carried out aggressively and expeditiously once the de- 
cision for delivery is made. In gestation remote from 
term in which delivery is indicated but fetal and ma- 
ternal condition are stable enough to permit pregnancy 
to be prolonged 36 hours, glucocorticoids can be 
administered safely to accelerate fetal pulmonary ma- 
turity. 

The aggressive approach to induction indicates that 
amniotomy be performed as soon as possible and a clear 
end point be formulated at the initiation of therapy, 
usually within 8 to 12 hours of the decision to induce 
delivery. A trial of induction is warranted regardless of 
cervical condition. Obviously, if vaginal delivery cannot 
be effected within the predetermined time frame, ce- 
sarean delivery should be considered. Likewise, cesar- 
ean delivery is performed for other usual obstetric in- 
dications. 

A regional anesthetic such as epidural analgesia of- 
fers its usual advantages for vaginal and cesarean de- 
livery but does carry the possibility of extensive sympatholysis 
with consequent decreased cardiac output, hypotension, and 
impairment of already-compromased uteroplacental perfusion. 
This is a common problem with a spinal anesthetic, which ts 
believed by most experis to be contraindicated in the, woman 
with preeclampsia. This problem can be avoided by me- 


ticulous attention to anesthetic technique and volume 


expansion. A regional anesthetic is not a rational means 
to lower blood pressure because it does so at the ex- 
pense of cardiac output. Likewise, although analgesia 
with narcotics is not contraindicated and should be 
used when necesssary, there. is abundant evidence 
that attempting to manage or prevent eclampsia with 
profound maternal sedation is dangerous and inef- 
fective. 

Drug treatment of hypertenston related to preeclampsia. 
Disagreement exists on whether, and how efficiently, 
the uteroplacental blood flow is autoregulated. Those 
who liken the uterine circulation to a rigid conduit in- 
capable of autoregulation caution against precipitous 
decrements in mean arterial pressure, because placen- 
tal perfusion is already compromised in preeclamp- 
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sia. 07 Others’® prefer a more aggressive approach 
when treating hypertension. Resolution of this problem 
awaits perfection of reliable and safe methods to mea- 
sure placental perfusion, followed by appropriately de- 
signed therapeutic trials. In the interim the following 
guidelines are recommended. 

TREATMENT OF HYPERTENSION REMOTE FROM DELIV- 
ERY. As cited in several sections of this report, the pal- 
liative management of preeclampsia remote from de- 
livery is controversial. The sole rationale is to allow 
maturation of the fetus and, if attempted, it must not 
subject the mother to undue risk. An important part 
of safe management is control of elevated blood pres- 
sure. In the woman with diastolic blood pressure 100 
mm Hg or greater, risk is sufficient to warrant phar- 
macologic therapy. The therapy is solely for maternal 
benefit; there is neither theoretic basis nor empiric ev- 
idence that such therapy is beneficial to the fetus. If 
therapy is elected, methyldopa is the drug of choice. If 
this is not tolerated or is unsuccessful, calcium channel 
blockers, B-blockers, and hydralazine are reasonable 
additions or alternatives. Successful control of blood 
pressuré should not be interpreted as eliminating risk 
for mother or infant. No evidence indicates that ther- 
apy improves fetal well-being or reduces the risk of 
abruptio placentae, disseminated intravascular coagu- 
lation, seizures, or other maternal risk. Both mater- 
nal and fetal assessment must be carried out me- 
ticulously regardless of the degree of blood pressure 
control. ) 

‘TREATMENT OF ACUTE HYPERTENSION DURING DELIV- 
ERY. In the more usual situation, antihypertensive ther- 
apy occasionally may be indicated as acute palliative 
therapy in the woman in whom delivery is indicated. 
Antihypertensive agents can be withheld as long as ma- 


ternal pressure is only mildly elevated. However, per- 


sistent diastolic levels of 105 mm Hg or higher should 
be treated.* When treatment is required, the ideal drug 


_ that reduces pressures to a safe level should: 


® Act quickly 

® Reduce pressure in a controlled manner 

e Not lower cardiac output 

è Reverse uteroplacental vascular constriction 

è Result in no adverse maternal or fetal effects 

The medications used to treat hypertensive crises 
in pregnancy are summarized in Table II. Details 
of their pharmacology and safety are discussed else- 
where.® 167, 108 

The current drug of first choice is intravenous hy- 
dralazine, which if given cautiously is successful in most 
instances. It has been shown to be effective against pre- 
eclamptic hypertension.” Although this is sometimes 


*It may, however, be prudent to treat lower levels in certain 
situations (e.g., the young gravid woman whose recent diastolic 
levels were below 75 mm Hg or the woman with chronic hy- 
pertension for many years and in whom hypertensive heart 
disease may be present). 
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Table II. Guidelines for drug treatment of 
severe hypertension near term or 
during labor* 


= Hydralazine administered intravenously is the drug of 

choice. Use low doses (start with a 5 mg intravenous 

bolus and then give 5 to 10 mg every 20 to 30 minutes 

to avoid precipitous decreases. Side effects include 

tachycardia and headache. Neonatal thrombocytopenia 

has been reported. 

Diazoxide is recommended for the occasional patient 

whose hypertension is refractory to hydralazine. Use 

30 mg miniboluses, because maternal vascular collapse 

and death have been associated with the customary 

300 mg dose. Side effects include arrest of labor and 

neonatal hyperglycemia. 

= Experience with parenteral labetalol is growing, and 
this drug may replace diazoxide as the second-line 
drug. 

™ Favorable results have been reported with calcium 
channel blockers. However, if magnesium sulfate is 
being infused, the magnesium ion may potentiate the 
effect of calcium channel blockers, resulting in precipi- 
tous and severe hypotension. 

= Do not use sodium nitroprusside (fetal cyanide poison- 
ing has been reported in animal models) or diuretics 
(e.g., furosemide; see text). However, in the final anal- 
ysis, maternal well-being will dictate the choice of 
therapy. 


*The degree to which blood pressure should be decreased 


is disputed. Levels from 90 to 104 mm Hg diastolic are rec- 
ommended (see text). 


used as an intravenous infusion, the pharmacokinet- 
ics (maximal effect at 20 minutes; duration of action 6 
to 8 hours) indicate that intermittent bolus injections 
are more sensible. A 5 mg bolus is given intravenously 
for 1 to 2 minutes. Twenty minutes later, subsequent 
doses are dictated by the initial response. Once the de- 
sired effect is obtained, the drug is repeated as nec- 
essary (frequently in several hours). If a total of 20 
mg 1s administered without therapeutic response, other 
agents should be considered. 

Diazoxide is restricted to the occasional resistant case 
and should be administered in small doses (30 mg bol- 
uses). Preliminary successes have been recorded when 
calcium channel blockers (e.g., nifedipine) have been 
used, and in 1989 this group of drugs was undergoing 
testing. ®™ “° One concern about calcium channel block- 
ers, however, is that most patients with acute hyper- 
tension during delivery will also be receiving magne- 
sium sulfate (see below). Magnesium may potentiate the 
effects of calcium channel blockers and lead to precip- 
itous decreases in blood pressure. Nifedipine acts rap- 
idly, causing significant reduction in arterial blood pres- 
sure within 10 to 20 minutes of oral administration. 
The onset of antihypertensive activity can possibly be 
shortened by chewing the capsule or puncturing it 
with several needle holes before it is swallowed. The 
principal side effects are headache and cutaneous 
flushing, but minimal reflex tachycardia may occur. 
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Like vasodilators, calcium channel blockers may cause 
cessation of uterine contracticns. They are used to 
stop premature labcr without maternal or fetal side 
effects. 

Limited data are available on the use of parenteral 
labetalol (which some advocate as a second-line drug), 
starting with 10 mg and not to exceed 1 mg/kg, or 
clonidine. Neither labetalol nor clonidine appears to be 
more effective than hydralazine. Sodium nitroprusside 
is chosen only after the failure of hydralazine, diazox- 
ide, calcium channe! blockers, labetalol, and clonidine 
because of cyanide poisoning and fetal death reported 
in laboratory animals.""’ 

Finally, the use cf potent saluretic agents such as 
furosemide in treating hypertensive crises at term, as 
adjunct therapy to the vasodilators just discussed, is 
condemned by most authorities but still has its advo- 
cates. Given the hemoconcentration and cardiovas- 
cular hemodynamics of preeclampsia and the suscep- 
tibility of some women with this disease to either in- 
traportal hypotension or puerperal vascular collapse, 
many counsel against the use of potent loop diuretics 
and care must be taken with all antihypertensive 
agents. In the last analysis, however, the mother’s well- 
being should take precedence, even if the therapy nec- 
essary to control pressure may potentially harm the 
fetus. 

ANTIECLAMPTIC THERAPY. The pathophysiology of 
eclampsia is discussed in the section on Pathology and 
Pathophysiology of Hypertension in Pregnancy Focus- 
ing on Preeclampsia. It is a mistake to equate the 
eclamptic convulsion with hypertensive encephalopa- 
thy, because the convulsion can arise in a seemingly stable 
patient manifesting only minimal elevation in blood 
pressure. For this reason many clinicians initiate pro- 
phylactic therapy when women with suspected pre- 
eclampsia are in labor, even if premonitory signs are 
absent. 

Because the pathogenesis o7 the eclamptic convulsion 
is still poorly understood,’ it is not surprising to find 
disagreements on how to treat women with impending 
convulsions or frank eclampsia.® '°” 17-14 Most author- 
ities, especially in North America, use parenterally ad- 
ministered magnesium sulfate**; others prefer conven- 
tional anticonvulsant drugs such as diazepam and phe- 
nytoin. Critics of the use of magnesium sulfate stress 
that it crosses the blood-brair. barrier very slowly!” and 
has no effect on electroencephalographic abnormali- 
ties." Defense of magnesium suflate therapy has been 
mainly empiric, but of interest are recent observations 
of the effect of magnesium ions on prostaglandin me- 
tabolism. For example, Watson et al’ have demon- 
strated that magnesium at levels measured in treated 
patients with preeclampsia increases prostacyclin re- 
lease by cultured endothelial cells from human umbil- 
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ical veins and plasma from women with preeclampsia 
treated with magnesium sulfate had similar actions. 
The preference for magnesium sulfate, especially in 
the United States, is documented by its successful use 
in several large series," *'°*'!”''® but it has never un- 
dergone a definitive controlled trial. Similarly, there is 
a need for more extensive data regarding the effect of 
both magnesium and standard anticonvulsant drugs on 
the neonate. Preliminary data on the effects of mag- 
nesium sulfate on fetuses are encouraging. 

VOLUME EXPANSION THERAPY. Just as there are ad- 
vocates of saluretic agents, there are claims that volume 
expansion may reduce blood pressure in selected pa- 
tients with preeclampsia. This approach derives from 
observations that plasma volume, cardiac output, and 
pulmonary capillary wedge pressure may be decreased 
in this condition, as well as from reports that infusion 
of colloids decreased blood pressure** °° and periph- 
eral vascular resistance,” despite increments in intra- 
vascular volume. However, the effects of colloid infu- 
sion are usually transient, probably because the vas- 
culature in preeclampsia is “leaky,”'*' whereas infusion 
of crystalloids alone decreases oncotic pressure, which 
is already depressed in preeclampsia.’ Such decre- 
ments can lead to pulmonary or cerebral edema, es- 
pecially in the immediate puerperium, when oncotic 
pressure levels decrease further, whereas central vol- 
ume and pulmonary capillary wedge pressure tend to 
rise.” Thus one should be cautious concerning crys- 
talloid infusions into women with preeclampsia during 
labor and until a postpartum diuresis is established. 
Signs suggesting poor renal perfusion (1.e., oliguria) 
resolve quickly after delivery, and acute renal failure is 
an unusual complication, even in severe preeclampsia. 

OTHER CONSIDERATIONS. Invasive cardiovascular 
monitoring may be required in severe or complicated 
cases, especially during operative procedures. Criteria 
have recently been proposed for pulmonary artery 
catheterization in the patient with severe preeclamp- 
sia. Many experts, however, believe that these criteria 
are too broad and find the indications for use of Swan- 
Ganz catheters (a procedure associated with a certain 
morbidity) relatively uncommon." 

Treating hypertension persisting post partum. The 
potential problems of serious compromise of placental 
perfusion and, in turn, fetal well-being that can be in- 
duced by antihypertensive agents are obviated by de- 
livery. If there is a problem after delivery controlling 
persisting severe hypertension, intermittent intrave- 
nous hydralazine can be used repeatedly early in the 
puerperium to control it. Once repeated blood pres- 
sure readings remain near normal, the hydralazine is 
stopped and treatment with standard oral regimens 
should be started. 

Several other regimens are effective for control 
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of severe postpartum hypertension. These have been 
discussed in the Joint National Committee Report’ 
and include infusion of nitroprusside (0.5 to 10 
mg/kg/min). Labetalol, 20 to 80 mg by’ intravenous 
bolus, lowers blood pressure in 5 to 10 minutes and 
may be repeated at 10-minute intervals. 

Acute hypertensive changes induced by pregnancy 
usually dissipate rapidly after delivery, certainly within 
the first several days. If severe hypertension persists 
more than 3 to 5 days, the likelihood of underlying 
chronic hypertension is greatly increased. In these cases 
oral antihypertensive therapy is begun before discharge 
and the woman is evaluated in 1 week. For women who 
were hypertensive before pregnancy, chronic treatment 
is likely to be necessary. If prepregnancy blood pressure 
was normal or unknown, it is reasonable to stop oral 
medication after 3 to 4 weeks and observe the blood 
pressure at weekly intervals for 1 month and at monthly 
intervals for 1 year. If hypertension recurs, treatment 
should be resumed. 

Lactation. Many women who have been chronically 
hypertensive during pregnancy will have the desire to 
breast-feed their infants for a period of several weeks 
to l year. The concentrations of most of the antihy- 
pertensive drugs have been assessed in human breast 
milk and plasma” after single or multiple dosings and 
all agents studied have been detectable in the milk. 
However, only a few reports have evaluated whether 
the drug is detectable in the plasma of the breast-fed 
infant'**'** or if there is any hemodynamic or adverse 
effect of the agent on the infant. Furthermore, there 
have been no clinical trials involving several subjects 
that have studied the cardiovascular effects of any an- 
tihypertensive agent on the breast-fed infant. 

In mothers with mild hypertension who wish to 
breast-feed for a few months, the clinician may consider 
withholding medication with close observation of the 
maternal blood pressure. After discontinuation of the 
nursing period, the antihypertensive therapy should be 
reinstituted as appropriate. For those patients with 
more severe elevation of blood pressure taking a single 
antihypertensive agent, the clinician may consider re- 
ducing antihypertensive drug dosage with close obser- 
vation of both the mother and breast-fed infant. If the 
mother requires multiple agents for controlling the hy- 
pertension, breast-feeding is not advisable. 


Remote prognosis 


Eclampsia. The weighted average prevalence of hy- 
pertension after eclampsia is 23.8%, as derived from 
53 articles reporting follow-up studies of 2637 women. ' 
There are only two studies of large series with long- 
term follow-up, and they agree that the prevalence of 
remote hypertension is not increased over that in un- 
selected women matched for age and race. Bryans'®’ at 
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the Medical College of Georgia followed up 335 women 
for | to 44 years (average 14). The average age-specific 
blood pressures of 168 white women at follow-up fell 
in the middle of averages for unselected women in 
three epidemiologic studies of blood pressure, and 
there was no excess of women with diastolic pressures 
of 90 mm Hg or higher. The average age-specific blood 
pressures of 167 black women were higher than in 
white women but were within the range of such pres- 
sures in unselected black women. 

For an average of 33 years, Chesley et al.’ followed 
up 99% of the 270 women who survived eclampsia 
between 1931 and 1951 in the Margaret Hague Ma- 
ternity Hospital in New Jersey, with all but 3 traced to 
1974. Remote deaths among the 206 women who had 
eclampsia when primiparous did not exceed the num- 
ber expected, as derived from age-specific death rates 
for American women matched for age and race. Only 
29% of the remote deaths were associated with hyper- 
tensive vascular disease. In contrast, three times the 
expected number of deaths occurred among the 64 wo- 
men who had had eclampsia when multiparous, and 
80% of the deaths were caused -by cardiovascular-renal 
complications. Chronic hypertension had been known 
to antedate the eclampsia in several of the women. The 
lowest expected prevalence of hypertension among 11 
epidemiologic studies of blood pressure was reported 
in the study by Hamilton et al.’*'; therefore their study 
was used as the most rigid control. The distributions 
of diastolic and systolic pressures at an average of 33 
years after eclampsia in primiparous women were vir- 
tually identical to those of the control subjects matched 
for age, and there was no excess of patients with hy- 
pertension among the women with posteclampsia, 
whatever blood pressure might be taken as the dividing 
line. There was an excess of cases of hypertension 
among the multiparous women. 

Preeclampsia. Many of the numerous articles de- 
scribing follow-up studies of women thought to have 


had preeclampsia have found high prevalences of hy- - 


pertension, and some authors have believed that pre- 
eclampsia may cause chronic hypertension in women 
who otherwise never would have had it. It is significant 
that such “residual” hypertension is more common af- 
ter multiparous than after primiparous pregnancies, 
more common after mild than severe preeclampsia, 
and lowest of all after eclampsia. In a word, the more 
secure the diagnosis, the lower the rate of ultimate hy- 
pertension. In the past, and still in most classifications, 
the diagncsis of mild preeclampsia is made in women 
with transient hypertension (see the following section). 
In the unique study by Fisher et al." the diagnosis of 
preeclampsia was confirmed by renal biopsy. The prev- 
alence of hypertension at follow-up was about 10%, 
almost identical to the expected rate as derived from 
women in the National Health Survey when matched 
for age and race. 
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Thus the prevalence of chrenic hypertension after 
eclampsia’ or preeclampsia” in primigravid women 
is the same as in unselected women matched for age 
and race. Preeclampsia-eclampsia is an intercurrent 
event, unrelated to chronic hypertension (except that 
chronic hypertension may predispose to it). 

Transient hypertension. Also called gestational or 
late hypertension, ‘transient hypertension is the diag- 


nosis for mere rises in blood pressure without sig- 


nificant edema or proteinuria, with a return of the 
blood pressure to normal within 10 days after delivery. 
Follow-up studies by Berman," Herrick and Tillman," 
Chesley et al., Adams and MacGillivray,’ and others 
indicate that transient hypertension usually recurs in 
later pregnancies and often predicts ultimate chronic 
hypertension. It probably most often is latent essential 
hypertension unmasked by pregnancy. 
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Appendix 

Blood pressure measurement protocol. Accurate 
and consistent blood pressure measurements are es- 
sential to establish a baseline and monitor subtle 
changes throughout the duration of the pregnancy. 
Blood pressures should be taken in a standardized fash- 
ion by all personnel who see the pregnant woman dur- 
ing her antepartum, intrapartum, and postpartum 
care. In 1987 the American Heart Association (AHA) 
updated its standards for the fifth time since 1939 in 
its Recommendations for Human Blood Pressure De- 
termination by Sphygmomanometers.’” Although this 
document focuses primarily on nonpregnant popula- 
tions, many of its paradigms relate to the gestational 
period as well. 

For accurate blood pressure measurements in all clin- 
ical situations, the AHA document recommends a stan- 
dardized measurement technique. This includes: 

¢ Have the patient sit* for 5 minutes before blood 
pressure measurement with the arm resting on a 
table at heart level (using the same‘arm on each 
measurement occasion for consistency). 

e Measure the bared arm for proper cuff size and 
have available commonly used cuff sizes for adults, 
notably regular and large adult cuffs with respec- 
tive bladder widths of 12 and 15 cm (or in general, 
a bladder width of 40% of the arm circumference, 
ensuring a bladder length that encircles 80% of the 
upper arm). 

e Assess for approximate systolic blood pressure 
level before measurement by finding where the 
radial pulse disappears with simultaneous palpa- 
tion and inflation to disappearance. 

¢ Maintain a slow, steady deflation rate of 2 to 3 mm 
Hg per second or per heartbeat when doing a 
reading. 

e Take the average of the two readings (also rec- 
ommended by the Joint National Committee) 
to help minimize variations in recorded blood 
pressure across time caused by blood pres- 


*The WHO Study Group” notes that it probably does not 
matter whether the patient sits or lies slightly on the left side 
(15- to 30-degree tilt), provided the same position is used. For 
practical purposes the seated position with the arm resting at 
heart level is the procedure used in virtually all prenatal clinics. 


1712 Consensus report: High blooc pressure in pregnancy 


sure’s inherent variability (reflected in isolated 
readings). 

èe Use accurate equipment (mercury sphygmoma- 

nometer or calibrated aneroid). 

It is important to remember that blood pressure mea- 
surements are influenced by the relationship of the cuff 
to the level of the heart (caused by hydrostatic pressure, 
the effect of gravity on the column of blood). Blood 
pressure with the cuff higher than the level of the heart 
will be lower; blood pressure with the cuff lower than 
the level of the heart will be higher. For example, the 
practice of taking the blood pressure in the upper arm 
with the woman on her side will give falsely lower read- 
ings. Each centimeter above or below heart level trans- 
lates to an 0.8 mm Hg change. Thus these readings will 
naturally differ from those taken when the arm is ap- 
propriately at heart level (i.e., woman in supine position 
with the arm at her side or preferably seated with the 
arm resting on a standard table top). 

In listening to blood pressure readings, the first of 
at least two consecutive beats should be recorded as 
phase I, the systolic pressure. The AHA recommends 
that the onset of phase V (disappearance of sound), 
marked by the last sound heard, be used for defining 
diastolic pressure in adults. The onset of phase IV or 
muffling, sometimes used in the past, is harder to rec- 
ognize and is subject to greater interobserver and in- 
traobserver variability. The vast body of epidemiologic 
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evidence from clinical trials in nonpregnant popula- 
tions, linking levels of diastolic pressure to increased 
cardiovascular disease risk, is based on the phase V 
criterion. In pregnancy phase V seems to correlate best 
with intraarterial pressure.” 

However, the AHA recognized certain conditions in 
which phase V is absent (1.e., the Korotkoff sounds do 
not disappear but may be heard until the pressure in 
the cuff falls to near 0 mm Hg). Among these condi- 
tions are high cardiac output states including preg- 
nancy. Also, the WHO has noted that in approximately 
15% of pregnant women the diastolic pressure falls to 
zero before the last sound is heard. Under these con- 
ditions, phase IV is a better index of diastolic pressure 
than is phase V. Both the AHA and WHO advise that 
if the phase IV (muffled) sounds are heard to zero 
(absent phase V), both phase IV and phase V readings 
should be recorded (e.g., 148/&4/0 mm Hg). It seems 
prudent, given that the AHA recommends recording 
the onset of phase V as the diastolic blood pressure in 
adults, coupled with the probability of an absent phase 
V in a certain percentage of pregnant women in whom 
the onset of phase IV should then be recorded, that 
personnel should record both readings throughout the 
duration of the woman’s pregnancy starting at the 
woman’s initial prenatal visit. This will help ensure that 
no information will be lost (e.g., baseline phase IV and 
V readings) and that subtle changes will be detected. 
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Discrepancies in hemoglobin levels 


To the Editors: Danskin and Neilson (Danskin FH, Neil- 
son JP. Twin-to-twin transfusion syndrome: what are 
appropriate diagnostic criteria? AM J OBSTET GYNECOL 
1989;161:365-9) in reporting 178 consecutive twin 
pregnancies commented on the difficulties in the di- 
agnosis of twin-to-twin transfusion syndrome. In their 
article they state that venous blood samples were usually 
taken from the neonates on the first day of life. We 
would like to point out that this method may misdi- 
agnose the fetal hemoglobin level. | 

We recently checked and noted discrepancies in he- 
moglobin concentrations in blood collected from the 
umbilical vein at delivery and in the first day of neonatal 
life. In 12 cases of twin pregnancy umbilical venous 
cord blood samples were collected at delivery and the 
hemoglobin estimations were compared with results 
from venous blood samples taken on the first day of 
life. Discrepancies were present in 21 of the 24 infants 
delivered. In the eight neonates delivered small-for- 
gestational-age (SGA) all had a higher value in the neo- 
natal specimen (mean difference, 34.3 gm/L + SD 
33.0; range, 8 to 108 gm/L; p < 0.05). In the neonates 
delivered appropriate-for-gestational-age (AGA) this 
difference was not so evident (mean difference, 12.5 
gm/L + SD 15.1; range, 0 to 59 gm/L; p < 0.005). In 
these cases there was an increase in eight, there was no 
change in three, and there was a decrease in hemoglo- 
bin level in five. The mean difference for SGA neonates 
was significantly higher than that seen in the AGA neo- 
nates (p< 0.05). We suggest that the hemoglobin 
changes result from the rapid changes in the state of 
hydration in the first day of life and these changes are 
greater in SGA infants. 

We conclude that studies that rely on differences in 
hemoglobin and hematocrit levels to confirm the di- 
agnosis of twin-to-twin transfusion in the presence of 
monochorionic placentation should be performed on 
cord blood samples collected at the time of delivery. 
The data of Danskin and Neilson may not be accurate 
in diagnosis of the true incidence of twin-to-twin trans- 
fusion syndrome. : 

Warwick Giles, PhD, Brian Trudinger, MD, 
and Gavin Wilcox, BSc 


Department of Obstetrics and Gynaecology, University of Sydney at 
Westmead Hospital, Westmead, New South Wales, 2145, Australia 
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Cytogenetic uncertainties surrounding the fragile X 
in Martin-Bell syndrome 


To the Editors: The fragile site of Xq27 first noted by 
Lubs' and later appreciated by clinical geneticists for 


its diagnostic significance in Martin-Bell syndrome, re- 
mained a simple curiosity during the early 1970s.° In 
recent years, many laboratories have vigorously tried 
to modify their methods because specific tissue culture 
conditions are required for the expression of the fragile 
site at Xq27. Consequently, many more fragile sites in 
the human genome have been observed. Telomeric 
structural changes similar in appearance to the fragile 
X site on the long arm of chromosomes with identical 
morphology to the X chromosome have created a per- 
plexing dilemma. These sites have been incorrectly mis- 
interpreted as fragile X in a number of patients. One 
such example is chromosome 6, which also has a fragile 
site at q26 and is often a source of error. 

There are persons who have a mixed population of 
cells with fragile site X(q27) and fragile site 6(q26) cre- 
ating difficulties in the determination of an accurate 
estimate of the population with fragile X cells.’ There 
are some persons who have gone undetected because 
of an extremely low percentage of cells with fragile site 
on chromosome X. The task remains arduous because 
various patients exhibit cells with a large range (1% to 
50%) of fragile X. Thus it is suggested that if fragile 
X occurs in >0.7% of cells in males and > 1.5% of cells 
in females from a single culture, then this probably 
indicates a specific fragile X expression.” 

Routinely, the fragile X chromosome has been iden- 
tified with the G-banding method. However, the harsh 
treatment-effect of trypsin during G-banding often re- 
sults in poor morphology of the fragile sites. Conse- 
quently, the fragile X chromosome can escape detec- 
tion, especially in cases with low incidence of expres- 
sion.*s Alternatively, if only conventional staining (solid 
stain) is used, chromosome 6 can be misinterpreted as 
a fragile X. 

In our experience the conventional staining method 
remains highly practical in estimating the incidence of 
cells with fragile X. Conventionally stained metaphases 
can be rapidly destained and then restained by the Q- 
banding technique for positive chromosomal identifi- 
cation of those metaphases with fragile sites (Fig. 1). 
This confirmative approach is highly efficient, espe- 
cially in subjects with a very low percentage of cells with 
fragile X or those who have fragile sites that involve 
other autosomes. With use of this approach six of 100 
cases referred to our laboratory for confirmation were 
determined to have been erroneously identified as frag- 
ile X. A wrong diagnosis will have serious consequences, 
especially in cases that are identified by prenatal di- 
agnosis, although it is understood that the absence of 
fragile X does not exclude the possibility of X-linked 
mental retardation in fetuses. 

Veena Sindwani, PhD, and Ram S. Verma, PhD 


Division of Genetics, Long Island College Hospital, 340 Henry St., 
Brooklyn, NY 11201 
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Fig. 1. A, sequentially stained metaphase from female erroneously identified as fragile X by con- 
ventional] staining. B, same chromosome was correctly identified as chromosome 6 by Q-banding 


technique. 
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Magnesium sulfate is not an ideal anticonvulsant 


To the Editors: Dr. Sibai has described magnesium sulfate 
as an ideal anticonvulsant (Sibai BM. Magnesium sul- 
fate is the ideal anticonvulsant in preeclampsia. AM J 
OBSTET GYNECOL 1990;162:1141-5). He also implies 
that magnesium sulfate prevents maternal deaths. The 
deaths that I have studied from eclampsia have not 
been related to seizures, but rather to liver rupture or 
failure, cerebral hemorrhage, and disseminated intra- 
vascular coagulation. Some had not received magne- 
sium sulfate, but I doubt that it would have prevented 
the deaths. | 

In our hospital, the cesarean section rate was 37.9% 
in parturients who received magnesium sulfate and 
8.3% in those not given the drug. Much of this was 
because of failed induction of labor in gravida with 
severe preeclampsia who had an unfavorable cervix. 
The cases were not comparable, but I am convinced 


that prophylactic magnesium sulfate leads to a higher 
cesarean rate than would occur with use of phenytoin. 

In one 4-week period, we had a patient convulse who 
had therapeutic levels of magnesium sulfate and an- 
other patient who received phenytoin in appropriate 
doses. Each responded to the other drug. Whereas” 
magnesium sulfate may be “ideal” as Dr. Sibai has de- 
scribed, it is not always effective.’ 

If there is any pharmacology involved in magnesium 
sulfate administration, why do we use the same loading 
dose regardless of maternal size?. 

I have seen the American College of Obstetricians 
and Gynecologists reverse themselves on several issues 
(electronic fetal monitoring, prenatal Rh immune glob- 
ulin, and fetal scalp sampling) and they may do so again 
with magnesium sulfate when younger people take the 
helm. Besides, I doubt whether the American College 
of Obstetricians and Gynecologists believes that they 
set the standards of obstetric care. 

And finally, I wonder whether Dr. Sibai has Bees 
given an intravenous push of 6 gm of magnesium sul- 
fate? At a patient’s insistence, I have. After this dreadful 
experience, even if magnesium sulfate were 100% ef- 
fective, I would never agree that it is an “ideal” drug, 
although it may be the best available. 


Robert C. Goodlin, MD 


Department of Health and Hospitals, City and County of Denver, 
777 Bannock St., Denver, CO 80204-4507 
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Reply 
To the Editors: I taank Dr. Goodlin for his interest in 
the subject of the use of magnesium sulfate in pre- 
eclampsia. It is apparent that he did not get the message 
conveyed by my manuscript. 

The emphasis of the article was on the fact that no 
other drug has been proved as effective as magnesium 
sulfate in the prevention of convulsions. I did not imply 
that the use of magnesium sulfate prevents maternal 
deaths. Maternal deaths are prevented by the experi- 
ence of the staff and the availability of the appropriate 
facilities in a certain institution. The data on mortality 
were included to show that excellent maternal outcome 
was achieved in the absence of anticonvulsive agents 
other than magnesium sulfate. Thus magnesium sul- 
fate is not a bad medicine as shown by this excellent 
maternal and prenatal outcome. 

There are no data to indicate that cesarean section 
in preeclampsia is usually a result of failed induction. 
The rate of cesarean section for failed induction in 
preeclampsia is similar to the respective rate in any 
pregnancy being induced without the use of magne- 
sium sulfate. 

With regard to the efficacy of magnesium sulfate, I 
did not imply that it is universally effective. In fact, this 
claim cannot be made for any drug in medicine. How- 
ever, I noted that the failure rates in the prevention or 
control of eclamptic convulsions are still superior to any 
other drug including phenytoin and diazepam. It is 
important to note that since the publication of my ar- 
ticle, three reports appeared in the literature that in- 
dicate that magnesium sulfate is the ideal anticonvul- 
sant in eclampsia. One report by Slater et al.' found 
recurrence of convulsions in two of eight women (25%) 
who received phenytoin. 

Dommisse? reported on 22 patients with eclampsia 
who were randomly allocated to receive either in- 
travenous phenytoin (n = 11) or magnesium sulfate 
(n = 11). Four of the 11 treated with phenytoin (36%) 
had further convulsions that subsequently responded 
to magnesium sulfate, whereas subsequent convulsions 
did not develop in the magnesium group. Crowther” 
reported on 51 patients with eclampsia who were ran- 
domized to receive either magnesium sulfate (n = 24) 
or diazepam (n = 27). Recurrent convulsion occurred 
in five (21%) patients in the magnesium group and 
seven (26%) patients in the diazepam group. In addi- 
tion, the author reported that magnesium sulfate has 
~ advantages over diazepam for the mother and infant 
in the treatment of eclampsia. 

Dr. Goodlin is worried about the painful side effects 
of magnesium sulfate as evident from his experience 
receiving it. No, I have not been given an intravenous 
push of 6 gm of magnesium sulfate, and will not take 
it to experience the effects. However, I will receive it 
if it ever becomes possible for me to become pregnant 
and develop either preterm labor or preeclampsia. 

Baha M. Sibai, MD 


Department of Obstetrics and Gynecology, 853 Jefferson Ave., Suite 
E102, Memphis, TN 38103 
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Parameters of hypothalamic aging 


To the Editors: We read with great interest the study by 
Alexander et al. (Alexander SE, Aksel S, Hazeton JM, 
Yeoman RR, Gilmore SM. The effect of aging on hy- 
pothalamic function in oophorectomized women. AM 
J OBSTET GYNECOL 1990; 162:446-9) and wish to com- 
ment on a critical issue concerning the study design 
and conclusions. Although the question posed by the 
authors is important, the study design failed to dem- 
onstrate their conclusions because the parameters as- 
sessed were not truly representative of hypothalamic 
aging. It is misleading to conclude from the data pre- 
sented that basal, unstimulated levels of gonadotropins 
are representative of parameters of aging of the 
hypothalamic-pituitary system per se, in either rats or 
women. 

More specifically, in reviewing the literature that ex- 
amines the issue of hypothalamic aging it is apparent 
that aging of the reproductive system in female rats is 
characterized by a general decline in the frequency of 
regular estrous cycles. Moreover, it has been elegantly 
shown by Phyllis Wise that middle-aged rats (9 to 12 
months old) have comparable basal concentrations of 
luteinizing hormone and follicle-sumulating hormone 
with young rats (3 to 4 months old), but show a signif- 
icant and dramatic difference in the timing and am- 
plitude of preovulatory gonadotropin surges in re- 
sponse to physiologic amounts of estradiol.’ Thus it is 
believed that alterations in the positive feedback action 


of estradiol occur concurrently with the transition of 


regular to irregular estrous cyclicity and that these al- 
terations represent parameters of aging of the female 
rat hypothalamic-pituitary axis. Therefore to extrap- 
olate from available data about rats to women one 
would not expect a demonstrable difference of basal 
luteinizing hormone and follicle-stimulating hormone 
pulsatility between oophorectomized women of differ- 
ent ages. Basal levels are not representative of aging 
hypothalamic function, although estradiol-induced lu- 
teinizing hormore surges may be. 

David B. Seifer, MD, and Ervin E. Jones, PhD, MD 


Division of Reproductive Endocrinology, Department of Obstetrics 
and Gynecology, Yale Universtty School of Medicine, 333 Cedar St., 
P.O. Box 3333, New Haven, CT 06510 
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Reply 
To the Editors: We thank Drs. Seifer and Jones for their 
interest in our study and their comments. Our work 
solely addressed the issue of hypothalamic aging with 
respect to gonadotropin-releasing hormone/leutiniz- 
ing hormone (LH) secretory function in young to old 
women in total absence of ovarian steroids. Because 
release of gonadotropin-releasing hormone is reflected 
in the pulsatile secretion of LH, we specifically searched 
for age-related changes in the hypothalamus with re- 
spect to pulse frequency and amplitude in different age 
groups. Nowhere in the article did we extrapolate from 
available data about rats to women and it was of interest 
to us that an article by Karpas et al., who reported the 
pattern of pulsatile LH secretion in young, middle- 
aged, and old castrated male rats, followed our study 
design.’ This study showed lower mean LH levels and 
LH pulse amplitude in the middle-aged and old rats 
when compared with young rats. The old rats also had 
significantly lower LH pulse frequency than that of the 
other two groups. The contention of Drs. Seifer and 
Jones that changes in basal LH and follicle-stimulating 
hormone pulsatility are not representative of aging hy- 
pothalamic function is certainly not supported by this 
study. 

Their objection to our conclusion is apparently made 
on the basis of the study by Wise, as quoted in their 
letter, who studied young and middle-aged rats, ovar- 
iectomized and estrogen primed, but not old, anestrous 
rats, nor their basal gonadotropin pulse patterns. Hy- 
pothalamic response to steroids may be altered in aging 
rats and may possibly be altered in aging women, but 
we did not attempt to address this issue in our study. 

Sam E. Alexander, MD, and Sezer Aksel, MD 
Division of Reproductive Endocrinology, Department of Obstetrics 
and Gynecology, University of South Alabama, Mobile, AL 36688 
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Triplet pregnancies— Are we really doing better? 


To the Editors: In the past 2 years there have been several 
articles on multifetal pregnancies, such as the one from 
Toronto by Dr. Gonen et al. (Gonen R, Heyman E, 
Asztalos EV, et al. The outcome of triplet, quadruplet, 
and quintuplet pregnancies managed in a perinatal 
unit: obstetric, neonatal, and follow-up data. AM J OB- 
STET GYNECOL 1990;162:454-9). The data presented 
are very interesting. Especially impressive are the data 
on survival and long-term prognosis of triplets. The 
conclusions of the authors were that early diagnosis, 
meticulous antenatal care, early hospitalization, deliv- 
ery by cesarean section, and availability of expert neo- 
natologic care are the major determinants of improved 
outcome. However, in a review of their data and ours’ 
it is clear that despite various antenatal efforts, such as 
early diagnosis, hospitalization and use of tocolysis, in 
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the past 4 decades we could not prolong the mean 
gestational age at delivery or the average infant weight 
of triplets. As for early hospitalization, it has been 
shown that equally good results can be achieved by 
outpatient management of tripiet pregnancies.’ 

We believe that the better prognosis for triplets could 
be attributed’ primarily to the great advances in neo- 
natology, whereas our role as obstetricians in these cases 
is somewhat limited. However, it should not be impli- 
cated that advanced obstetric care is futile. We would 
very much like the authors to share with us their opin- 
ion on the issue because we are sure that not all hospitals 
have the excellent neonatologic facilities and abun- 
dance of personnel as the one with which they are as- 
sociated in Toronto. 

Amir Weissman, MD and Peter Jakobi, MD 


Department of Obstetrics and Gynecolozy, Rambam Medical Center, 
Haifa, Israel 31096 
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Reply 

To the Editors: Drs. Weisman and Jacobi make some 

excellent points. There is no doubt that many of the 

interventions notated have not been proved prospec- 
tively by randomized trials in either singleton or triplet 
pregnancies. Thus they could be concluded to be con- 
tentious. Despite the fact that our review was not set 
up to evaluate the individual components or weight 
their importance, I agree that there can be no doubt 
that quality of neonatal care at the time of delivery and 

a highly functional team effort in the neonatal intensive 

care unit are absolutely necessary and quite possibly of 

the most significance. . 

However, I think if one looked at outcome over time 
with specific reference to stillbirths one might find, as 
we have with singleton pregnancies, that over the past 
20 years the stillbirth rate has fallen as well as the neo- 
natal death rate; with a significant incidence of intra- 
uterine growth retardation in triplets (17%) one might 
also find with the passage of time that there also was a 
decrease in morbidity. Both of these factors might well 
relate to the importance of quality obstetric care. Cer- 
tainly the evidence from isolated neonatal intensive 
care after neonatal transport, as opposed to the im- 
proved neonatal outcome from integrated perinatal in- 
tensive care after fetal-maternal transport, would also 
suggest that the obstetric component is.of some signif- 
icance. 

The point with respect to outpatient management 
versus inpatient management is contentious as well, in- 
asmuch as the outpatient management referred to re- 
lates predominantly to monitoring of uterine activity 
and educational efforts by nurses (as well as frequent 
hospitalization, when indicated, and tocolytic therapy). 
As the American College of Obstetricians and Gyne- 
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cologists pointed out in a recent bulletin, the place of 
all or any of the above has not been proved in the 
prevention of preterm delivery. Perhaps with the wide- 
spread use of this approach at the present time in 
North America it will never be able to be proved ad- 
equately in hard scientific terms. We all know the dif- 
ficulties we have with respect to the place and value of 
electronic fetal heart rate monitoring. 

I think the bottom line at the present time is that 
when one puts the total package together one can get 
good results with quality care. Patients should be aware 
of this both at the time of in vitro fertilization and in 
the discussion of selective reduction before any final 
decision is made. 

J. E. Milligan, MD 
Regional Perinatal Unit, Women’s College Hospital, 76 Grenville 
St., Toronto, Ontario, Canada M5S IB2 


One case of 45,X abortus with high CA 125 level 


To the Editors: In our report (Check JH, Nowroozi K, 
Winkel CA, Johnson T, Seefried L. Serum CA 125 levels 
in early pregnancy and subsequent spontaneous abor- 
tion. Obstet Gynecol 1990;75:742-4; submitted for 
publication July 27, 1989) of the relationship of CA 125 
to spontaneous abortion, we included one case of a fetal 
karyotype of 45,X. This case led us to speculate on the 
possibility that an elevated CA 125 level could suggest 
a chromosomal abnormality. This was the only abortus 
that had been karyotyped in the initial series, and we 
were prompted to try to karyotype subsequent abor- 


Letters 1717 


tions in an effort to support our hypothesis. The ques- 
tion was, Is this associated only with 45,X or with other 
aneuploidies? After subsequently finding two addi- 
tional cases, a trisomy 21 and a trisomy 12 and 13, we 
submitted a case report, which was published subse- 
quently in the AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY (Check JH, Nowroozi K, Vaze M, Wapner 
R, Seefried L. Very high CA 125 levels during early 
first trimester in three cases of spontaneous abortion 
with chromosomal abnormalities. AM J OBSTET Gy- 
NECOL 1990;162:674-5; submitted for publication Au- 
gust 10, 1989), including not only the latter two cases 
but also the 45,X case. This may have inadvertently 
given the reader the impression that we have seen two 
cases of 45,X karyotype with an elevated CA 125 level. 
We write this letter to clarify that we have observed 
only one case of 45,X abortus with high CA 125 level. 

We have subsequently found other cases that have 
also had chromosomal abnormalities, including an- 
other trisomy 21 and a trisomy 10. We are presently 
engaged in a prospective study aimed at determining 
whether elevated CA 125 levels in the early first trimes- 
ter indicate an increased risk of fetal chromosomal ab- 
normalities or whether the association is merely coin- 
cidental. 

We apologize for any confusion with the reported 
case and want to reiterate that we reported only one 
case of elevated CA 125 and subsequent abortion in a 
fetus with 45,X karyotype. 

Jerome H. Check, MD 
7447 Old York Road, Melrose Park, PA 19126 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby—Year Book, Inc., 11830 
Westline Industrial Drive, St. Louis, Missourt 63146-3318. 


Common Problems in Obstetric Care, April 3-6, 1991, 


Westin Maui, Maui, Hawaii. Sponsored by the 
Departments of Obstetrics and Gynecology, 
Cornell University Medical College—The 
New York Hospital and The University of Ha- 
wali Medical Center. For information contact: 
Colette Carmeris, Course Coordinator, De- 
partment of Obstetrics and Gynecology, NYH- 
CUMC, 525 East 68th St, New York, NY 
10021. Tel.: (212) 746-3058. 


Fourteenth Annual Mid-Winter Symposium in 


OB/GYN, Scottsdale Hilton Hotel, Scottsdale, 
Arizona, February 27—March 1, 1991. Co- 
Sponsored by the Phoenix OB/GYN Society 


Bound volumes available to subscribers l 

Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avall- 
able to subscribers (only) for the 1990 issues from the Publisher, at a cost of $55.00 ($79.00 
international) for Vol. 162 (January-June) and Vol. 163 (July-December). Shipping charges 
are included. Each bound volume contains a subject and author index and all advertising 


and the Department cf OB/GYN, Maricopa 
Medical Center. Contact: The Secretary, Phoe- 
nix OB/GYN Society, 511 W. Montebello, 
Phoenix, AZ 85013. Tel.: (602) 266-6321. 


14th Annual Gold, Coast Ob/Gyn. Conference, “Clin- 


ical Trends in Ob/Gyn,” will be held February 
11-13, 1991, in West Palm Beach, Florida. The 
course is sponsored by Good Samaritan Hos- 
pital of West Palm Beach, Florida, and ap- 
proved for 12.0 credit hours in Category I. 
For more, informatior. contact Laura J. Leh- 
mann, CME Coordinator, P:O. Box 024308, 
West Palm Beach, FL 33402. Tel.: (407) 650- 
6236. 


is removed. Copies are shipped within 60 days after publication of the last issue in the 
volume. The binding is durable buckram with the JOURNAL name, volume number, and 
year stamped in gold on the spine. Payment must accompany all orders. Contact Mosby—Year 
Book, Inc., Circulation Department, 11830 Westline Industrial Drive, St. Louis, Missouri 


63146-3318, USA; phone (800) 325-4177, ext. 7351. 
_ Subscriptions must be in force to qualify. Bound volumes are not available in place 





of a regular JOURNAL subscription. 





e Gynecologic Oncologist — * Reproductive Endocrinologist 
< e Clinical Geneticist 


The Baystate Medical Center is the major provider of tertiary care in Western Massachusetts. It has recently expanded its 
resources through its designation as the Western Campus for Tufts University Medical School. In response, the Department 
of Obstetrics and Gynecology is expanding its full time faculty group. 


The Department has over six thousand deliveries and three thousand operative procedures. Our staff consists of forty-five 
community based physicians, five certified nurse midwives, and eleven full time faculty in the fields of Maternal-Fetal 
Medicine, Reproductive Endocrinology, Gynecologic Oncology and Primary Care. The Department has a major commit- 
ment to Student Education and has an independent Resident Education Program with twenty residents. Excellent opportu- 
nities exist for basic and clinical investigation in many areas. 


Baystate Medical Center offers a salary and academic rank commensurate with experience. The Department also has a prac- 
tice plan. Send Curriculum Vitae or contact: 


Laurence E. Lundy, MD, Chairman, Obstetrics and Gynecology Patrick O’Grady, MD, Chief, Maternal Fetal Medicine 


John Powell, MD, Chief, Gynecologic Oncology Halina Wiczyk, MD, Chief, Reproductive Endocrinology 
Department of Obstetrics and Gynecology Fy) 
' Baystate Medical Center | ‘eee 
780 Chestnut Street — 
Springfield, MA 01107 R M Ai | C 
(413) 784-5457 aysla le calcd enter 
We are an equal THE WESTERN CAMPUS OF TUFTS UNIVERSITY SCHOOL OF MEDICINE 


opportunity employer. 


A member of Baystate Health Systems 


Look at health care 
from our point of view 


The obstetrician gynecologists who 
ad practice at Group Health are here because 
fe quality of life is just as important to them as 

the quality of their work environment. 

They enjoy being part of a highly 
respected health care organization as much 
as they like living in one of the top areas in 

- the nation. 

If you like our point of view, we invite 

you to call us toll-free at (800) 543-9323 for 
ee A Jna more information about career opportunities 
Mne: paar at Group Health. 





Bagi, 





rage L a 


pi swe, —_ TrA 


© 1990 Group Health Cooperative of Puget Sound. AX dights reserved. EOE M-F-Y-H, of Puget Sound 


47A 


OBSTETRICAN/GYNECOLOGIST 
COLUMBIA, SOUTH CAROLINA | 


A progressive six man OB/GYN Practice with 
a Maternal-Fetal Medicine Specialist is seek- 
ing an additional panpe to practice obstetrics 
and gynecology. - 

This practice is based at one hospital, has a 
new office, two ultrasound machines, and in- 
office laser surgery. We are very active in 
high risk eae and arene laparos- 
copy. 

We are looking for a board certified or board 


eligible, young physician to associate with this © 


practice on a permanent basis. Salary is com- 
petitive with comprehensive fringe benefits 
package.. | 

Association will lead to full and equal partner- 


ship. We are seeking anew paniel as of July ` 


1, 1991. 


For more information, please send a letter 
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and Curriculum Vitae to: 


Alexander R. Smythe, II M.D.: 

Columbia OB-GYN Associates, P.A. 

1333 Taylor St., Suite 5-F 
Columbia, South Carolina 29201 


MATERNAL-FETAL 
MEDICINE | 
CREIGHTON UNIVERSITY 


Perinatologist needed to join two man Division 
in growing, rejuvenated Department at a 


major Jesuit university. Excellent institutional’ 


support, two teaching hospitals with good 


. variety of challenges and 4000 deliveries an- 
nually. Affiliation with Boys Town National Re- 


search Hospital. Metropolitan center with 
pleasant weather variety, comfortable life- 
Style, and low crime rate. Rank and role in 
the Division negotiable and dependent on ex- 
perience, interests, and goals to be mutually 
established. Highly competitive salary and 
benefits. 


Contact: 


Richard P. Perkins, M.D. . 
Professor of Obstetrics and Gynecology 
Director of Obstetric Programs 

. 601 N. 30th Street 
Omaha, NE 68131- 





OB/Gyn or Perinatologist 


Faculty appointment based full- 
time at affiliated hospital (500 beds, 
4000 deliveries, Level Ill nursery) | 
in moderate-sized city. Primarily 
obstetrics but little night/weekend 
call. Excellent opportunity for board . 
_ certified/eligible generalist or peri- 
natologist to teach & practice in en- 
vironment.conducive to family life. 
Competitive salary & ene: 


Send CV ito: 
Charles B. Hammond, MD 
' Chairman | 
Department of OB/Gyn 
PO Box 3853 
Duke University Medical Center 
| Durham, North Carolina 27710 
or FAX 919-684-6161 
_. | AA/EOE 


BREE REGIONAL 
EDICAL CENTER 


762 - 14th Street Elko, Nevada 89801 (702) 738-3111 


OBSTETRICIAN/GYNECOLOGIST 


Nevada’s oldest multi-specialty clinic seeks BE/ 
BC OB/GYN to join two other OB-GYN’s and - 
Nurse Midwife: in very busy practice. Lucrative 
opportunity for full range of specialty practice. All 


'|- fee for service with excellent collection ratio. 
|. Guaranteed salary for six months leading to full 


partnership. Comprehensive benefit package in- 


li cluding malpractice insurance. Elko is a thriving 


community surrounded by mountains and wilde:- 
ness areas. Recreation yar round. Please send 


C.V. to: 


Cherie Atwood, Administrator 
` Elko Regional Medical Center 
762-14th Street 
Elko, Nevada 89801 
(702) 738-3111 


FACULTY POSITION 
DIVISION OF MATERNAL-FETAL 
| MEDICINE 
ALBANY MEDICAL COLLEGE 


Rapidly expanding division in our Department of 
Ob/Gyn needs a third board eligible / certified 
individual. Candidates should have a strong 
background in obstetric ultrasound as well as 
a commitment for medical student and resident 
education. Protected time for research and 
other academic pursuits guaranteed. New fa- 
cility nearing completion. Academic rank in ac- 
cordance with experience. Competitive salary 
plus attractive faculty incentive plan provided. 


Albany, capital of New York State, offers major 
cultural and recreational opportunities as well 
as a variety of life styles in a sane environment. 
INTERESTED CANDIDATES SHOULD SEND A 
LETTER OF INTEREST WITH CV TO: 


Myron Gordon, M.D. 
Chairman, Department of OB/GYN 
Albany Medical College A-74 
47 New Scotland Avenue 
Albany, New York 12208 

OR ; 
Paul J. Weinbaum, M.D. , 
Head, Division of Maternal-Fetal Medicine 
Department of OB/GYN A-133 


BRIGHAM 
AND 
WOMEN'S 


HOSPITAL 


Obstetrician / Gynecologist 


The Brigham and Women's Hospital, a major teaching 
hospital of Harvard Medical School, seeks several 
obstetrician/gynecologists to join a busy full-time faculty 
group practice in general obstetrics and gynecology. 
The practice is located in a private setting near the 
hospital. 


Applicants should be Board-certified/eligible. 


Academic appointment at Harvard Medical Schoo! will 
be granted. 


Offers competitive economic package and generous 
fringe benefits. 


Commitment to clinical care and teaching are 
essential. ` 


Send inquiry and curriculum vitae to: =’ 
Kenneth J. Ryan, M..D., Chairman 
Department of Obstetrics and Gynecology 
Brigham and Women’s Hospital 
75 Francis Street, ASB1-3-073 
Boston, Massachusetts 02115 


The Bigham and Women's Hospital is an affirmative action, 
equal opportunity employer. 


ATLANTA 


Multi-specialty group seeks BC/ 
BE Obstetrician/Gynecologist to 
join sole OB/GYN in 44 physician 
group. Practice includes primary 
care OB/GYN and some repro- 
ductive endocrinology, laser in- 
fertility surgery, hysteroscopy, 
and oncology. A special interest 
in high risk OB desirable. For- 
ward inquiries and C.V. to: 


Ms. Billie Clary 
Administration 
100 Tenth Street, N.W. 
Atlanta, Georgia 30309 


CHAIR, DEPARTMENT OF 
OBSTETRICS AND GYNECOLOGY 


The Allentown Hospital—Lehigh Valley Hospital Center 
(TAH-LVHC), an 830-bed regional tertiary care teaching 
hospital is seeking an OB/GYN Chair. The hospital has 33 
active OB/GYN staff physicians, including a gynecologic 
oncologist.and reproductive endocrinologist. The current 
Chair, who will be leaving at the end of this year, is a 
perinatologist. The hospital is currently recruiting a 
maternal-fetal subspecialist. TAH-LVHC is a regional Level 
HI Perinatal Center and a clinical campus of Hahnemann 
University in Philadelphia. Of over 3,300 births in 1989, 42% 
were in the high-risk category. The department is supported 
by a 20-bed Level III NICU and has an active OB/GYN clinic 
which experienced over 8,000 visits in 1989. 


NEWLY-CREATED POSITION OF 
VICE CHAIR/DIRECTOR 
OF EDUCATION 


In response to the continuing growth of the community and 
the expansion of the OB/GYN Department, TAH-LVHC is 
seeking its first full-time OB/GYN Vice Chair/Director of 
Education. The hospital has a fully-approved free-standing 
Residency Program with eight American-trained residents. A 
total of 70 residents and 400 medical students are trained at 
the hospital each year. 


The hospital is located in Allentown, a cosmopolitan city one 
hour north of Philadelphia and one and one-half hours west 
of New York City. Interested board-certified candidates may 
send a curriculum vitae, in confidence, to Headley S. White, 
Jr., M.D., Sr. V.P., Medical and Academic Affairs, c/o 


. HealthSearch,'50 College Drive, Suite 323, Allentown, 


PA 18104. (215)778-7993. 
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The parimodiheeichooek Medical Center is 
searching for a Board Certified Gynecologic 
Oncologist at the Associate Professor Level. 
He/She must be an accomplished investigator and 
be interested in developing a medical center and 
state-wide academic and clinical program in 
gynecologic malignancy. Piease send CV with 
names and addresses of three references to: 


L. Herbert Maurer, M.D., Chairman 
Gynecologic Oncologist Search Committee 
Hematology/Oncology 
Dartmouth-Hitchcock Medical Center 

2 Maynard Street 

Hanover, NH 03756 


Dartmouth-Hitchcock Medical Center is an 
Affirmative Action/Equal Opportunity Employer. 


Dartmouth-Hitcheock 
Yn, Medical Center 


The Hitchcock Clinic 
Hanover, New Hampshire 


SOUTHEASTERN KANSAS 
BUILD A SUCCESSFUL PRACTICE 


Progressive, 188-bed medical center, lo- 
cated in a beautiful, Southeastern Kansas 
university town, has great need for 
another OB/GYN. Because of over 500 
deliveries in the service area, the two 
OB/GYN’s and Family Practice physi- 
cians cannot meet the demand for both 
Obstetrics and Gynecology. The 28-phy- 
sician medical staff will welcome you and 
the hospital will do everything possible to 
help establish your practice. Build this fine 
practice while enjoying a quality lifestyle 
in a college town. Outstanding financial 
package. | 

Send CV or call Mark Hanna at: 

JACKSON AND COKER, INC. 
115 Perimeter Center Place 
Suite 380 AJOGO 
Atlanta, GA 30346 
1-800-544-1987 





PERINATOLOGIST 


Outstanding practice opportunity for a 
BC/BE perinatologist to join an estab- 
lished practice at lowa’s largest private 
teaching medical center. The hospital, a 
State designated Level lil Perinatal 
Center, averages over 2,000 deliveries 
annually and has an active maternal and 
neonatal transport system. The medical 
center's Level Ill Neonatal Intensive Care 
Unit is staffed by four board certified neo- 
natologists. Complete laboratory facilities 
are available including cytogenetic 
analysis of both amnictic fluid and tropho- 
biastic tissue. The Antepartum Testing 
Unit is equipped with computer-based fe- 
tal monitors and acolor flow Doppler ultra- 
sound unit. Excellent financial and life- 
style opportunities are available to the 
qualified candidate. Please call 515/ 
283-5911 or send CV to Mariann Clark, 
Medical Search Consultant, 1200 Pleas- 
ant Street, Des Moines, IA 50309. 


FACULTY POSITION IN OB/GYN 
MATERNAL-FETAL MEDICINE 


Wright State University School of Medicine, De- 
partment of Obstetrics and Gynecology invites ap- 
plications for a full-time faculty position in maternal- 
fetal medicine at the Assistant/Associate Professor 
level. Primary faculty duties will consist of medical 
student and resident teaching and supervision. The 
candidate must be licensable to practice medicine 
in Ohio. Other qualifications include board eligibility 
or certification in obstetrics and gynecology and 
completion of a fellwoship in maternal-fetal medi- 
cine. Women end minorities are encouraged to 
apply. Please send curriculum vitae and the names 
of three references to: 


Melvin G. Dodson, M.D., Ph.D. 
Nicholas J. Thompson, Professor and Chair 
Department of Obstetrics and Gynecology 
Wright State University School of Medicine 
One Wyoming Street 
Dayton, Ohio 45409 


All applications received by December 15, 1990, 
will be considered; if the pcsition is not filled there- 
from, applications will be considered as received 
until the position is filled. ‘Wright State University 
is an Affirmative Action and Equal Opportunity em- 
ployer. 
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Loyola University Chicago 
Faculty Positions 


Maternal Fetal Medicine 


Board Certified/Board eligible physician 
to join 5 person academic group perinatal 
practice as a full time faculty member in 
the Department of Obstetrics and Gyne- 
cology. 


OB/GYN Generalist 


Outstanding opportunity for OB/GYN 
Board eligible/Board Certified physician 
who is interested in a full time academic 
position. 


Contact: 


John H. Isaacs, M.D., Chairman 

Obstetrics and Gynecology Recruitment 
Committee 

Loyola University Chicago 

2160 South First Avenue 

Maywood, Illinois 60153 

(708) 216-3383 


The Mount Sinai Medical Center of New York 


Gynecologic Oncologist 


An outstanding career opportunity exists within our Division of 
Gynecologic Oncology for an additional faculty member at the assistant 
or associate professor level. 


The Mount Sinai Medical Center comprises the Mount Sinai Schoo! 
of Medicine and the Mount Sinai Hospital, a 1200-bed newly 
refurbished state-of-the-art il bal ender teaching center in New 
York City. itis affiliated with The City Hospital, Elmhurst Queens and 
two private hospitals. 


The department sponsors a fully accredited residency program with 
twenty-four residents and fellowsnip programs for specialty certification 
in Maternal Fetal Medicine, Reproductive Endocrinology and 
Gynecologic Oncology. 


We seek an individual who is interested in a career in academic 
medicine, Praning bent involved in research, teaching and patient 
care. We offer a highly competitive benefit pach ee including 
professional liability coverage, medical and dental coverage, pension, 
ed eb education, vacation, sick time, as wel! as housing 
assistance. 


For consideration, please direct your letter, curriculum vitae and the 
names of three references to: Carme! J. Cohen, MD, Director, 
Gynecologic Oncology, Dept of Obstetrics, Gynecology, & 
Reproductive Science, Box 1175, One Gustave L. Levy Place, New 
York, NY 10029 -6574, An Equal Opportunity Employer. 
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OBSTETRICIAN/GYNECOLOGIST 
Board Certified or Eligible 


Lutheran General Hospital, a 713-bed teaching hospital affiliated with 
the University of Chicago, Pritzker School of Medicine, is recruiting a 
generalist to join our hospital-based clinical faculty to share in patient 
care and education. There are more than 5000 deliveries annually, and 
over 1000 major gyn cases. Our Perinatal Center is the regional referral 
facility for a service area with more than 12,000 births, and will soon be 
part of the University of Chicago Perinatal Network. A completely new 
labor and delivery floor oriented towards the LDR concept opens next 
fall, and will provide optimal space and services for high risk and normal 
obstetrical patients. We have an active Ambulatory Surgery Unit, and 
committed operating rooms for major inpatient surgery. Inpatient and 
outpatient laser and pelviscopy instrumentation is available, and our 
new IVF program has recently delivered its first baby. Our Perinatal 
services are supported by an active Genetics program, and a large NICU 
and Neonatalogy Faculty. Our hospital-based faculty now includes five 
Generalists, four Perinatalogists, two Gyn Endocrinologists, and two 
Gyn Oncologists. All faculty members will have clinical appointments 
at the Pritzker School of Medicine. 


Clinical responsibilities involve the care of ambulatory and inpatients as 
part of the group, with involvement of residents and students. Our 
patient mix is largely private or managed care. Additional educational 
responsibilities include clinical and didactic teaching of Ob/Gyn, Family 
Practice, and Surgical residents, and medical students at 3rd and 4th 
year levels. Interest and experience in clinical research is valued, and 
matches our plans for program development. The position is available 
now, and we hope to fill it quickly. 


Our hospital is in Park Ridge, an attractive suburb northwest of Chicago. 
We offer a competitive salary and benefits package that is commensu- 
rate with experience and qualifications. Please send your C.V. to: John 
W. Grover, MD, FACOG, Chairman, Department 
of Obstetrics and Gynecology, 1775 Dempster St., 
> Park Ridge, IL 60068, or call directly at 708/ 
9 696-6994. Equal Opportunity Employer. 








Lutheran General Hospital 


NORTHERN CALIFORNIA 


The Permanente Medical Group, a growing multispecialty 
group, is recruiting physicians in a variety of specialties for 
positions throughout our beautiful Northern California 
region: the San Francisco Bay Area, Sacramento and the 
Central Valley. 


Obstetrician/Gynecologist 


BC/BE Obstetrician/Gynecologist sought to join small con- 
genial clinic setting within established pre-paid multi- 
specialty group. Practice consists of general obstetrics and 
gynecology, high risk obstetrics and infertility. Expertise in 
colposcopy, laparoscopy, hysteroscopy and laser are 


welcomed. Association with resident staff and teaching 
opportunities available. 


Kaiser Permanente offers competitive salaries and excellent 
benefits including full coverage malpractice insurance, 
medical, dental and group life insurance, vacation, educa- 
tional leave and an excellent retirement program. 


For more information, send CV to: Victor David, M.D., Chief, 
Obstetrics and Gynecology, The Permanente Medical Group, 
901 Nevin Avenue, Richmond, CA 94801. EOE 
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KAISER PERMANENTE 


Good People, Good Medicine. 
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BRIGHAM 
AND 
WOMEN'S 


HOSPITAL 


OBSTETRICS & 
GYNECOLOGY 


Obstetrician/Gynecologist needed to 
join a five physician department at a 
major regional multispecialty clinic in 
Billings, Montana. Clinic setting in- 
cludes all specialties and is adjacent 
to an outstanding tertiary care referral 
hospital. Excellent opportunity for a 
top notch board eligible or board cer- 
tified Obstetrician/Gynecologist look- 
ing for a challenging practice in a 
geographic area offering unlimited re- 
creational potential. Those interested 
send CV to: 


John W. Heizer, M.D., 
Medical Director 
The Billings Clinic 
P.O. Box 35100 
Billings, Montana 59107-5100 


Perinatologist 


The Brigham and Women's Hospital, a major teaching 
hospital of Harvard Medical School, seeks a full-time 
perinatologist to join the Division of Maternal-Fetal 
Medicine. i 


Applicants should be board-certified or active 
candidates for cerification in Obstetrics and 
Gynecology and Maternal-Fetal Medicine. 


Academic rank will be commensurate with experience 
and achievements. 


Commitment to clinical care, research, and teaching 
are essential. 


send inquiry and curriculum vitae to: 
Michael F. Greene, M.D. 
Director, Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Brigham and Women's Hospital 
75 Francis Street, ASB1-3-078 
Boston, Massachusets 02115 


The Brigham and Women's Hospital is an affirmative action, 
equal opportunity employer. 





Faculty Position 
The University of illinois College of 
Medicine at Peoria” 


GYNECOLOGIC ONCOLOGY 





Lite. 


It’s our life’s work, 







A full-time faculty position is available for a physician 
with board certification or eligibility by the American 
Board of Obstetricians and Gynecologists and special 
competence in gynecologic oncology. Candidates 
should be interested in clinical care, medical student 
and resident education, and developing a regionali- 
zation program for gynecologic oncology. Competitive 
compensation and excellent benefit package. Applica- 
tions will be considered until the position is filled. Send 
inquiry and curriculum vitae to: | 






If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 









Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 
doctors from the financial baggage of the private practi- 
tioner. | 







Group Health Plan isn’t for every physician, Just for those 
few who want to practice medicine without compromise. 





Thomas L. Gross, M.D. 
Associate Professor and Chairman 
Department of Obstetrics and Gynecology 
The University of Illinois 
College of Medicine at Peoria 
One Illini Drive, Box 1649 
Peoria, Illincis 61656 
“The University of Illinois is an Equal 
Opportunity/Affirmative Action Employer 






For an interview please talk with the Medical Recruiter at 
(814) 993-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 63141. An equal opportunity 
employer. 


GROUP HEALTH PLAN 
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- WORCESTER, MASSACHUSETTS _ 


OB/GYN ASSOCIATE BE/BC — 
Join Established Busy 2 Doctor Group. Af- 


filiated with Major Teaching Hospital/Urbanto ` |- 


Rural Lifestyle with Excellent Educational 


Systems. 3550 square foot medical office- 


connected to the hospital. State .of the art 
facilities including: 12 exam rooms, treatment/ 
procedure room, and SOPNISUCAIBE i ultra- 
sound equipment. 


EXCELLENT COMPENSATION PACKAGE 


INCLUDES: 
e Salary 
Malpractice 
Paid CME & Vacation 
Relocation Expenses 
And Much More 
Send or FAX CV To: 
Judy Goodney 
Director of Professional Relations - 
Central Massachusetts Health Care, Inc. 
Mechanics Tower 
100 Front Street, Suite 300 . 
` Worcester, MA 01608. 
(508) 798-8667 FAX (508) 798- 3069 


CLEVELAND CLINIC. 
FLORIDA 


GYNECOLOGIST 


Cleveland Clinic Florida, a multispe- 
- cialty group practice, has openings for 

two Board Certified or Board Eligible 
Gynecologists, a generalist.and an in- 
fertility specialist. Obstetrics is not cur- 
rently being practiced at CCF. It is de- 
sirable that both generalist and sub- 
specialist have an area of subspe- 
cialty interest they have developed or 
- are developing. Participation in rę- 
search dnd education is strongly en- 
couraged. Candidates must be eligi- 


ble to be licensed. in the state of- 


Florida. 
Please send CV's to: . 
Johna D. Lucas, M.D. ` 
Department of Gynecology - 
Cleveland Clinic Florida 


3000 West Cypress Creek Road | i 


Ft. Lauderdale, FL 33309. 


OB-GYN 


70-Doctor multispecialty group 


seeking a board certified/eligible 
Obstetrician-Gynecologist by 
June 1991 to associate with 4 
MDs.in an established practice. 
Well-equipped offices in a mod- — 


ern. expanding facility. Big-10 ` 


University community of 
100,000, superb cultural advan- 


|. tages, ideal for family. Opportu- 


nity for medical school affiliation. 
Excellent salary and benefits 
with early associateship. Reply 
with CV: 


_Ronald H. Deering 
101 West University Avenue 
Champaign, IL 61820 


NORTHERN CALIFORNIA 


The Permanente Medical Group, a growing multispe- ' 
cialty group, is recruiting for positions in our beautiful 
Northern California region: the San Francisco Bay Area, 
Sacramento and the Central Valley. 


REPRODUCTIVE 
ENDOCRIN OLOGIST 


e SAN JOSE? 

We are currently seeking a Reproductive Endocrinolo- 
gist to éstablish and run a reproductive endocrinology 
subdivision in the department. Duties would include 
the full.spectrum of reproductive endocrinology, out- . 
patient and surgical management of infertility. Fellow- 
ship certification would be preferred. The department 
currently has 17 physicians and is still growing. We 
offer a generous benefits package including full cover- 
age malpractice insurance. San Jose has beautiful 
weather and excellent access to Bay Area recreational | 
and cultural activities. 

For more, information, please contact: Jerome L. 

Nehemiah, M.D., Chief, Department of OB/GYN, The 
Permanente: Medical Group, Inc., 260 International 
Circle, Dept. AJOBG, San Jose, CA 951 19, or call collect 


. (408) 972-6180. EOE 


RY ® 
KAISER PERMANENTE 
Good People. Good Medicine. . 
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Finger Lakes — a 
. Ithaca, New York | 


Ghiguee oppoitüniy for patient oriented a 
sician in ‘comprehensive OB- GYN service, - 
building on established patiënt base of 6,000 
patients. Tò- include -out- -patient: gynecology, || 
obstetrics, surgery, infertility, and abortions. First 
call protection from. nurse- -midwives. Progres- 
sive university community (home: of Cornelt’. 


University) offers cu Itu ral attractions. ofa city with 


" the benefits’ of. small” town living, ‘Competitive 


salary, excellent benefits including sat at at $ 


SUMET Ea ra 


Send cv To: o Leslie, M, D., -Planned Pare il. 
enthood of eats County, 314 W. ‘State St., i] 


Ithaca, NY 14850. 


of Tompen gies 


(ox Planned Parenthood" 


OB- GYN 


BC/BE OB- GYN ‘sought for ae 4 


service, 260- bed 
hospital . 


dynamic South of Market area.. 


community- 


- Excellent: opportunity ` to. rain’ 


‘busy, growing practice. 


k Competitive salary and bene- | 7 i 


fits — 
RDE 
INi 


Walter Kopp 
St. Luke's Hospital - 


Si 3555 Army Street 
+ 
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San Francisco, CA 94110 a 


HOSPITAL od is 641; 6543 


| | Board 
ime Certified! | 
| Board 

i Bigle 


"Send Cc V to: ie 


- Exciting 
_ opportunity in 
fastest growing 
cityin 
“metropolitan. | 
New OSAI 7 


: So eh a : 
ae NA +>, > Outstanding 


* 
ene r 
33% a 
3 
' 
$ ‘ 
' 
-l 
. 
? 


es he opportunity- to 
‘= Join prestigious 

-= multi- -specialty - 

C dinie o 
T Exceptional: | z 
“income potential | 


n i Send ovi toe oe 
a Preston Thompson 
, _ 180 West Esplanade 
Ba ‘Kenner, LA 10065 - 


~ OBSTETRICIAN 
“GYNECOLOGIST 


St. Vincent's Medical Center, affiliated with 


|- > Yale University School of Medicine and New 
e York Medical College, is currently seeking a - 
|.. full-time Board Certified/Eligible Obstetrician 
| «+ Gynecologist to provide general in-patient. 
-and out-patient OB/GYN: care for hospital Ser- 
. vice patients. This responsibility will be shared 


with another full-time ;Board. Certified physi- 


T- cian already on staff. The opportunity for lim- 
ki ited private practice is available with appropri- 
” vate space, equipment and: support provided. 

“| `< Excellent ‘Opportunity for individual desiring 
-Well compensated position with no starting — 
-fees or overhead concerns. Full salary with 
`» excellent benefits. Excellent-hospital facilities 
. with perinatology. and neonatology services 

„į 7 on site. 


Please send: curriculum Vitae io 
Paul R. Ramirez; M.D. 


| » Chairman 
_ Department of Obstetrics and a Ge 
! “St ‘Vincent's Medical Center _ 
2800 Main Street | 
‘Bridgeport, Connecticut 06606 — 


(203) 576-5466 





KAISER PERMANENTE 3 * 
OBSTETRICIAN-GYNECOLOGIST 


The Permanente Medical Group, Inc., of San 
Jose, California is looking for BC/BE ‘physi- 
cians for immediate openings in the OB/GYN 
Department. Positions available either at the 


main facility in San Jose, or at satellite medical — 


offices in Gilroy. The young, dynamic, depart- 
ment is still growing and currently has seven- 
teen physicians and two nurse practitioners. 
Our outstanding benefits package includes 
full Coverage malpractice insurance. San 
Jose and Gilroy share excellent access to Bay 
Area cultural and recreational activities. 
Recent salary advances allow extremely com- 
petitive compensation starting with the first 
year of employment. 

For more information, please contact: 

| Jerome L. Nehemiah, M.D. 

‘Chief, Department of Ob/Gyn ` 

The Permanente Medical Group, Inc. 

260 international Circie . . 

san Jose, CA 95119 

or telephone: 408-972-6180 (collect) 





LAS VEGAS—Seeking highly qual- | 


ified board certified/eligible Ob/Gyn 
physicians to join our 60 physician 
multi-specialty group. Practice. in 
America’s Vacationland—mountain 
sports, water sports, world class en- 
tertainment. Enjoy affordable housing, 
no state income tax; excellent 
schools/colleges. High starting 
salaries, plus bonuses, no investment 
required. Benefits include malpractice 
insurance, ‘paid vacation, relocation 
expenses, health and life insurance, 
retirement program; continuing medi- 
cal education, dues, subscriptions, 
etc. Top tertiary hospitals. . 


- Ifinterested, call me at (702) 877- 8638 
or send your Curriculum Vitae to: Jerry 
Reeves, M.D., President, Southwest 
Medical Associates, P.O. Box 15645, 
Las Vegas, NV 89114. 








OBSTETRICIAN/ 
GYNECOLOGIST 


Immediate opening for a Board 
Certified/Eligible physician to 
work with 5 others at a well- 
established, growing HMO. 


Rochester Medical Group is a 


multispecialty medical group 
practice serving 45,000 patients 
at multiple sites. Clinical faculty 


appointment at the University of | 
Rochester is available with this | 


position. Competitive salary/ 
benefits with opportunities for re- 
search and resident teaching. 
Send resume to: | 
E Patricia Hosking 
Rochester Medical Group, PC 
1800 Hudson Avenue 
Rochester, NY 14617 


OB/GYN BC/BE two positions 
available in Oklahoma for hospi- 
tal based practice. New, fully 
equipped, LDRP facility, with 


1 central fetal monitoring, tele- 


metry, dedicated staff and 24 
hour obstetrical anesthesia and 
family prenatal classes. Level II 
nursery, strong Pediatrician sup- 

























port. Progressive community . 


with colleges, symphony and 
cultural opportunities. Malprac- 
tice rates reasonable. Salary and 
benefits guaranteed. Reply with 
CV to Medical Services, Room 
3129, P.O. Box 205, Oklahoma 


City, OK 73101. 
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OBSTETRICIAN 
GYNECOLOGIST 


Western Massachusetts staff model Health Main- 
tenance Organization is seeking two full-time, 
Board Certified/Board Eligible Obstetrician/Gyne- 
cologists to join our expert staff of five physicians _ 
and five midwives. . 





Our multi- specialty group practice employs 70 full- | 
time physicians and provides care for a member- 
ship of over 65,000 patients in our modern 
suburban facilities. Inpatient care is provided ata 
900-bed Tufts affiliated teaching hospital. 






Attractive Pioneer Valley location with fine edu- 
cational, cultural and: recreational opportuni- 
ties. Excellent salary and comprehensive 
benefit program. Please send curriculum vitae 
to: Oded Rencus, M.D., Chief of OB/GYN, 305 
Bicentennial Highway, Springfield, MA 01118 or 
call ms) 594-3111. 


GP keue cr Health Plan 
OW) g.: BLUE CROSS & BLUE SHIELD HMO — 


We are an equal opportunity/affirmative action employer 






OBSTETRICIANS & 
_GYNECOLOGISTS 
MOUNT SINAI SCHOOL OF MEDICINE 


Affiliation has excellent opportunities at Elmhurst 

_ Hospital Center serving western Queens 
community. Board certified/Board eligible © 
candidates will join team-oriented approach - 
providing healthcare to challenging patient mix 
in culturally diverse environment, located minutes 
from midtown Manhattan. Responsibilities 
include primary clinical care; routine/hightisk 
obstetrics; resident, fellow, and student teaching. 


Academic rank granted by School of Medicine 
based on individual credentials. Excellent salary 
and benefits package. Participation in successful 
physician private practice plan. Sendc.v. orcall: 
Jasmin Moshirpur, MD, Director of 
Obstetrics & Gynecology/Associate 
Dean-Elmhurst Affairs, Room #C8-13,_ 
(718) 830-1340/13468. : 


MOUNT SINAI SERVICES 


Elmhurst Hospital Center 
79-01 Broadway 
Elmhurst, NY 11373 
An equal opportunity employer. 





cr 


OF THE CIF UNIVERSITY 
OF NEW YORK 
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The Michael Reese Health Plan, a large well- 
established HMO serving its members in 20 Health . 
Centers throughout the Chicago Metro area, is seek- 
ing additional'Board Certified/Eligible physicians in 


‘Obstetrics 


Gynecology 


Physicians with the Health Plan enjoy a full practice 
.with modern facilities and 2quipment as well as op- 
_ portunities for teaching. All specialty facilities: . 

- available. 


‘A highly-competitive salary and excellent benefits 


complement a rewarding practice and lifestyle. 
Interested applicants shou'd'address inquiries to: 


Alfred Kendrick, M.D. 


Medical Affairs 


. MICHAEL REESE HEALTH PLAN 


2545 King Drive, Chicago 60616 
or call (312) 808-4551 


Michael Reese Health Plan 


an equal opportunity employer m/t/h 


PERINATAL ASSOCIATES OF 


‘NORTHERN CALIFORNIA 


Are you'a Clinical perinatologist? We are 


_three perinatologists and one geneticist- 


OB/GYN . looking for one more peri- 
natologist who: desires superior environ- 
ment for patient care, in a private, mod- 
ern, level 3 facility doing 6,000 deliveries 
a year with superior perinatal outcome; 
likes personal, direct hands-on patient 
care; needs PUBS, IUTxF, CVS and com- 
plicated pregnancies, level 2 ultrasound; 
demands partners, not superiors; wants 


to live in clean, warm, not humid, snow- 


free (but 60 minutes from skiing) Sacra- 
mento,: California: feels one’s family has 
priorities, and is committed to the private 
practice of medicine. If really interested 


call (916) 733-1755, extension 2773. 


Hanns C. Haesslein, M.D. 
Perinatal Associates 
of Northern California 
5301 F. Street 
Sacramento, California 95819 








Ambulatory 
Gynecologist 


Marshfleld Clinic's Department of OB/GYN is ex- 
panding and ts seeking a board-certifled obstetrician/ 
gynecologist for anew Ambulatory Gynecology posi- 
tion. Primary responsibilities include walk-in ambula- 
tory patients, performance of diagnostic office proce- 
dures, directing the departments’ physician extender 
clinic, and initial infertility evaluations. No OB or GYN 
call; no obstetrical care. Marshfield Clinic is a 350 
physiclan multi-specialty private group located in a 
thriving family-oriented community in central Wiscon- 
sin. Please send curriculum vitae to: 


George L. Hill, M.D. 
Chairman OB/GYN Department 


1000 North Oak Avenue 
Marshfield, WI 54449 


or call collect 
(715) 387-5161 


Marshfield Clinic 


Northwestern University 
Medical School Department 
of Obstetrics and Gynecology 
Chicago, illinois 
Academic Gynecologist 
Responsibilities include development of clinical or 
basic science research in the field of benign 
gynecology (interest in the field of urogynecology 
or infectious diseases is desirable), graduate and 


undergraduate education, and participation in clin- 
ical gynecology service. . 


Academic rank will be commensurate with qualifi- 
cations and experience. We encourage individuals 
interested in career development to apply. 


Applications should be sent to: 


Lane J. Mercer, M.D. 

Chief, Section of Gynecology 

Department of Obstetrics and Gynecology 
333 East Superior Street, Suite 420 
Chicago, illinois 60611 

In order to receive full consideration, application 
must be received by February 15, 1991. | 
Northwestern University is an affirmative actioni 
equal opportunity employer. Hiring is contingent 
upon eligibility to work in the United States. 








OBSTETRICIAN/ 
GYNECOLOGIST 


Opportunity for a qualified OB/GYN physi- 
cian to join the staff of the Medical Center 
of Delaware beginning July 1, 1991. 


Responsibilities include treating patients 
in four area clinics and supervision of res- 
idents. 


Generous salary and benefits package in- 
cludes Professional Liability insurance, 
vacation, health insurance coverage, 
dental and prescription plans. Newark, 
Delaware is in close proximity to Phila- 
delphia and Baltimore, sports, cultural 
events, theatre, and shopping. 


Please direct inquiries and C.V. to: 


Medical Center of Delaware 
c/o Garrett H.C. Colmorgen, M.D. 
Obstetrics and Gynecology 
Maternal/Fetal Medicine 
4755 Ogletown-Stanton Road 
P.O. Box 6001 
Newark, DE 19718 


Ob/Gyn Residency Program 
Director, Central Texas 
Medical Foundation at Brac- 
kenridge Hospital, Austin, 
TX. Integrated with St. Jo- 
seph Hospital at Houston. 
Other CTMF residencies in 
FP, Internal Medicine, Pedi- 
atrics and Surgery. Contact 
or send CV to Earl B. 
Matthew, M.D., CTMF, 60T 
East 15th Street, Austin, TX 
78701 (512) 480-1872, or 
Joseph A. Lucci, M.D., 
St. Joseph, 1819 Crawford, 
Houston, TX 77002 (713) 
757-7478. 
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OBSTETRICIAN / 
GYNECOLOGISTS | 


Group Health Asscclation, one of Washington, 
DC's most respected names in the health main- 
tenance field, has immediate and future openings 
for board certified or eligi bie: Obsteiric! lan/ 
Gynecologists. 


_ Consisting of nine multl-specialty medical centers 
and 200 physicians, Group Health's highly skilled 
support staff serves over 150,000 members. This 
staff attends fo the detalls of clinical administration, 
allowing you the freaciom.io devote your energy 
fo practicing medicine. Further. GHA's challenging 
work environment offers a diverse patlent popu- 
lation and affiliation with the area's finest hospitals. 


Agenerous benefits package including vacation, 
sick leave and insurance coverage (malpractice, 
life, retirement, disablity and dental). awaits you in’ 
return for your expertise. In addition, you can look - 
forward to company-paid hospital and licensing 
fees, professional society dues, continuing ed-, 
ucatlon as well as predictable office hours. 


if you wouid like more information, please send 
your CV. to the address below or call Mary Hines, 
Physiclan Recrulter, an 1-800-336-1442 or in DC 
Metro area, (202) 364-7442. 


Turner Bledsoe, M. D, Medical Director 


Group Health Association 


4301 Connecticut Avenue, NW. 
Washington, DC. 20008 


An Equal Opportunity Employer . 

























“GYNECOLOGICAL 
ONCOLOGIST 
Indianapolis, Indiana 


Candidate will assume position as Medi- 
cal Director of Gynecological Service. 
Must be fellowship-trained in aynoeo eg | 
ical Oncology.. . 


Practice at Methodist Hospital of Indiana 
with 1,120 beds and a tertiary Oncology 
center. Excellent research opportunities: | 
with industrial and cooperative groups in- 
cludes Molecular Oncology. à S 


Beautiful, environmentally clean area. 
Easy access to lakeside housing. Low 
crime rate and low taxes. 


Private practice income plus adminiistra- 
tive salary commensurate with ee! 
ence. Send CV or call: 


Greg Flowers ` 
JACKSON AND COKER, INC. 
115 Perimeter Center Place 
Suite 380 AJOGO 

Atlanta, GA 30346 © 
1-800-544-1987 
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` URBAN BOSTON: Experience reasonable work 


Two person OB-GYN group, well 
established, in prestigious Long 
Island community. Looking for 
BC/BE Associate leading toward 
partnership. University and 
Community hospital affiliations, 
in-office sonography, cryo 
surgery, and colposcopy. Excel- . 
` lent salary, benefits, and future. 


i Send. C. V. to: 
Marc Harvey, M.D., F.A.C.O:G. 
~ 100: Manetto Hill Road 
= Suite 306 | 
Plainview, NY 11803 





~ OB/GYN 


Free er from the business aspects of private 
- practice and enjoy the visibility and advantages of 
a multi-specialty prepaia group practice in SUB- 









and coverage schedules. As a full-time member of 
our respected staff, you will work in one of our mod- 
ern, well- -equipped facilities in north suburban or 
south suburban Boston. Ancillary services are on- 
site: Locations are within reasonable distance of 
the ocean, ski resorts, cultural and academic cen- 
ters. Excellent compensation and fringe benefit 
package including full’ malpractice coverage. 
Send C.V. to Director of Physician Recruitment, 
_Medical East Community Health Plan, One Wor- 
cester Road, Framingham, MA 01701: or call | 
‘collect (508) 879-0077. 


ii Community Health Plan 
= D A BLUE CROSS & BLUE SHIELD HMO 
n, 


We are an eq ual saportaniey/atien ‘mative action mpb 



















OBSTETRICIAN/ 
GYNECOLOGIST 


Large, independent multi-specialty 
group in Minneapolis-St. Paul met- 
ropolitan area seeks additional BC/BE 
obstetrician/gynecologists to join chal- 
lenging, established practice span- 
ning the full range of obstetrics and 
gynecology. Competitive salary and 
benefit package. Send inquiries and 
curriculum vitaes to: 


Nancy Borgstrom 
Administration 
Aspen Medical Group 
1020 Bandana Boulevard West 
St. Paul, MN 55108 
(612) 641-7185 


Equal Opportunity Employer 


NORTHERN CALIFORNIA 


The Permanente Medical Group, a growing multispecialty 
group, is recruiting physicians in a variety of specialties for 
positions throughout our beautiful Northern California 
region: the San Francisco Bay Area, Sacramento and the 
Central Valley. 


Obstetrician/Gynecologist 


Seeking a BC/BE Obstetrician/Gynecologist to provide out- 
patient care in our Pleasanton medical office building and 
inpatient care at the Kaiser Hospital/Walnut Creek. Position 
involves supervision of NPs. Academic affiliation available. 
Enjoy easy access to the recreational and cultural activities 
of the San Francisco Bay area. We offer competitive salary 
and an excellent benefits package including full coverage 
malpractice insurance, medical, dental and group life 
insurance, vacation, educational leave and an excellent 
retirement program. 


For more information, send CV to: Patrick Golden, M.D., The 
Permanente Medical Group, Inc., 5600 Stoneridge Mall 
Road, Pleasanton, CA 94588. EOE 


ee e 
w 
KAISER PERMANENTE 


Good People. Good Medicine, 


® 
Searching for an 
e 9, & 
academic position? 
9 l 

Here’s an easy way. 
Academic Physician Services has established a national clearing- 
house for academic physicians. In addition to our bimonthly 
publication, we offer continuous updates of academic positions 
in your specialty. 
A comprehensive resource. 


Medical schools and teaching hospitals throughout the U.S. list 
their positions in Academic Physician. This bimonthly directory 
is sent free of charge to all academic physicians, post-doctorate 
fellows, and senior residents, and is filled ONLY with academic 
positions listed by subspecialty and rank. 

Equal Opportunity. 


We encourage qualified women and minority physicians to 
use our service. All medical schools and hospitals listing with 
Academic Physician are equal opportunity employers. 


Continuous updates. 


New positions arrive every day. To receive the most up- 
to-date listings in your specialty and to assure your posi- 
tion on our subscription list, call today: (916) 939-4242. 
It's the easy way. 


ACADEMIC 


907 Embarcadero, Suite 1 
El Dorado Hills, CA 95630 
FAX (916) 939-4249 
PHONE (916) 939-4242 


OB/GYN—BC/BE for large 
established northeastern 
fee-for-service multispe- 
cialty group to join active 3 
member Department of OB- 
GYN. Beautiful suburban 
NYC setting and academic 
affiliation with one of NY’s 


finest medical schools. Ex- 


cellent salary leading to 
partnership. Position for July 
1991 or sooner. Send CV to 
P.O. Box 731 Summit, NJ 
07902-0731. 


PHYSICIAN 
SERVICES) 
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Full Time Faculty 
Positions 


The Department of OB/GYN at Temple University 
Health Science Center is seeking Board Certified 
or Board Eligible Obstetrician/Gynecologists 

in the following areas: 


MATERNAL-FETAL MEDICINE 
GYNECOLOGIC ONCOLOGY 


REPRODUCTIVE ENDOCRINOLOGY 
GENERAL OBSTETRICS & GYNECOLOGY 


Clinical and academic activities are integrated 
in a department providing tertiary services. 


Newly opened Temple University Hospital _ 
houses a modern Labor and Delivery Suite and 
large Neonatal Intensive Care Unit. Candidates 
should have an-active interest in Research, 
Clinical Practice and Resident and Medical 
Student Education. Salary and academic rank 
commensurate with experience. Submit C.V. 
to: E. Albert Reece, M.D., Chairman, Dept. 

of OB/GYN, TEMPLE UNIVERSITY HEALTH . 
SCIENCE CENTER, Broad & Ontario Sts., 


UNIVERSITY 


Philadelphia, PA 19140. Equal Opportu- 
nity Emplover. 


Choose 


TEMPLE ———— 





© 
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UNIVERSITY OF DUNDEE 
Department of Obstetrics 
and Gynaecology 


PART-TIME CLINICAL 
SENIOR LECTURER 


The holder of this post will undertake some of the clinical respon- 
sibilities of Professor P W Howie while he is Dean of the Faculty 
of Medicine and Dentistry. Applicants should be experienced in 
Obstetrics and Gynaecology and must hold the MRCOG or equiva- 
lent qualification. The successful applicant will be awarded 50% of 
a Clinical lecturer's salary (£31,780 per annum) and will be free to 
undertake research in the remainder of his/her time. The post would 
be ideal for someone wishing to undertake sabbatical leave and 
able to provide the balance of his/her salary from alternative 
sources; the appointment would be ideally for a two-year period 
although applications for a one-year appointment would also be 
considered. Applicants must be eligible for full registration with the 
GMC in order to qualify for an assoziated Honorary Consultant 
Contract. ; 


The Department of Obstetrics and Gynaecology. is part of the Centre 
for Human Development Research at Ninewells Hospital and Medical 
school, Dundee, and has an active reszarch programme in perinatal 
medicine -unning a successful in-vitro fertilisation research unit. 
Further particulars from, and applications in writing with CV and 
the names and addresses of three refe-ees as soon as possible to: 
The Personne! Office, 

The University, 

Dundee, 

DDI 4HN 

Scotland. 


Please quote reference EST/47/90/AOG 





OB/GYN CHIEF 


The Department of Gynecology and 
Obstetrics at The Union Memorial 
Hospital is currently accepting appli- 
cations for the position of Chief of 
Gynecology and Obstetrics and direc- 
tor of a fully accredited residency train- 
ing program. Union Memorial is a 350 
bed teaching hospital in Baltimore, 
Maryland. Applicants must be board 
certified in OB/GYN with subspecialty 
boards preferred, have administrative, 
clinical, teaching; and research ex- 
perience. For confidential consider-. 
ation, please send CV to: 


Marcella Roenneburg, M.D. 
The Union Memorial Hospital 
201 E. University Parkway 
Baltimore, Maryland 21218 





Faculty Positions 
The University of Illinois College of 
Medicine at Peoria* 


MATERNAL-FETAL MEDICINE 


Four full-time faculty positions are available 
for physicians with board certification or eligi- 
bility by the American Board of Obstetricians 
and Gynecologists and special competence 
in maternal-fetal medicine. Candidates 
should be interested in clinical care, mecical 
student and resident education, and participa- 
tion in a regionalization program for maternal- 
fetal medicine. Competitive compensation 
and excellent benefit package. Applications 
will be considered until the positions are filled. 
send inquiry and curriculum vitae to: 


Thomas L. Gross, M.D. 

Associate Professor and Chairman 
Department of Obstetrics and Gynecology 
The University of Illinois 
College of Medicine at Peoria 
One Illini Drive, Box 1649 
Peoria, Illinois 61656 
*The University of Illinois is an Equal Opportunity/ 
Affirmative Action Employer 





CHAIRPERSON OF GYNECOLOGY AND 
OBSTETRICS 


UNIVERSITY OF KANSAS 
SCHOOL OF MEDICINE-KANSAS CITY 


Applications and nominations are being sought for the ‘po- 
sition of chairperson for a dynamic University Department 
of 12 full-time clinical faculty, 4 full-time research faculty 
and 12 residents. The department is located at the medical 
center and fully integrated into the 474 bed University Hos- 
pital function. The candidate must have demonstrated 
leadership and organizational skills, be an effective clinician 
and teacher and demonstrate expertise-in scholarly activity. 
M.D. with Board certification in Obstetrics and Gynecology 
is required. Applications and nominations, including a cur- 
riculum vitae should be sent to: 


Allen Erenberg, M.D. 
Chairman, Obstetrics and Gynecology 
search Committee 
Professor and Chairman, Department of Pediatrics 
University of Kansas Medical Center 
39th and Rainbow Blvd. 
Kansas City, Kansas 66103 


Candidates will be considered until the position is filled. The 
University of Kansas is an equal opportunity/affirmative ac- 
tion employer. 


FACULTY POSITIONS 
IMMEDIATELY AVAILABLE 
Maternal Fetal Medicine - Reproductive 
Endocrinology - Obstetrics/Gynecology - 
Urogynecology 


The Department of Obstetrics and Gynecology at 
the Unversity of South Dakota School of Medicine 
in Sioux Falls, South Dakota, a delightful city lo- 
cated directly on the Sioux River and serving a 
tri-state area and one of the best kept secrets in 
the Midwest, is building a full-time academic de- 
partment. Qualified individuals to contribute, 
develop and provide leadership in all aspects of 
the specialty are actively being sought. 


Candidates should have interests in clinical prac- 
tice activities and medical education. Clinical and/ 
or basic research opportunities are available and 
encouraged. An opportunity for a creative, moti- 
vated individual with a pioneer spirit. 


Financial remuneration and incentitves are com- 
petitive and commensurate with experience, cre- 
dentials and rank. BC or BE. Position open until 
filled. 


Please send Curriculum Vitae to: R. H. Wiebe, 
M.D., Professor and Chairman, Department of 
Obstetrics and Gynecology, University of South 
Dakota School of Medicine, 1100 South Euclid Av- 
enue, Sioux Falls, SD 57117-5039, (605) 333- 
7327. 


An Equal Opportunity/Affirmative Action Employer 


THE DEPARTMENT OF OBSTET- 
RICS & GYNECOLOGY at the Univer- 
sity of Missouri-Columbia School of 
Medicine is recruiting for two full-time, 
tenure-track specialist in Maternal- 
Fetal Medicine. Candidates should be 
Board Certified, or active candidates 
in Obstetrics and Gynecology with 
Board Certification, or active candi- 
dates for Board Certification in Mater- 
nal-Fetal Medicine. Rank and salary 
commensurate with qualifications and 
experience. Deadline for applications 
is June 30, 1991. Applicants should 
contact Dr. James W. Daly, M.D., 
Chairman, Department of Obstetrics 
and Gynecology, University of Mis- 
souri-Columbia, Columbia, Missouri 
65212 or phone (314) 882-6361. The 
University of Missouri is an Equal Op- 
portunity/Affirmative Action-Employer. 


) University of Texas 
Medical Branch 


Galveston, Texas 


The Department of Obstetrics and Gynecology 
is currently recruiting for: 


Chief of Gynecology 


¢ Board eligibility or certification in 
gynecology required. 

e Proven record of research and 
commitment to an academic career. 

¢ Academic rank and salary com- 
mensurate with experience and 
qualifications. 


Garland D. Anderson, M.D. 

Jennie Sealy Smith Professor & Chairman 
Department of Obstetrics & Gynecology 
The University of Texas Medical Branch 
Galveston, Texas 77550-2776 


UTMB is an equal opportunity M/F/V/H affirmative action employer. 
UTMB hires only individuals authorized to work in the United States. 
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UNIVERSITY OF UTAH | ; 3 =a l 
SCHOOL OF MEDICINE E s i : 
MATERNAL-FETAL MEDICINE J | California Opportunity 
The Department of Obstetrics and Gynecol-', | ~ S oe 8s 
ogy is seeking two additional faculty members | 
its Division of Maternal-Fetal Medicine. Rank: if Pt Re Me. n} k 
and tenure or clinical track is dependent, upon” `’ Thriving Orange County OB/Gyn: 
qualifications. The Division (as.is also true'of ' ` - Practice seeks first-class BC/BE, 


the residency program) is an integrated. one. | 
between. the University of Utah : Medical OB/Gyn, Ro for P 


Center and the LDS Hospital, a large private: | AGS 4 opponuniy 

hospital three miles from the University. Cur- © Į 

rently the Division: consists-of seven faculty -f| "O Private pay and PPO patient base. 
members and a.fellow. The Division-offers a ` en | 

three-year fellowship, and has active pro- O -Financial assistance available. Sas 


grams.in genetics high risk obstetrics, (5,600 ` 
. births per year), prenatal diagnosis, immunol- 
ogy, and ultrasound. Applicants must have a . ie Rey 
sincere interest’ in clinical or laboratory, re- {| | Contact: 
search, as well as in teaching and patient oe |e 7 i 
care, and should be board certified or active . | M. Christian l p E 
_ candidatés for certification in Maternal-Fetal = | | -f| Director, Professional Relations . 
Medicine. Applications must be postmarked ' tooi Western Medical Center/Santa Ana 
“by November 30, 1990. Applications received {| 1001 N. Tustin Avenue 
-after that deadline’ may be considered if no - . Santa Ana: ‘CA 92705 ` 
< qualified applications have been received by e | (714) 953- 3580 o 
. |. - thattime. The University of Utah is an Equal _ 
a isch Employer. 2 
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Join The 
-Partnership of Choice 


‘Southern California Permanente Medical Group ` (SCPMG) | is recognized as the nation’s 
largest and most respected physician-managed, multi-specialty medical group. = 






California ~ 
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| | Our continued growth has created new opportunities for: 
OBSTETRICIANS & GYNECOLOGISTS CHIEF OF SERVICE: 


You'll have a choice of professional environments ranging An excellent opportunity for an experienced OB/GYN 
from a 250-bed community hospital to a major teaching >- practitioner to lead an established and growing practice at 
facility in a number of prime Southern California locations. . our Panorama City Medical Center. You'll be responsible for 
Our active practices require proficiency in modern. -- supervising 20 OB/GYN Physicians, a Perinatologist, 8 
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ultrasound and surgical aaia 7 ae Certified Nurse Midwives and 4 Nurse Practitioners. This 
| . team of -professionals will, handle apprcximately 3000 
deliveries per year. i 


SCPMG provides the freedom, technològy and resources to focus on quality patient care and the collaborative support of | 
knowledgeable colleagues. We also provide a highly competitive salary, paid malpractice and predictable hours. 


WG. KAISER PERMANENTE CallorsendyourCVto:  . 
. Southern California Permanente Iwin P. Goldstein, M. D. er Medical Director 


| l adi SCPMG, Dept. 006 ` 
| it Medical Group . Walnut Center, Pasadena, CA 91188- 8013 


Partners Practicing Good Medicine >> Or Call: 1-800-541-7946 
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NA Mosby ` 
| ‘Year Book 
MEDICAL JOURNALS 


Dedicated to Publishing Excellence 


' SAMPLE COPIES OF JOURNALS ARE AVAILABLE 


* AMERICAN HEART JOURNAL 
Monthly. Institutions: $125.0€; Individuals: $65.00. 


* AMERICAN JOURNAL of INFECTION CONTROL 
Bimonthly, Institutions: $82.03; Individuals: $23.75, 


* AMERICAN JOURNAL of OBSTETRICS 


and GYNECOLOGY 
Monthly, Institutions: $130.00; Individuals: $71.50. 


* CLINICAL PHARMACOLOGY & THERAPEUTICS 
Monthly, Institutions: $141.00; Individuals: $77.00. 


* HEART & LUNG: THE JOURNAL of 


CRITICAL CARE 
Bimonthly. Institutions: $85.00; Individuals: $24.50. 


* HEPATOLOGY 
Monthly. Institutions: $205.00; Individuals: $159.00. 


* THE JOURNAL of ALLERGY and 


CLINICAL IMMUNOLOGY 
Monthly. Institutions: $116.50; Individuals: $53.50. 


* JOURNAL of the AMERICAN ACADEMY 


of DERMATOLOGY 
Monthly, Institutions: $130.00; Individuals: $69.00. 


JOURNAL of the AMERICAN ACADEMY of 


PHYSICIAN ASSISTANTS 
Eight times a year. Institutions: $50.00; Individuals: $32.00, 


* JOURNAL of the AMERICAN SOCIETY of 


ECHOCARDIOGRAPHY 
Bimonthly. Institutions: $56.00; Individuals: $40.00. 


* JOURNAL of BURN CARE & REHABILITATION 
Bimonthly. Institutions: $46.25; Individuals: $30.00. 


* THE JOURNAL of HAND SURGERY 


(American Volume) 
Bimonthly. Institutions: $108.00; Individuals: $46.50. 


* THE JOURNAL of HEART TRANSPLANTATION 
Bimonthly. Institutions: $72.50; Individuals: $46.00. 


* THE JOURNAL of LABORATORY and 


CLINICAL MEDICINE 
Monthly. Institutions: $138.00; Individuals: $73.50. 


* THE JOURNAL of PEDIATRICS 
Monthly. Institutions: $120.50; Individuals: $59.00. 


* THE JOURNAL of THORACIC and 


CARDIOVASCULAR SURGERY 
Monthly. Institutions: $141.00; Individuals: $81.50. 


* JOURNAL of VASCULAR SURGERY 
Monthly. Institutions: $124.00; Individuals: $67.00. 


* OTOLARYNGOLOGY—HEAD and NECK SURGERY 
Monthly. Institutions: $143.00; Individuals: $77.00. 


* SURGERY 
Monthly. Institutions: $123.00; Individuals: $60.00. 


* Included in Index Medicus J9850FZC 


Subscription rates quoted are for USA only. International rates (surface 
and airmail delivery) available upon request. All subscriptions are for 
one-year terms, Subscriptions may begin at any time. To order your 
subscription and for more information, contact: 


MOSBY-YEAR BOOK, INC. Call: 

Journal Circulation Department (314) 872-8370, ext. 7351 
11830 Westline Industrial Drive In the U.S., call toll-free: 
St. Louis, Missouri 63146 U.S.A. 1-800-325-4177, ext. 7351 


OBSTETRICIAN/ 
GYNECOLOGIST 


Board certified or board eligible obstetri- 
cian/gynecologist to join two member de- 
partment in multispecialty clinic. Office ul- 
trasound, colposcopy, and cryosurgery 
available. Adjacent to 94 bed community 
hospital with special care nursery. 


Worthington, MN is a community of 
11,000 located in. the highly productive 
corn belt. Recreational activities include 
good hunting, fishing, and two 18 hole 
golf courses. Excellent schools, pollution 
free environment, with low crime rate 
make this an ideal community for family 
living. 

Excellent compensation package avall- 
able. Respond to Mr. John Sieve, Admin- 
istrator, Worthington Medical Center, 508 
10th Street, Worthington, MN 56187 or 
call 507-372-2921. 





PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder’s board 
covered in a rich simulated leather, each is designed to 
hold an entire year's issues. The Joumal name Is 
stamped In gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desi or any location in your home or office. 


Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A). U.S. funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Cub, call toll-free: 
1-800-972-5858. 






























Piease send me : library cases for 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 
at $7.95 each: 3 for $21.95; 6 for $39.95, and $1 per unit 
postage and handling ($2.50 per unit outside the U.S.A}. 


Name 


Address 

l {no P.O. boxes, pieuse) Jesse Jones industries 
City/State / Zip nin 499 East Erie Avenue 
Philadelphia, PA 19134 
Department Code: Mosby 


(pizase print legibly or type) 


PA residents add 6% sales tax 
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NA Mosby "JOURNAL of BURN CARE & REHABILITATION 
Year Book Bimonthly. Institutions: $46.25; Individuals: $30.00. 


* THE OURNAL f HAND. SURGERY 
MEDICAL J OURN ALS » eu sed 
: i ” Bimonthly. Institutions; $108.00; Individuals: $46.50. 


* THE JOURNAL of HEART TRANSPLANTATION ` 
~ Bimonthly. Institutions: $72.50; Individuals: $46.00. TÄ 


Dedicated 1 to Publishing Excellence 


s AMERICAN I HEART JOURNAL 4% * THE JOURNAL of LABORATORY and 
Monthly. Institutions: $125.00; Individuals: $65.00. CLINICAL MEDICINE 
* AMERICAN JOURNAL of INFECTION CONTROL l o g Monthly. Institutions: $138.00; Individuals: $73.50. 
` Bimonthly. Institutions: $82. 00; Individuals: $23. 75. '* THE JOURNAL of PEDIATRICS 
* AMERICAN JOURNAL of OBSTETRICS ; k Monthly. Institutions: $120.50; Individuals: $59.00. 
and GYNECOLOGY : * THE JOURNAL of THORACIC and - 
Monthly. Institutions: $130:00; Individuals: $71. 50. CARDIOVASCULAR SURGERY.. 
* CLINICAL PHARMACOLOGY & THERAPEUTICS Monthly. Institutions: $141.00; Individuals: $81.50. 7 
l ‘Monthly. Institutions:.$141.00; Individuals: $77.00. l + JOURN AL of VASCULAR SURGERY 
* HEART & LUNG: THE JOURNAL of _ Monthly. Institutions: $124.00; Individuals: $67.00. 
CRITICAL CARE ` ` : ` * OTOLARYNGOLOGY —HEAD and NECK SURGERY 
.  Bimonthly. Institutions: $85.00; Individuals: $24.50. | - Monthly. Institutions: $143.00; Individuals: $77.00. 
* HEPATOLOGY ` : * SURGERY , 
Monthly. institutions; $205.00; Individuals: 5150.00. : l Monthly. Institutions:-$123.00; Individuals: $60. 00. 
* THE JOURNAL of ALLERGY and ` | | . 
ae AL IMMUNOLOGY a l * Included in Index Medicus J9850FZB 


Monthly. Institutions: $116.50; Individuals: $53.50. 3 
Subscription rates quoted are for USA only. International rates (surface 


* JOURNAL of the AMERICAN ACADEMY and airmail delivery) available upon request. All subscriptions are for 
of DERMATOLOGY = A one-year terms. Subscriptions may begin at any time. To order your 
Monthly. Institutions: $130.00; Individuals: $69.00. -. subscription and for more information, contact: 

. JOURNAL of the AMERICAN ACADEMY of MOSBY-YEAR BOOK, INC Call: 
aden AE E S ten Individuals: $32.00 Journal Circulation Department ` (314) 872-8370, ext. 7351 
i i : age i , 11830 Westline Industrial Drive - In the U.S., call toll-free: 

* JOURNAL of the AMERICAN SOCIETY of __ St. Louis, Missouri 63146 U.S.A. ` 1-800-325-4177, ext. 7351 
ECHOCARDIOGRAPHY . , 

Bimonthly. Institutions: $56.00; Individuals: $40.00. > ` SAMPLE COPIES OF JOURNALS ARE AVAILABLE 


STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION (Required by 39 U. S. C. 3685): 1. Title of Publication: AMERICAN 
JOURNAL OF OBSTETRICS AND GYNECOLOGY. 1A. Publication number: 019920. 2. Date of filing: September 28, 1990. 3. Frequency 
of issue: Monthly. 3A. No. of issues published annually: 12: 3B. Annual subscription price: $86.00. 4. Location of known office of publication: 
11830 Westline Industrial Drive, St. Louis, Missouri 63146-3318. 5. Location of the headquarters or general business offices of the publishers: 
Same as 4. 6. Names and complete addresses of publisher, editor, and managing editor: Publisher— Mosby- Year Book, Inc., 11830 Westline 
Industrial Drive, St. Louis, Missouri 63146-3318; Editor—John I. Brewer, M.D., 710 N. Fairbenks Ct., Suite 8300, Chicago, Illinois 60611; 
Managing editor—None. 7. Owner: Mosby—Year Book, Inc., a corporation, owner of publication, 11830 Westline Industrial Drive, St. Louis, 
Missouri 63146-3318. All of the stock of Mosby—Year Book, Inc. is owned by Times Mirror Company, a corporation, Times Mirror Square, _ 
Los Angeles, California 90053. 8. Known bondholders, mortgagees, and other security holdérs owning or holding 1' percent or more of total 
amount of bonds, mortgages or other securities: None. 9. Not applicable to Mosby—Year Book, Inc. : 


Actual no. of 





Average no. copies copies of single 
each issue during issue published 
E , preceding 12 nearest to filing 
10. Extent and nature of circulation l a months s. date 
A. Total no. copies printed (ret press run) ; j 220127 21,500 
B. Paid circulation i l , . 
-1, Sales through dealers and carriers, street vendors and counter sales ` None . None 
` 2. Mail subscriptions . , 20,455 19,868 
C. Total paid circulation . aP 20,455 19,868 
D. Free distribution by mail, carrier or other means, samples, 785 580 
complimentary, and other free copies ee ' ani , 
E. Total distribution (Sum of C and D) i oo 21,24) ° 20,448 
F. Copies not distributed `, f i l 
1. Office use, left over, unaccounted, spoiled after printing. f IT., 1,052 
2. Retums from news agents None : None 
G. Total (Sum of E, Fl and 2—~should equal net press run shown in A) 22,012 21,500. 





11. I certify that the statements made by me above are correct and complete. 

Carol Trumbold, Journal Publisher 
12. In accordance with the provisions of this statute, I hereby request permission to na the publication named in Item 1 at the phased 
postage rates pee authorized by'39 U.S.C. 3626. 

Carol Trumbold, Journal Publisher 
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The Osler Institute 


`- Obstetrics and Gynecology Review Course 


November 26-December 1, 1990 — Chicago 
February 2-7, 1991 — Los Angeles 


Now, your course with case-list reviews and mock oral exams 
_ Sponsored by the Osler Institute and Penn State 


OBJECTIVES 


e Increase basic knowledge and clinical skills in ob-gyn. 
e Assist residents and fellows to organize study 

e Prepare exam candidates to pass their tests. 

è Provide practicing gynecologists with an update - 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 
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METHODS 


TOPICS: FACULTY 
Clinical Science Oncology Peter Cherouny, M.D. 
Surgical Anatomy Chemotherapy Penn State University 
l Phillip Galle, M.D. 
-s hive and Vagina Southern Illinois University, 
; Ey es Edward Hill, M.D. 
Genetics Uterus Univ. of Calif, San Francisco 
Teratology Ovary Karen Ireland, M.D. , 
Anesthesiology Trophoblast Oregon Health Science Univ. 
Antibiotics Breast Allan Jacobs, M.D. 
| St. Louis University 
Pathology Benign Gynecology Conley Lacey, M.D. 
Vulva Infectious Diseases Scripps Clinic, La Jolla, Calif. 
Vagina Urinary Retention David Plourd, M.D. 
Sm ; pz Santa Clara Valley Med. Ctr. 
Cervix Urinary Incontinence CPE EA 
À : s . cnaei Fo1car, me 
Endometrium Pediatric Gynecology Univ, of Calif, San Francisco 
Myometrium sexual Assault Gerald Quirk, M.D. 
Ovary ` i Ectopic Pregnancy University of Arkansas 
Placenta Endometriosis Robert Scully, M.D. 
Harvard University 
Reproductive Maternal and Ramona Slupik, M.D. 
Endocrinology Fetal Medicine Northwestern University 
Contraception Pharmacology Marion Verp, M.D. 
Infertility Diabetes University of Chicago 
Amenorrhea Hypertension Richard Voet, M.D. 
: iv. of h 
Abnormal Bleeding - Hematology CEEE cabins a 
Pere ae Testi Wendell Wall, M.D. 
ieee tepartum lesting University of North Dakota 
Prolactin Premature Labor Stan Williams, M.D. 
Menopause Birth Trauma University of Florida 


Limited Enrollment: Obstetrics and Gynecology Review Registration 


Name 
Address 
City/State/Zip 
Phone 


Mail today to: 


1094 Dawn Lane, Dept. 11 
P.O. Box 2218 
Terre Haute, IN 47802 


For: [} Nov. 26-Dec. 1, 1990 — Chicago 


[C] February 2-7, 1991 — Los Angeles 


C] Check enclosed for $ 


[1 Please send more information 


' @ HOME STUDY MATERIALS with questions and answers 
¢ SEMINAR with projection slides and syllabus 
e LABORATORY with microscopic slides 
e PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: This course 
for residents and practicing gynecologists 
is a comprehensive review and update of- 
fered in the spring and fall. The fall course 
is more clinically oriented. Home study 
questions are sent upon registration. 
Your best value is to repeat the course at 
half price immediately before exams. The . 
November course will be at the Hilton Inn, 
3003 Corporate West Drive, Lisle, Ilinois. 
Rates will be $70 single — $90 double. 


“and those little ectras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group discounts. 


"uthe most education for the money."* 


CATEGORY 1 C.M.E. AND FEES: 

ePenn State designates this continuing 
medical education activity for 60 credit . 
hours in Category 1 of the Physician’s 
Recognition Award of the American 
Medical Association. 

e This program has been approved for 60 
cognates, Formal Learning, by The 
American College of Obstetricians and 
Gynecologists. 

e Practicing Gynecologists: $720 

è Residents and Fellows: _ $480 

e Repeating course within 3 years: $360 

e Case-list reviews and mock oral exams 
(half hour sessions) $ 70 

e Optional extra day Dec. 2 (more ques- 
tions, answers and pathology lab): $150 

e Add 10% for within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

è A deposit of $50 will reserve your position. 


“home study material was extremely helpful."* 


CANCELLATIONS:Refunds subject to $50 
fee, will be made until the seminar begins. 


"remarkably complete and pleasant."*. 


INFORMATION: 
Joseph H. Selliken, Jr., MD. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by participants . 





ORTHO-NOVUMT 7 1. 


indrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 4 ghee and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28 day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
peorien with the product and therefore should not be used as the basis for prescribing the product. 

is summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 
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The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
Ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
contro! studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
Guring and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an inercased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the reiative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. Ina large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 

rogestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
ipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of ae e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. Ina 
Study in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
Oral contraceptive formulations containing 50. micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth contro! is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of ge dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY Extensive epidemiological 
Studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as Cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations fg: lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However. in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting bloo glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be Carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women. elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea. pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preex:stent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed Closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X: decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased. reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other onan proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids: however. free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported. 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral re 4 but to use other forms of contraception until she 
has ere weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, bag alta secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to Carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness 
Dizziness. Hirsutism. Loss of scalp hair Erythema multiforme Erythema nodosum. Hemorrhagic eruption 
pe MA Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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. Introductory remarks 3 | 1719 
Robert B. Jaffe, MD and Samuel S. C. Yen, MD, DSc 
San Francisco and La Jolla, California 
The GnRH pulse generator 1724 
Ernst Knobil 
Houston, Texas 
The GnRH pulse generator is located in the arcuate nucleus and its release of GnRH is 
caused by electrical activity in this area. 
Neuromodulatory regulation of gonadotropin-releasing hormone pulsatile — 1727 
discharge in women 
Robert B, Jaffe, MD, Shayne Plosker, MD, Lorna Marshall, MD, and Mary C. Martin, MD 
San Francisco, California 
A complex, interdependent, multifaceted interaction of steroids, opioids, and.catecholamires 
exists in the regulation of gonadotropin-releasing hormone in women. 
Hypothalamic amenorrhea: Clinical perspectives, pathophysiology, and 1732 


management 
James H. Liu, MD 
Cincinnati, Ohio 


Development of functional hypothalamic amenorrhea reflects a response to environmental 
stressors and life-style variables, and the underlying defect is a decrease in hypothalamic 
gonadotropin-releasing hormone secretion. 
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Polycystic ovary syndrome: Abnormalities and management with pulsatile 1737 
gonadotropin-releasing hormone and gonadotropin-releasing hormone 

analogs 

Marco Filicori, MD, Carlo Flamigni, MD, Elisabetta Campaniello, MD, Marta Cristina Meriggiola, MD, 

Laura Michelacci, MD, Alessandro Valdiserri, MD, and Paola Ferrari, BSc ` 


Bologna, Italy 


Pretreatment with gonadotropin-releasing hormone analogs immediately followed by pulsatile 
gonadotropin-releasing hormone achieves high ovulatory and pregnancy rates in polycystic 
ovarian disease. 


The luteinizing hormone-releasing hormone pulse generator in men: 1743 
Abnormalities and clinical management - 


Alvin M. Matsumoto, MD, Kenneth M. Gross, MD, Carol B. Sheckter, MD, and 
William J. Bremner, MD, PhD . 
Seattle, Washington 


Pulsatile luteinizing hormone-releasing hormone treatment is effective in restoring testicular 
function in men with hypogonadotropic eunuchoidism and decreasing serum 
follicle-stimulating hormone levels in men with idiopathic oligoazoospermia. 


Gonadotropin-releasing hormone deficiency in men: Diagnosis and 1752 
treatment with exogenous gonadotropin-releasing hormone 


William F. Crowley, MD, and Randall W. Whitcomb, MD 
Boston, Massachusetts 


Treatment of idiopathic hypogonadotropic hypogonadism by administration of exogenous 
gonadotropin-releasing hormone stimulates puberty and develops normal virilization. 
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Efficacy and safety of intravenous pulsatile gonadotropin-releasing 1759 
hormone: Lutrepulse for Injection 


Nanette Santoro, MD 
Newark, New Jersey 


Pulsatile gonadotropin-releasing hormone effectively restored physiologic ovarian function in a 
large group of women with hypothalamic amenorrhea, entailing very few side effects. 


Practical aspects of pulsatile gonadotropin-releasing hormone | 1765 
administration | 
Eldon D. Schriock, MD 


Memphis, Tennessee 


Pulsatile gonadotropin-releasing hormone therapy is a safe, effective, convenient, and 
economic alternative to human menopausal gonadotropin for ovulation induction in women 


resistant to clomiphene. 
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Introductory remarks 


Robert B. Jaffe, MD, and Samuel S. C. Yen, MD, DSc 
San Francisco and La Jolla, California 


In recent years, there has been a remarkable expan- 
sion of our understanding of endocrinologic events and 
in the translation of this basic understanding into the 
clinical arena. A seminal observation in reproductive 
neuroendocrinology was made in 1970 by Knobil et al.,’ 
who reported on the oscillatory fluctuations in lutein- 
izing hormone (LH) concentration in the plasma of 
ovariectomized monkeys. Now, 20 years later, this ob- 
servation has led to the introduction of pulsatile 
gonadotropin-releasing hormone (GnRH) and to the 
development of agonistic and antagonistic analogs of 
GnRH to treat a variety of endocrinologic disorders. 

During the intervening 20 years, many of the com- 
plex mechanisms involved in the neuroendocrinologic 
control of gonadotropin secretion were gradually and 
elegantly revealed. The physiologic importance of the 
pulsatile nature of gonadotropin secretion was dem- 
onstrated in 1978, when Belchetz et al.? reported that 
only pulsatile and not continuous administration of ex- 
ogenous GnRH could reestablish gonadotropin secre- 
tion in monkeys deprived of endogenous GnRH by 
radiofrequency lesioning the arcuate nucleus of the hy- 
pothalamus, the site of most GnRH production. More- 
over, the frequency of pulsatile GnRH administration 
was critical. In monkeys the ideal frequency was 60 
minutes’; however, recent studies in humans have 
shown that frequencies of 60 to 120 minutes are ef- 
fective in restoring normal gonadotropin secretory 
patterns. 

Most of the early investigations into the neuroen- 
docrinology of gonadotropin secretion and regulation 
were carried out in experimental animal systems. Na- 
ture, however, has provided its own set of experimental 
models. The disorders of gonadotropin secretion for 
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which pulsatile GnRH may provide an ideal treatment, 
such as hypothalamic amenorrhea, also provide inves- 
tigators with ideal systems in which to study the reg- 
ulatory mechanisms involved in GnRH function. 

Hypothalamic amenorrhea can result from a number 
of physiologic and environmental conditions. However, 
the common features in persons with this disorder are 
intact pituitary-ovarian-endometrial function and a de- 
ficiency in the pulsatile secretion of GnRH. The neu- 
roendocrinologic basis for this deficiency is not defi- 
nitely known; these women provide a useful model for 
the study of the regulatory mechanisms involved in 
normal gonadotropic function. From a clinical stand- 
point, these women are anovulatory, and many of them 
desire pregnancy. Because the pitultary-ovarian axis is 
operative in these women, GnRH, when presented in 
a physiologic, pulsatile manner, can be quite effective 
in inducing ovulation and ultimately pregnancy. 

Although the cause of polycystic ovary syndrome is 
quite distinct from that of hypothalamic amenorrhea, 
the clinical concerns may be similar. Anovulation is 
common in these women, and ovulation induction is 
often necessary to treat infertility. Since existing meth- 
ods of ovulation induction are frequently ineffective, 
more effective means of induction would be desirable. 
Pulsatile GnRH alone has not been very effective in 
inducing ovulation in this disorder. However, the use 
of a GnRH analog to create a hypogonadotropic state 
before the administration of pulsatile GnRH shows 
great promise as a treatment for anovulation in women 
with polycystic ovary syndrome. 

Disorders of GnRH pulse generation have also been 
identified in men. In idiopathic hypogonadotropic hy- 
pogonadism, LH secretion is usually apulsatile, an ob- 
servation that suggests the absence or severe reduction 
of GnRH pulse generation. Treatment of idiopathic 
hypogonadotropic hypogonadism with testosterone 
therapy is usually sufficient to promote pubertal de- 
velopment and normal sexual function. In patients in 
whom induction of sperm production and fertility are 
desired, long-term therapy with pulsatile GnRH has 
proved quite successful in experimental studies. With 
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the availability of GnRH for clinical use, replacement 
therapy for men with idiopathic hypogonadotropic hy- 
pogonadism should now become a real option. 

This symposium integrates the basic research into the 
physiologic principles of GnRH pulse generation and 
the clinical applications to which this basic research has 
so logically led. The clinical disorders that will be dis- 
cussed result from a defect in the pulsatile secretion of 
GnRH by the hypothalamus. The use of pulsatile 
GnRH in the treatment of these disorders is inherently 
attractive because it is a physiologic means of correcting 
a physiologic defect. 
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The notion of an oscillator or signal generator in the 
central nervous system that controls the rhythmic re- 
lease of GnRH and, thereby, the pulsatile secretion of 
the gonadotropic hormones, originated in the finding 
of strikingly abrupt and rhythmic fluctuations in the 
concentration of LH in the plasma of ovariectomized 
monkeys. These oscillations had a period of about one 
hour when blood samples were obtained at 10 to 20 
minute intervals.’ 

These surprising observations were presaged by 
reports of seemingly random, major fluctuations in 
plasma gonadotropin concentrations in gonadecto- 
mized monkeys? and rats” * as well as in women.’ In 
these earlier studies the sampling intervals employed 
were never less than one hour and unable, therefore, 
to reveal the orderly, rhythmic events that occur with 
frequencies of one event per hour, or more. 

In the original study describing pulsatile LH secre- 
tion in ovariectomized monkeys the possibility was con- 
sidered that the circhoral discharges of LH may be 
initiated by autoregulatory mechanisms involving long 
or short feedback loops, but the more likely view that 
these discharges were due to intermittent signals from 
the central nervous system unrelated to circulating LH 
levels that resulted in putative increments in GnRH 
release was favored: Nevertheless, the possible role of 
autoregulatory mechanisms in the control of pulsatile 
LH secretion was repeatedly considered,’ but finally 
laid to rest in the relatively recent past.’ Conversely, 
the view that each pulse of LH released from the pi- 
tuitary gland is the consequence of a bolus of GnRH 
secreted into the pituitary portal system has been un- 
equivocally upheld by the demonstration of synchro- 
nous increments of GnRH assessed in the pituitary por- 
tal circulation and of LH measured in samples of pe- 
ripheral blood obtained simultaneously.*° In any case, 
the phenomenon of pulsatile gonadotropic hormone 
secretion was rapidly extended to most vertebrate spe- 
cies studied in this regard, including our own, and 
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forms the basis of an increasingly voluminous, rapidly 
expanding literature. 

In the monkey” as in the rat" total surgical deaffer- 
entation of the mediobasal hypothalamus does not in- 
terfere with pulsatile gonadotropic hormone secretion 
suggesting that what has become known as the GnRH 
pulse generator lies within this structure. Somewhat 
more precise localization was achieved in the rhesus 
monkey by the demonstration that bilateral destruction 
of the area comprising the arcuate nuclei promptly 
abolished gonadotropin secretion without notable ef- 
fects on the production of the other adeno- and neuro- 
hypophysial hormones.” That the GnRH pulse gen- 
erator isan intrinsic property of the medial basal hy- 
pothalamus has been affirmed by the demonstration 
of pulsatile GnRH release at appropriate frequencies 
from superfused hypothalamic fragments in vitro.” 

The physiologic significance of the pulsatile mode of 
gonadotropin secretion became apparent with the find- 
ing that gonadotropin secretion could be reestablished 
in rhesus monkeys deprived of endogenous GnRH se- 
cretion by destruction of the arcuate nucluei only by 
the intermittent administration of exogenous GnRH at 
the physiologic frequency of one pulse per hour, con- 
tinuous infusion of the decapeptide provoking but an 
evanescent response followed by desensitization of the 
gonadotrophs.* In fact, the administration of GnRH 
at an unvarying frequency of one pulse per hour to 
such animals supported normal, ovulatory menstrual 
cycles affirming the conclusion" that, in this species, 
hypothalamic GnRH secretion is a permissive compo- 
nent of ‘the ovarian cycle rather than its controller."® 
More to the point, the pulsatile administration of 
GnRH to prepubertal female monkeys promptly estab- 
lished normal ovarian function including 28-day ovu- 
latory menstrual cycles.” These findings demonstrated 
that nothing below the hypothalamus was limiting in 
the advent of puberty and suggested that the pubertal 
process may be initiated by an activation of the hypo- 
thalamic GnRH pulse generator. This fundamental is- 
sue is discussed at length by other contributors to this 
symposium and will not be reconsidered here. 

The central importance of the GnRH pulse gener- 
ator as a limiting component of the control system that 
governs reproductive processes has been widely doc- 
umented in a number of species including man (see 18, 
19, 20, 21 for review). Much of what is known about 
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Fig. 1. Characteristic volleys of electrical activity (MUA) recorded from the medial basal hypothalamus 
in relation to LH pulses in the peripheral circulation in an ovariectomized monkey. 


the operation of this neuronal system is based on the 
monitoring of LH pulses in the peripheral circulation. 
While such pulses may provide an unambiguous re- 
flection of the pulsatile discharges of GnRH into the 
pituitary portal circulation in some circumstances, no- 
tably when negative feedback loops are open and ex- 
perimental influences directly on pituitary function 
have been eliminated, this approach has clear limita- 
tions. In the presence of the gonads, the magnitude of 
the LH pulses is much reduced and requires rigorous 
statistical techniques for their identification” and even 
these do not always eliminate uncertainty. More im- 
portantly, the operation of the pulse generator cannot 
be monitored by. this approach in the complete absence 
of LH pulses attributable to blockade of LH release at 
the pituitary level. ) 

While, at the moment, there are no alternatives to 
this approach in human subjects, more direct assess- 
ments of GnRH pulse generator activity have been at- 
tempted in experimental animal preparations. In ad- 
dition to the measurement of GnRH in pituitary portal 
blood and in the superfusion medium from isolated 
hypothalamic preparations zn vitro already mentioned, 
these have included the measurement of GnRH in 
hypothalamic extracellular fluid using the “push-pull” 
technique™ "33 or in cerebrospinal fluid sampled from 
the third ventricle.” | 

Over a decade ago our own laboratory initiated an 
alternative, direct approach to the GnRH pulse gen- 
erator based on the supposition that the discharge of 
GnRH from the terminals of GnRH cells must be a 
consequence of action potentials as demonstrated in a 


variety of other neurosecretory systems. We further 
reasoned that the intermittent release of GnRH in phys- 
iologically effective quantities must reflect the simul- 
taneous discharge of a number of GnRH cells and that 
the antecedent, synchronous electrical events should 
be measurable using multiunit recording techniques as 
demonstrated for the magnocellular component of the 
hypothalamus in the rhesus monkey and other species. 
We thus applied the techniques devised by Hayward 
and his associates?” for measuring the multiunit elec- 
trical activity (MUA) generated by vasopressin cells re- 
sponding to appropriate osmotic stimuli to the search 
for the GnRH pulse generator of the rhesus monkey. 
Our strategy was based on the fact that we knew where 
to place the recording electrodes (in the region of the 
arcuate nucleus) and on the availability of unambiguous 
points of reference provided by the circhoral LH pulses 
seen in ovariectomized animals. While early results” 
were encouraging and prompted us to continue the 
search, successful outcomes occurring with acceptable 
frequency were not obtained until we switched from 
single, acutely placed electrodes to permanently im- 
planted bilateral arrays of multiple electrodes that es- 
sentially blanketed the entire medial basal hypothala- 
mus.” Dramatic increments in MUA coincident with 
the initiation of LH pulses, as measured in the periph- 
ery, could then be demonstrated with reasonable re- 
producibility (Figure 1). Because barbiturate anesthesia 
does not abolish the pulsatile secretion of LH in the 
rhesus monkey,” such results were initially obtained in 
animals anesthetized with pentobarbital to reduce elec- 
trical noise associated with muscular movement and 
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to minimize unrelated central electrical activity. It was 
found subsequently that the MUA discharges associated 
with LH pulses (“volleys” of electrical activity, as we 
have come to call them) were demonstrable with equal 
clarity in awake ovariectomized monkeys restrained in 
primate chairs.” 

These MUA volleys were so striking that we initially 
suspected them to be artifactual despite their invariable 
coincidence with LH pulses, but only because we had 
expected, when we began the attempt, that the likeli- 
hood of success was vanishingly small and that, if we 
were to see anything at all, it would be subtle and dif- 
ficult to discern without the assistance of statistical ma- 
nipulation designed to distinguish pulse generator sig- 
nals from ambient neuronal electrical activity. We were 
eventually reassured that we were indeed monitoring 
the activity of the GnRH pulse generator by the out- 
come of a series of pharmacological interventions pre- 
viously shown to modify the frequency of LH pulses in 
the ovariectomized rhesus monkey (see below). In all 
of them, every alteration in LH pulse frequency was 
mirrored in simultaneous changes in MUA volleys. To 
date, in literally thousands of observations, every MUA 
volley observed has been followed by an LH pulse. The 
converse, of course, does not obtain. In animals that 
have regular LH pulses but no concomitant changes 
in electrical activity, the electrodes simply have missed 
their mark and electrode reimplantation usually yields 
a useful preparation. 

In general, the hypothalamic structures from which 
the successful recordings have been made grossly co- 
incide with the GnRH neuronal system of the rhesus 
monkey previously identified by immunocytochemical 
techniques.*' Whether the recordings are made from 
GnRH cells or fibers or from cells or fibers that do not 
contain GnRH could not be ascertained because of the 
relatively large diameter (50 pm) of the recording elec- 
trodes relative to these structures.” 

The pharmacological studies already alluded to, be- 
yond validating the specificity of our electrophysiolog- 
ical observations, have also provided some insight rel- 
evant to the operation of the GnRH pulse generator 
but not sufficiently so to permit the construction of 
compelling models. Barbiturates slow the frequency of 
the system in dose-dependent fashion”? as does pro- 
longed treatment with ketamine. Alpha-adrenergic and 
dopaminergic blockade also reduces the frequency of 
MUA volleys and of the consequent LH pulses.” Sim- 
ilarily, morphine dramatically interrupts the firing of 
the pulse generator, an action blocked by naloxone, 
while naloxone alone, at the doses given was with- 
out effect in these ovariectomized animals, suggest- 
ing minimal opiate tone in the absence of the gonads. 

Because N-methyl D-aspartic acid (NMDA) is a potent 
stimulator of the LH release in the rhesus monkey** 38 
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the role of NMDA receptors in the operation of the 
GnRH pulse generator was investigated. Our prelimi- 
nary findings to date indicate that NMDA administra- 
tion to ovariectomized monkeys indeed elicits MUA 
volleys followed by LH pulses. NMDA receptor block- 
ade with AP-5, administered intracerebrally, appears 
to have a range of dose-independent effects on pulse 
generator activity, from prolonged arrest to minor de- 
lays of the MUA volleys that immediately follow the 
injection of the drug.” The most dramatic effects of 
the blocker were associated with profound behavioral 
disturbances and could, therefore, have been due to 
non-specific actions of the drug. The non-competitive 
inhibitor MK 801, while inducing anesthesia was, in 
a single animal, without effect on pulse generator ac- 
tivity.” 

Because the frequency of LH pulses (circhoral) has 
been reported to be essentially the same during the 
follicular phase of the menstrual cycle, when estrogen 
levels are maximal, and in the absence of ovarian func- 
tion, when they are immeasurable, it was concluded that 
estradiol in physiological concentrations does not have 
a significant effect on pulse generator frequency.” We 
were surprised to find, therefore, that physiological es- 
trogen replacement in ovariectomized monkeys pro- 
foundly inhibited pulse generator activity.” The reason 
for this difference between intact and ovariectomized 
monkeys remains to be resolved but the finding is rem- 
iniscent of earlier observations showing remarkable dif- 
ferences in the apparent steroidal control of gonado- 
tropin secretion between ovariectomized and normal 
animals.” It was noted in passing that the reduction in 
pulse generator frequency in ovariectomized monkeys 
occasioned by physiological levels of estradiol was ac- 
companied by a decrease in the duration of individual 
MUA volleys." The control of volley duration, in con- 
tradistinction to pulse generator frequency, and its sig- 
nificance are discussed further below. 

Our purpose from the outset of our electrophysio- 
logical efforts was to study the function of the GnRH 
pulse generator throughout the menstrual cycle of the 
rhesus monkey and in other physiological settings such 
as the initiation of puberty. Such investigations, obvi- 
ously, can only be conducted in intact animals. While 
all of the foregoing work in ovariectomized monkeys 
was being conducted, attempts to study the pulse gen- 
erator in normal animals were unrelentingly pursued 
but without success. In the original observations of LH 
pulses in ovariectomized monkeys it was noted that 
these could not be seen in intact females.’ It was sup- 
posed at the time, and not entirely incorrectly in ret- 
rospect, that in the presence of the ovaries and a closed 
negative feedback loop, the LH pulses were too small 
to be detected by our radioimmunoassay. It was dis- 
covered nearly 20 years later, however, when an ex- 
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Fig. 2. Effect of a single intravenous injection of corticotropin-releasing factor (CRF), at arrow, on 
GnRH pulse generator activity in an ovariectomized rhesus monkey.” 


tremely sensitive bioassay was substituted for the im- 
munoassay, that LH pulses still could not be detected 
in normal monkeys restrained in primate chairs. We 
gradually came to the realization that the mild “stress” 
of chair restraint, to which the animals appeared to be 
accustomed, had arrested the GnRH pulse generator. 
Blood samples taken from intact animals under bar- 
biturate anesthesia or otherwise tranquilized did show 
clear LH pulses, as well as the attendant MUA volleys, 
albeit at a reduced frequency. Michel Ferin and his 
colleagues had also noted that chair restraint interferes 
with pulsatile LH secretion in intact monkeys and that 
this could not be reversed by naloxone administration.” 
We have found, as they did, that corticotropin releasing 
hormone {CRH) inhibits pulsatile LH secretion, and 
that the effect of the neuropeptide could occasionally 
be reversed by naloxone*’” but the relationship be- 
tween these observations and the consequences of stress 
remain to be clarified. An example of this phenomenon 
is shown in Figure 2. In any case, the remarkable dif- 
ference between ovariectomized and intact monkeys in 
the resistence of the GnRH pulse generator to stress 
presents a problem of fundamental importance. 
‘Intact rhesus monkeys, fitted with recording elec- 
trodes and chronic indwelling cardiac catheters do ex- 
hibit normal, ovulatory menstrual cycles and must, 
therefore have a normally functioning hypothalamic 
GnRH pulse generator when they are not subject to 
the brief periods of restraint in primate chairs. Al- 
though pulse generator activity in such animals was 
easily demonstrable when CNS depressants were given, 
thus bypassing chair restraint, this obviously did not 


provide a satisfactory approach to the study of normal 
hypothalamic function and an alternative strategy had 
to be devised. For this purpose, we developed a ra- 
diotelemetry system composed of a radiotransmitter 
to which the distal end of a recording electrode is at- 
tached, a receiving antenna placed in close proximity 
to a suitably modified cage and an ordinary FM re- 
ceiver.’ The hypothalamic signals are then processed 
in a manner identical to the “hard wired” system pre- 
viously described.”” This technique permits continu- 
ous recording of MUA activity in unrestrained animals 
for unlimited periods of time. More recently, we have 
found that intensive aabituation of normal monkeys to 
primate chair restraint, for extended periods, reestab- 
lishes normal GnRH pulse generator activity and pro- 
vides the opportunity to study the system in the pres- 
ence of the ovaries, at least for the limited time offered 
by a single experimental day, the maximum period of 
restraint that we have employed. 

These rather arduous methodologies, developed 
over a period of years, are only now beginning to pro- 
vide reliable descriptions of the function of the GnRH 
pulse generator in the normal rhesus monkey. Among 
these is the confirmation of earlier findings in the hu- 
man and monkey (see 21 for review) that pulse gen- 
erator frequency is markedly reduced during the luteal 
phase of the cycle as well as during the night, especially 
during the follicular phase of the cycle, suggesting an 
interaction between circadian timing mechanisms and 
the circhoral signal generator of the hypothalamus. 

Totally unexpected, however, was the finding, to be 
published in detail elsewhere, of an abrupt reduction 
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in the frequency of thé pulse generator coincident with ` 
the preovulatory, mid-cycle LH surge. Again, this is ` 


accompanied by concurrent reductions in LH pulse fre- 
quency. 


Another unanticipated observation was the marked ` 


difference in the duration of MUA volleys between 


normal and ovariectomized animals. The period of in- 


creased electrical activity of the GnRH pulse generator 
lasts for five minutes, on the average, in normal mon- 
keys during the follicular phase of the cycle in con- 
trast to about 20 minutes in ovariectomized animals." 
As already mentioned, estradiol administered to ovari- 
ectomized animals seemed to shorten the duration of 
MUA volleys as well as reduce the frequency of the 
pulse generator. In a more recent study it has been 
found that while naloxone blocks the effect of estra- 
diol on pulse generator frequency, it has no effect on 


the action of the steroid on, MUA volley duration. — 


Morphine, however, mimics the actions of estradiol, 


but when administered at an appropriate rate, can re- 


duce volley duration without significant effect on fre- 


quency." Taken together, these observations suggest 


that frequency and duration of activation of the GnRH 


pulse generator can be controlled independently. Be- 
cause the duration of MUA volleys, is unrelated to the 


amount of LH released per pulse it appears that the 
full complement of GnRH released by each activation 
of the pulse generator is discharged at the onset of 
electrical activity.” While contro] of MUA volley du- 
ration may be of little moment in terms of LH secre- 
tion, it may provide potentially important insights re- 
garding the functioning of the pulse generator at the 
cellular level. l 

Despite the contemplation of the GnRH pulse gen- 
erator in terms of its outputs for two decades, the re- 
lentless probing of its workings with pharmacological 
tools and the deciphering of its electrophysiological 
substrate, we remain woefully ignorant of the neuronal 
construct that underlies its activity. That the pulse gen- 
erator is an intrinsic property of the MBH, probably 
of the arcuate nucleus, seems reasonably certain. In the 
monkey and human it has a frequency of approxi- 
mately one pulse per hour in its unmodulated (open 


loop) state and this frequency is maximal or close to ~ 


it. The elementary question of whether the pulse 


generator resides in GnRH neurons or in-cells that 
eventually synapse with them remains to be definitively 


answered. | 
The simplest hypothesis is that a single pacemaker 


cell, or small group of cells, initiates each pulse and ` 
entrains all other participants in the consequent neu-. | 
roendocrine cascade, thus accounting for the manda- _ 
tory synchrony of GnRH release. But the circhoral fre-- 


quency of such pacemaker neurons, if they exist, is 
difficult to explain in terms of currently understood 
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neurocellular control systems. The finding, however, 


‘ that the pacemaker for the circadian rhythm of the 
` marine snail Bulla resides in a small cluster of cells at 


the base of its eyestalks, and that only one of these cells _ 
may be capable of timing the entire circadian behavior 
pattern of this animal” provides a small measure of 
credibility. to the possibility that the pacemaker for a 
circhoral rhythm may also reside in kindred cellular 
domains. But as is often the case, the simplest models 
are unequal to the task and more complex hypotheses 
may eventually have to be tested and affirmed or re- 
jected in their turn. 
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Discussion 

Audience. In one of your slides there seemed to be 
a difference at the beginning of the cycle between the 
follicle-stimulating hormone (FSH) and LH response 
to pulsatile GnRH. Do you think that the relatively 
greater increase in FSH than in LH levels is important 
in folliculogenesis? 

Dr. Knobil. At present we do not know the physio- 
logic role of the relative elevation of FSH levels at the 
beginning of the cycle. 


The GnRH pulse generator 


Audience. Have you looked for a similar correla- 
tion between electrical spikes and other neuroendo- 
crine hormones or neurotransmitters? 

Dr. Knobil. The secretion of all the pituitary hor- 
mones, and most peptide neurotransmitters, Is epi- 
sodic. We looked for changes in hormone secretory 
patterns that are synchronous with LH and FSH, and 
we could not find any except prolactin, under certain 
circumstances. It has been found that GnRH, in ap- 
propriate circumstances, does stimulate prolactin se- 
cretion. So far we have been unable to find electro- 
physiologic correlates for patterns of peptide hormone 
secretion other than GnRH. 
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The pulsatile release of gonadotropin-releasing hormone and the consequent secretion of gonadotropins 
are regulated by a complex interplay of steroids, neuropeptides, catecholamines, and environmental 
factors. Estrogen and progesterone influence the amplitude and frequency of luteinizing hormone pulsatile 
secretion. These effects lead to both a diurnal variation in pulse frequency, with a lower frequency at night, 
and variation during the menstrual cycle, with a lower frequency and increased amplitude during the luteal 
phase. Opioid peptides inhibit the pulsatile discharge of gonadotropin-releasing hormone and luteinizing 
hormone. The opioid antagonist, naloxone, causes an increase in luteinizing hormone secretion, 
particularly during the luteal phase. The administration of opioid receptor agonists, such as B-endorphin, 
results in a decline in serum luteinizing hormone during the early follicular phase. Corticotropin-releasing 
factor, which is increased during stress, inhibits pulsatile luteinizing hormone secretion, and this effect 
can be blocked by the simultaneous administration of naloxone. These observations suggest that 
corticotropin-releasing factor exerts its effects on luteinizing hormone through an opioidergic intermediary. 
Endogenous catecholamines such as dopamine inhibit pulsatile luteinizing hormone release; however, the 
mechanism involved is not clear. (Am J Osstet Gynecot 1990;163:1727-31.) 
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Pulsatile discharge of gonadotropins, and thus of 
gonadotropin-releasing hormone (GnRH), has its ori- 
gins in intrauterine life. Rasmussen et al.’ have dem- 
onstrated pulsatile release of GnRH from the human 
fetal pituitary superfused in vitro. In vivo Martin et al.? 
have demonstrated pulsatile release of luteinizing hor- 
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mone (LH) in the catheterized rhesus monkey fetus in 
utero. This pulsatile release was evident by at least 130 
days’ gestation (term = 165 days). The amplitude of 
LH pulses was greater in female than in male fetuses, 
presumably because of the restraining action of testic- 
ular testosterone in the male. Near term pulsatile LH 
discharge was markedly diminished in both sexes. 

In 1971 Midgley and Jaffe* and Yen et al.* demon- 
strated that the episodic release of LH in women varied 
in amplitude and frequency at different stages of the 
cycle. Pulses of high frequency and low amplitude 
were observed during the follicular phase of the cycle, 
whereas pulses of high amplitude and relatively lower 
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frequency were observed during the luteal phase. More 
recently Soules et al.” and Marshall et al. demonstrated 
a nocturnal slowing of LH pulses in women during the 
follicular phase. Soules et al. did not find this pattern 
during the late follicular or midluteal phase. All these 
observations suggest an influence of estrogens and pro- 
gesterone on the magnitude and frequency of pulsatile 
LH discharge. Marshall et al. also demonstrated that 
effecting preovulatory circulating concentrations of es- 
tradiol caused a diurnal change in LH pulse discharge. 
In addition, this concentration of estradiol inhibited 
LH pulse discharge for the first 3 to 5 hours after 
sleep. The diurnal pulsatile discharge of LH, which was 
brought about by the peak preovulatory concentrations 


of estradiol, occurred with a nadir of mean LH con- . 


centrations at 1000 to 3000 hours and an acrophase at 
800 to 1000 hours. Because the midcycle LH surge in 
serum usually occurs during the early mornings, these 
investigators suggested that the critical concentrations 
of estradiol might be responsible for this phenomenon. 

Jaffe and Keye’ demonstrated previously that es- 
tradiol sensitizes the pituitary to GnRH. It is also 
‘likely that this phenomenon contributes to the initia- 
tion of the midcycle LH surge. Dumesic et al.* dem- 
onstrated that this estradiol sensitization of the pitu- 
itary gland to GnRH has its origins during intrauterine 
fetal life. Thus a large number of studies, including 
those noted above, indicate that the steroid milieu of 
the hypothalamic-pituitary system plays a critical role 


in the nature of GnRH and gonadotropin pulsatile dis- 


charge. 


Opioids 

The opioid peptides, particularly B-endorphin, in- 
hibit pulsatile discharge of GnRH and LH. Opioid reg- 
ulation of the GnRH pulse generator is probably central 
to the control of pulsatile discharge. Wardlaw et al.’ 
demonstrated that long-term administration of estra- 
diol plus progesterone markedly increased the concen- 
tration of B-endorphin in the hypothalamic-pituitary 
portal circulation of rhesus monkeys. The opiate an- 
tagonist, naloxone, causes an increase in pulsatile dis- 
charge of LH in women during the menstrual cycle 
that is greatest during the luteal phase of the cycle.” 
Morphine administration to castrate monkeys also in- 
hibited pulsatile LH release, and this effect could be 
blocked by the administration of naloxone." Thus opi- 
oids inhibit pulsatile discharge of GnRH, and the ex- 
tent of this inhibition during the menstrual cycle is de- 
pendent on circulating levels of estradiol and proges- 
terone. 

Rasmussen et al.' showed that the pulsatile discharge 
of GnRH from the fetal and adult hypothalamus su- 
perfused in vitro is enhanced by the simultaneous ad- 
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ministration of naloxone, which again suggests that reg- 
ulation of pulsatile discharge of GnRH has its inception 
during pregnancy. 

Corticotropin-releasing factor, which regulates the 
production of pituitary adrenocorticotropic hormone 
and $-endorphin, is increased during stress. The ad- 
ministration of corticotropin-releasing factor to cas- 
trate female rhesus monkeys inhibits pulsatile LH re- 
lease.’ This effect can be obviated by simultaneous 
long-term infusion of naloxone. These data suggest 
that corticotropin-releasing factor exerts its inhibitory 
action on pulsatile LH release through an opioider- 
gic intermediary. A study by Barbarino et al.” dur- 
ing the midluteal phase of the menstrual cycle sug- 
gested that a similar mechanism of opioid modulation 
by corticotropin-releasing factor was operative in the 
inhibition of pulsatile LH discharge. These phenomena 
may be involved in the mechanism of stress-induced 
amenorrhea. 

The administration of opioid receptor agonists, such 
as 8-endorphin, enkephalin analogs, and morphine, in- 
creases serum prolactin in men and women. Concur- 
rent with the increase in prolactin, declines in serum 
LH have been demonstrated in women during the early 
follicular phase in response to B-endorphin™ and in 
postmenopausal women in response to an enkephalin 
analog” but not in postmenopausal women treated with 
B-endorphin.'* 

The lack of response of LH to B-endorphin in post- 
menopausal women may indicate that gonadotropin 
sensitivity to opioidergic modulation is dependent on 
the presence of adequate amounts of gonadal steroids. 
However, a decline in LH in response to an enkephalin 
analog in postmenopausal women not receiving steroid 


-replacement has been observed.” Different biologic po- 


tencies, rates of metabolism, and different experimen- 
tal conditions may have contributed to the observed 
differences. 

The decrements in circulating LH seen in humans 
in response to opioid receptor agonists are qualitatively 
similar to those in rodents and nonhuman primates. 
The in vivo and in vitro evidence is that opioids can 
regulate gonadotropin secretion by inhibition of tu- 
beroinfundibular GnRH secretion in humans by mech- 
anisms similar to those in rodents and nonhuman pri- 


mates. This evidence is more substantive than the ev- 


idence for a parallel mechanism of interaction between 
opioids and dopamine. 

Gonadotropin response to opioid antagonists. The 
picture that has emerged from opiate antagonist stud- 
ies is one in which endogenous opioid substances mod- 
ulate pituitary LH secretion but only under physiologic 
conditions characterized by sufficient quantities of go- 
nadal steroids (i.e., in the late follicular to midluteal 
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phases of the menstrual cycle). The pattern of LH 
responses to naloxone is consistent with tonic endoge- 
nous opioidergic inhibition of GnRH secretion. 

As in other species, opioid receptor blockade in hu- 
mans results in increases in LH, although in healthy 
women this effect is limited to estrogenic or estrogenic- 
progestogenic environments, '*** 

Response in different estrogen environments. In 
women, ovarian estrogen secretion is low during the 
early follicular phase. The administration of naloxone 
during this phase of the menstrual cycle does not bring 
about a change in gonadotropin levels, ™ which 
indicates that estradiol levels are insufficient dur- 
ing the midfollicular phase to induce endogenous opi- 
oid tonic modulation of gonadotropins. However, in a 
study during the early follicular phase, significant in- 
crements in LH were observed in response to naltrex- 
one.” These findings, in contrast to those in which nal- 
oxone was used, suggest a role for tonic endogenous 
opioid regulation of LH secretion during the early fol- 
licular phase. Different effects of naloxone and nal- 
trexone may be the result of differences in potency, 
receptor binding, or purity as an antagonist. 

The role of gonadal steroids in regulating endoge- 
nous opioid tone becomes apparent in the high estra- 
diol environment of the late follicular phase. When 
naloxone was infused in the late follicular phase 3 days 
before the anticipated LH surge, half of the women 
had marked increases in LH pulse amplitude that re- 
sembled a spontaneous LH surge. The surge lasted 24 
hours, and postsurge ovulation occurred. The other 
women did not respond. The group of nonresponders 
had estradiol levels significantly lower during naloxone 
infusion than on the day before the spontaneous surge 
in the antecedent control cycle. This suggests an oblig- 
atory role for estradiol in the regulation of endogenous 
opioid tone at this time of the cycle. Because the char- 
acteristics of the LH surge in those women who re- 
sponded to naloxone were similar to the characteristics 
of physiologic spontaneous LH surges, this study pro- 
vides evidence that the initiation of the LH surge may 
be mediated by physiologic withdrawal of endogenous 
opioid tone in the presence of sufficient quantities of 
estradiol. 

In the high estradiol-progesterone environment of 
the midluteal phase, naloxone administration was as- 
sociated with increased LH pulse frequency. 

Long-term opioid antagonism with naltrexone that 
was administered during the first week of the luteal 
phase produced subtle effects on LH. There was an 
increase in midluteal LH pulse frequency, but total LH 
secretion did not increase. The less dramatic effects 
seen with long-term opioid antagonism compared with 
short-term naloxone infusion studies may reflect an 
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ability of the central nervous system—GnRH-pituitary- 
ovarian axis to adapt to long-term opioid withdrawal. 

The administration of conjugated estrogens to pre- 
viously untreated postmenopausal women brought 
about a return of prolactin sensitivity to opioid receptor 
blockade. Estrogen therapy was then discontinued, and 
combined estrogen-progestin therapy was started 20 
days later. After 20 days on the combination regimen, 
infusion of naloxone resulted in prolactin elevations to 
245% above baseline levels. This was a significantly 
greater increment than that seen with estrogen replace- 
ment in the absence of a progestin.” Treatment of oo- 
phorectomized women with estrogen restores opioid 
activity.” Petraglia et al.” showed that both fertile and 
climacteric women had no LH response to naloxone by 
I week after ovariectomy. The combination of conju- 
gated estrogens and progestins restored naloxone in- 
duction of the LH rise. These findings demonstrate 
that estrogen and progesterone together modulate en- 
dogenous opioid tone to a greater extent than either 
steroid alone. 


Modulators of endogenous opioid tone 


Dopamine. There is evidence that dopamine mod- 
ulates endogenous opioid tone, raising the possibil- 
ity of a feedback loop between hypothalamic opioids 
and catecholamines. Dopamine receptor antagonists 
increase levels of 8-endorphin in the hypothalamus, 
pituitary, and peripheral serum of rodents.” * Nal- 
oxone studies also suggest that dopamine antago- 
nism results in increases in endogenous opiate tone. 
In postmenopausal women experiencing vasomotor 
symptoms, treatment with the dopamine receptor an- 
tagonist, veralipride, brought about a decrease in basal 
LH levels” and a reduction in core temperature that is 
a characteristic effect of opioids.” Naloxone infusion 
after veralipride resulted in a rise in LH levels.” 
Naloxone infusion after veralipride resulted in a rise 
in levels in LH.” These findings suggested that long- 
term dopamine receptor blockade resulted in elevated 
endogenous opioid levels, which in turn decreased LH 
and increased response to naloxone. 

The infusion of dopamine to women during the fol- 
licular phase of the menstrual cycle in concentrations 
that elevated peripheral dopamine concentrations only 
slightly above the physiologic range did not result in 
significant alterations in pulsatile LH discharge.” 

With the use of higher pharmacologic doses, sup- 
pression of LH was observed that was particularly 
marked in the luteal phase of the cycle.” Recently Plos- 
ker et al.” administered the tyrosine hydroxylase in- 
hibitor, -methyl paratyrosine, to women during the 
follicular phase. This inhibited endogenous catechol- 
amine synthesis and resulted in an increase in the 
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amplitude of LH pulses. Thus endogenous catechol- 
amines, primarily dopamine, appear to inhibit pulsatile 
LH release. It ts unknown whether this action occurs 
in the pituitary gland or the hypothalamic GnRH pulse 
generator directly, or if it is mediated by hypothalamic 
opioids. The study by Plosker et al. suggests a hypo- 
thalamic locus of action. 

Steroids The observations from experiments with 
naloxone and naltrexone in reproductive-age women 
during different intervals in the menstrual cycle and 
in menopausal women given pharmacologic steroid re- 
placement imply a significant role for gonadal steroids 
in the modulation of endogenous opioid tone. Research 
on rodents and nonhuman primates has further de- 
fined this role. Steroid hormone receptors are wide- 
spread in the central nervous system, including regions 
of the hypothalamus, where opioid peptides, GnRH, 
and catecholaminergic neurons are localized.” * The 
neuroanatomic relationships for estrogens, progester- 
one, and androgens to modulate opioid-catecholamine 
or GnRH regulation of pituitary hormone secretion 
exist. Factars, such as the dose of steroid administered, 
the multiple sites of action of steroids,” the cyclic fuc- 
tuations in steroid secretion, and the interactions be- 
tween steroids, often make it difficult to interpret ste- 
roidal effect. | 

Ovarian sex steroids appear essential for the release 
of B-endorphin into pituitary stalk blood, with the 
greater amounts of B-endorphin released in the pres- 
ence of both estrogen and progesterone.’ Also, opioid 
peptides probably have a role in mediating gonadal 


steroid feedback at the hypothalamic level. Some. 


investigators have postulated that an alteration in 
opioid peptides, which are modulated by sex steroids, 
may be responsible for the cyclic nature of the men- 
strual cycle.**” l 

Concentrations of B-endorphin in the peripheral 
circulation are extremely low, and hypothalamic B- 
endorphin activity is better reflected by direct mea- 
surements of the hormone in pituitary stalk blood. 
Pituitary stalk B-endorphin concentration in monkeys 
is high in the mid- to late follicular phase, higher 
in the luteal phase, and undetectable after ovariec- 
tomy or during menstruation.“ Long-term estrogen 
administration to ovariectomized monkeys restored B- 
endorphin secretion, and the addition of progester- 
one further elevated $-endorphin levels.’ In nonhu- 
man primates ovarian sex steroids are necessary for the 
release of hypothalamic B-endorphin into the pituitary 
portal circulation. 

The ‘presence of exogenous gonadal steroids is not 
sufficient to activate the opioidergic control of LH se- 
cretion. A functional hypothalamic GnRH-pituitary- 
gonadal system from spontaneous pubertal develop- 
ment also seems to be necessary. The administration 
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of an estrogen-progestin combination to patients with 
Turner’s syndrome did not affect their response to nal- 
oxone,” 

Gonadotropin responses to naloxone infusions in low 
estrogen states such as hypothalamic amenorrhea, and 
the absence of response in polycystic ovarian syndrome, 
a condition that is not characterized by low levels of 
estrogen, imply that factors in addition to gonadal ste- 
roids influence endogenous opioid tone. 

Thus there is a complex, interdependent, multifa- 
ceted interaction of steroids, opioids, catecholamines, 
and other neurotransmitters in the regulation of GnRH 
and gonadotropin pulsatile discharge in women. 
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Hypothalamic amenorrhea: Clinical perspectives, 
pathophysiology, and management 


James H. Liu, MD 


Cincinnati, Ohio 


The development of functional hypothalamic amenorrhea reflects an individual!’s response to environmental 
stressors and life-style variables. In this disorder there are no detectable anatomic abnormalities with 
respect to the hypothalamic-pituitary-ovarian-endometrial axis. Current evidence suggests that the common 
underlying defect is a decrease in the activity of the hypothalamic gonadotropin-releasing hormone pulse 
generator. Of the neuroendocrine factors that appear to regulate gonadotropin-releasing hormone activity, 
the opiate and dopamine neuronal systems have been implicated as factors that are responsible in part for 
the decreased secretion of gonadotropin-releasing hormone. Because of the functional nature of this 
disorder, reactivation of the hypothalamic-pituitary unit would be expected to take place in most women 
after accommodation to environmental stressors or modification in life-style. For women with persistent 
anovulation, treatment with estrogen-replacement therapy should be offered. In those desiring fertility, 
ovulation induction with pulsatile gonadotropin-releasing hormone would be the most effective modality. 


(Am J OBSTET GYNECOL 1990;163:1732-6.) 
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Amenorrhea associated with hypoestrogenism, nor- 
mal or low levels of follicle-stimulating hormone (FSH), 
and psychogenic factors was originally described by 
Klinefelter et al.' in 1973. They were the first to coin 
the term “hypothalamic hypoestrinism” and postulated 
that this disorder was caused by the “failure of the 
hypothalamic-pituitary nervous pathways to release lu- 
teinizing hormone from the anterior pituitary.” In re- 
cent years many studies have shown that individuals 
with hypothalamic amenorrhea have intact pituitary- 
ovarian-endometrial function?“ and the common un- 
derlying defect in this disorder is a deficiency in pul- 
satile secretion of gonadotropin-releasing hormone 
(GnRH).*’ Unfortunately, the neuroendocrine basis 
that can account for the decrease in GnRH-luteinizing 
hormone (LH) secretion remains unclear. An increas- 
ing number of studies have provided evidence that in- 
creased endogenous opiate activity plays a major role 
in suppressing pulsatile GnRH secretion.® In addi- 
tion, other studies have suggested that there is a func- 
tional link between environmentally and endogenously 
generated stress and onset of hypothalamic amenor- 
rhea.'*:* With our alterations in life-style and the grow- 
ing emphasis on exercise, nutrition, and slenderness, 
the incidence of hypothalamic amenorrhea can be ex- 
pected to increase. 
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Clinical and biochemical features of 
hypothalamic amenorrhea 


On a clinical basis it is difficult to provide a typi- 
cal profile of the individual with hypothalamic amen- 
orrhea because functional hypothalamic amenorrhea 
is considered a diagnosis of exclusion. There are sev- 
eral other related disorders that can be considered 
to be caused by dysfunction of the central nervous- 
hypothalamic-pituitary system (Table I). 

One such disorder, isolated zonadotropin deficiency, 
shares many of the biochemical features with functional 
hypothalamic amenorrhea, Isolated gonadotropin de- 
ficiency is characterized by a decrease in the secretion 
of endogenous GnRH leading to hypogonadotropic hy- 
pogonadism, eunuchoid features, incomplete devel- 
opment of secondary sexual characteristics, primary 
amenorrhea, and, in some cases, anosmia. Because this 
defect is probably the result of a failure of GnRH neu- 
rons to develop completely or migrate from the olfac- 
tory bulb to the hypothalamus during embryogenesis, 
hypoplasia of the olfactory bulbs can be identified in 
some patients.” | | 

In contrast, patients with < diagnosis of functional 
hypothalamic amenorrhea can be defined as those who 
have an absence of menstrual cycles for more than 6 
months in which no anatomic or organic abnormalities 
can be identified. Most women with this disorder have 
a history of normal onset of menarche with regular 
menstrual cycles between 26 and 35 days. These pa- 
tients tend to be highly motivated, intelligent, involved 
in high-stress occupations, and usually thin or of nor- 
mal body weight. In some patients a variety of emo- 
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Table I. Classification of anovulation 
caused by the central 
nervous-hypothalamic-pituitary system 


Functional hypothalamic anovulation 
Psychogenic or stress factors 
Nutritional factors 
Exercise-related factors 

Phystologic anovulation 
Prepubertal period 
Postpartum period 

Pharmacologic-induced anovulation 
Dopaminergic antagonist 
Opiate agonist 

Psychiatric-associated disorders ° 
Anorexia nervosa 
Pseudocyesis 

Organic defects of the hypothalamic-pituitary unit 
Isolated gonadotropin deficiency 
Pituitary tumors 
Sheehan’s syndrome 
Empty-sella syndrome 
Head trauma 
Inappropriate prolactin secretion 


tional or stressful events (e.g., divorce) preceding the 
onset of amenorrhea can be identified during the initial 
interview. Other environmental and interpersonal fac- 
tors that can be uncovered include academic pressure, 
social maladjustment, and psychosexual difficulties. 
Life-style factors that should be scrutinized include a 
history of weight fluctuations, dietary habits, type and 
intensity of exercise, and use of sedatives and hypnotics. 

A thorough physical examination should reveal nor- 
mal secondary sexual development and fail to dem- 
onstrate abnormalities such as galactorrhea, thyroid 
enlargement, or signs of androgen excess. Despite 
findings of hypoestrogenic changes in the genital 
tract, these patients do not usually complain of hot 
flashes. : 

Laboratory values including LH, FSH, prolactin, and 
thyroid-stimulating hormone levels are in the low or 
normal range (Table II)” Estradiol levels are typically 
low or low normal. In general the progestin challenge 
test should confirm that there is a scant or absent es- 
trogenic effect on the endometrium. To exclude an 
occult pituitary lesion, computerized tomographic scan- 
ning of the sella turcica should be performed. 


Pulsatile GnRH-LH secretion in 
hypothalamic amenorrhea 


Findings from several laboratories have established 
that there is a slowing in frequency of hypothalamic 
GnRH-LH secretion that is the basic underlying cause 
of persistent anovulation in women with hypothalamic 
amenorrhea.” `! In these studies frequent peripheral 
blood samples were used to quantitate pulsatile LH 
secretion and provide an indirect assessment of GnRH 
secretion. These studies make the assumption that only 
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Table II. Basal serum hormonal profiles 


in women with functional 
Hypothalamic Early 
amenorrhea | follicular phase 


hypothalamic amenorrhea 


LH (units/L) 95 1.1” the 12 

FSH (units/L) 9.3 + 0.5* 12.1 + 1.0 

Prolactin (pg/L) 12.2 + 0.8; 17.1 + 14 

Thyroid-stimulating hormone 1.05 + 0.33 1.33 + 0.26 
(mU/L) l 

Growth hormone (pg/L) 07 S13 4.2 + 0.7 

Estradiol (pmol/L) 142 + 15 156 + 10 


From Berga SL, Mortola JF, Girton L, et al. Neuroendocrine 
aberrations in women with functional hypothalamic amen- 
orrhea. J Clin Endocrinol Metab 1989;68:301. 


Date are mean + SE. 
*h < 0.05. 
tp < 0.01. 


GnRH is capable of stimulating LH secretion and 
there is a close correlation between GnRH and LH 
secretion, as demonstrated previously in several animal 
models.'* ° 

When exogenous GnRH is administered to women 
with hypothalamic amenorrhea, LH and FSH re- 
sponses are either normal or exaggerated compared 
with women with eumenorrhea.* '* These findings sug- 
gest that pituitary sensitivity and capacity are not im- 
paired and the primary defect is at a central level. Ex- 
amination of individual patterns of LH secretion dem- 
onstrates considerable variability in the pulsatile 
pattern (Fig. 1). Compared with the follicular phase of | 
the cycle, these LH secretory patterns are characterized 
by alterations in LH frequency, amplitude, and, in some 
cases, a regression to a pubertal pattern.” ° These LH 
patterns suggest that the activity of the GnRH pulse 
generator is not uniformly suppressed to the same de- 
gree in each individual. During recovery from hypo- 
thalamic amenorrhea, a reversal of the GnRH-LH se- 
cretory pattern, characterized by a sleep-associated in- 
crease in LH amplitude, is often evident. 


Opioidergic and dopaminergic modulation of 
GnRH secretion 


A growing body of evidence indicates that endoge- 
nous opiates inhibit pulsatile GnRH and LH secre- 
tion.’ '° In a subgroup of women with hypothalamic 
amenorrhea, blockade of endogenous opiate receptors 
by naloxone can increase LH pulse frequency and am- 
plitude.®* ° In addition, long-term treatment with the 
opiate receptor antagonist naltrexone leads to a spon- 
taneous return of gonadotropin secretion and ovula- 
tory function.” Collectively these studies suggest that 
an increase in endogenous opiate activity plays a sig- 
nificant role in reducing pulsatile GnRH secretion in 
this disorder. . 
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Fig. 1. Examples of the pulsatile pattern of LH in women with 
hypothalamic amenorrhea. Alterations in LH amplitude, fre- 
quency, and augmentation of LH secretion during the noc- 
turnal hours are evident. 


Table III. Associated neuroendocrine 
abnormalities in hypothalamic amenorrhea 





Increased amplitude and duration of nocturnal mela- 
tonin secretion’? 

Decreased 24 hr prolactin secretion with exaggerated 
nocturnal elevation’ 

Increased nocturnal secretion of growth hormone” 

Blunted elevation in prolactin, adrenocorticotropic hor- 
mone, and cortisol levels with meals’ " 


Using a similar pharmacologic approach, Quigley 
et al. have also demonstrated that blockade of the do- 
pamine receptor with metaclopramide can induce an 
increase in LH secretion. These findings indirectly sug- 
gest that, in some patients with hypothalamic amen- 
orrhea, there is enhanced dopaminergic activity. Be- 
cause the dopaminergic and opioidergic neuronal sys- 
tems are also involved in the regulation of other 
hypothalamic hormones, it is not surprising that there 
are altered secretion patterns of other hormones such 
as growth hormone, prolactin, adrenocorticotropic 
hormone, cortisol, and melatonin in women with hy- 
pothalamic amenorrhea (Table II). "° 


Stress and reproductive function 


The disruption of reproductive function during 
chronic exposure to stress has been reported in both 
animal species and humans." * ° According to Selye’s 
original observations,” stress is met by increased hor- 
monal secretions of the hypophyseal-adrenocortical 
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Fig. 2. LH, FSH, estradiol (£,), and progesterone (P,) levels 
during ovulation induction with intravenous pulsatile GnRH. 
For luteal-phase support, human chorionic gonadotropin 
(hCG), 1500 units intramuscularly, is administered every 3 days 
for four doses. 


axis. These effects on the reproductive axis by the 
hypothalamic-pituitary-adrenal axis appear to be me- 
diated at several levels. At the hypothalamic level 
administration of corticotropin-releasing hormone 
in rats and monkeys acutely inhibits GnRH-LH re- 
lease in vivo'® ?!*? and in vitro.” This inhibitory ef- 
fect can be prevented by the coadministration of a 
corticotropin-releasing hormone receptor antagonist 
or reversed by naloxone, which suggests that the ac- 
tion of corticotropin-releasing hormone is mediated 
through the opioidergic system.'* ” 

At the pituitary level the adrninistration of adreno- 
corticotropic hormone can delzy pubertal maturation 
and disrupt the reproductive cycle in adrenalectomized 
rats.” In addition, chronic hypercortisolism leads to a 
decrease in pituitary sensitivity to GnRH.” 

In humans there is evidence that links stress, chronic 
activation of the hypothalamic-pituitary-adrenal axis. 
and reproductive dysfunction in athletes and women 
with hypothalamic amenorrhea.* " In these women 
there is a significant elevation in daytime cortisol levels, 
a delay or absent response in adrenocorticotropic hor- 
mone and cortisol secretion during the noon meal, and 
a blunted response to corticotropin-releasing hor- 
mone.* '* These clinical studies suggest that there is a 
functional association between chronic stress and the 
onset of ovulatory dysfunction and amenorrhea. 


Management of hypothalamic amenorrhea 


Because of the functional nature of hypothalamic 
amenorrhea, a major emphasis should be placed on a 
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carefully conducted initial interview that focuses on 
life-style variables and interpersonal relationships. Sig- 
nificant organic disease must be excluded. In many 
instances spontaneous recovery of menstrual function 
will return after reassurance, psychologic guidance, 
and modification of life-style.” For this reason, expec- 
tant management remains a viable option. Periodic 
reassessment of reproductive status in these individuals 
(i.e., every 4 to 6 months) would be prudent. 

For those women with persistent anovulation, a major 
concern is the long-term effect of hypoestrogenism on 
bone density. Unfortunately, there is very little infor- 
mation with regard to this aspect of hypothalamic 
amenorrhea from an epidemiologic perspective.” 
Based on our current understanding of bone mineral 
metabolism, chronic estrogen deprivation can lead to 
significant osteopenia that will predispose these patients 
to the increased risk of bone fractures. Because these 
patients are often reluctant to take medications, serial 
bone density studies may be necessary to convince them 
of the necessity to begin estrogen-replacement therapy. 

For women who are interested in fertility, a trial 
of clomiphene citrate is indicated. Because clomi- 
phene citrate displays weak estrogenic properties in 
a hypoestrogenic environment,” lower doses of clo- 
miphene (25 mg/day for 5 days) should be used 
initially. In some cases higher doses of clomiphene 
(>100 mg/day) may exert a paradoxic effect and sup- 
press the hypothalamic-pituitary axis. 

For those women who fail to respond to clomiphene, 
the most logical approach would be ovulation induction 
with pulsatile GnRH. Because the primary underlying 
defect in hypothalamic amenorrhea is decreased en- 
dogenous GnRH secretion, this approach can be viewed 
as a form of “physiologic” replacement therapy. For 
women with hypothalamic amenorrhea a starting in- 
travenous dose of GnRH of | to 5 1g/90 min has been 
shown to be effective.” Monitoring of serum estradiol 
levels or follicular development can be minimized be- 
cause ovarian follicular response and gonadotropin 
output mimic the natural menstrual cycle (Fig. 2). Go- 
nadotropin support of the corpus luteum can be main- 
tained with either continuation of pulsatile GnRH or 
human chorionic gonadotropin, 1500 units intramus- 
cularly every 3 days for four doses. With the intrave- 
nous mode of GnRH therapy, ovulation rates of ap- 
proximately 90%, conception rates of 25% to 30% per 
ovulatory cycle, and hyperstimulation rates of less than 
1% have been reported in patients with hypothalamic 
amenorrhea.” 

In summary, the development of functional hypo- 
thalamic amenorrhea is linked to life-style variables and 
environmental stressors. From a teleologic perspective, 
the reproductive cycle shifts into a temporary “resting 
phase” characterized by decreased secretion of endog- 
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enous GnRH under these unfavorable conditions. Neu- 
roendocrine factors, which appear to modulate re- 
duced GnRH activity in this disorder, include the opiate 
and dopamine neuronal systems. In most women spon- 
taneous reactivation of the hypothalamic-pituitary unit 
will take place after accommodation to stress factors or 
modification in life-style. 
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Discussion 


Audience. How do you normally maintain the luteal 
phase? 

Dr. Liu. You tend to have fewer problems with the 
intravenous sites if you limit the infusion duration of 
intravenous GnRH io 14 to 16 days, Also, if you plan 
to use intravenous GnRH in consecutive cycles, you do 
not want to exhaust potential intravenous sites. For 
these reasons, we tend to use hCG to maintain the luteal 
phase. 

Audience. How did you determine the correct dose 
and schedule for hCG in the luteal phase? 

Dr. Liu. First, we calculated, on the basis of half-life 
of exogenous hCG, how long we needed to give hCG 
and at what intervals. Every 3 days was an approxi- 
mation. We determined that 1500 units was the mini- 
mum dose that could maintain progesterone produc- 
tion in a simulated luteal phase. 
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Polycystic ovary syndrome is a disorder frequently 
encountered among patients seen in gynecologic and 
reproductive endocrine clinics. Common complaints of 
polycystic ovary syndrome include hirsutism, obesity, 
menstrual disorders (mainly oligomenorrhea), and in- 
fertility. Anovulation is common and ovulation induc- 
tion is often resorted to for treatment of infertility in 
this disorder. 

Several hormones are secreted abnormally in poly- 
cystic ovary syndrome (Fig. 1). Excessive androgen 
levels are common and cause acne and hirsutism; ele- 
vated intraovarian androgens also affect folliculogen- 
esis and may participate in the pathogenesis of ano- 
vulation.' Although large amounts of excessive andro- 
gens and androgen substrate appear to be produced 
by the ovary, the adrenal gland may contribute sub- 
stantially to hyperandrogenism in polycystic ovary syn- 
drome.’ A high pituitary output of luteinizing hormone 
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(LH) is a frequent finding in polycystic ovary syndrome. 
The episodic secretion of LH is deranged; LH peaks 
are of greater amplitude than in normal women in the 
follicular phase of the menstrual cycle.*® Excessive fre- 
quency of gonadotropin-releasing hormone (GnRH)— 
induced LH pulses may also be present,**” although 
this feature is still the subject of some controversy.* ° 
Pituitary sensitivity is also increased so that large 
amounts of gonadotropins are secreted when the pi- 
tuitary gland is challenged with exogenous GnRH’; this 
derangement is probably responsible for the elevation 
of LH pulse amplitude present in polycystic ovary syn- 
drome. | 

Excessive androgen levels indirectly affect gonado- 
tropin secretion through various mechanisms. Andro- 
stenedione is peripherally converted to estrone; an- 
drogens also lower sex hormone—binding globulin 
levels so that increased amounts of unbound androgens 
and unbound 178-estradiol are present in polycystic 
ovary syndrome.” These high estrone and free 17B- 
estradiol levels may act at the pituitary level to increase 
LH and follicle-stimulating hormone (FSH) reserve. 
This vicious cycle of high LH output, excessive andro- 
gen secretion, and elevated weak estrogen levels par- 
ticipates critically in the maintenance of deranged hor- 
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Fig. 1. Schematic representation of the clinical and endocrine 
abnormalities encountered in polycystic ovary syndrome. T, 
Testosterone; A, androstenedione; £,, estrone; E, estradiol. 


monal dynamics and the pathogenesis of anovulation 
in polycystic ovary syndrome. 

Obesity may further complicate the endocrine pic- 
ture in polycystic ovary syndrome. Obese patients with 
polycystic ovary syndrome secrete excessive amounts of 
insulin that may interact with insulin-like growth factor 
receptors in the ovary.” The synergistic action of LH 
and insulin may worsen ovarian androgen secretion 
and affect folliculogenesis. Weight loss is associated 
with a resumption of more regular menstrual function 
in women with polycystic ovary syndrome." 


Treatment of polycystic ovary syndrome 


The specific cause of polycystic ovary syndrome is 
still obscure; furthermore, rather than being a single 
entity, polycystic ovary syndrome can be the end point 
of several endocrine disorders. Thus, physicians are 
often forced to treat symptoms instead of being able to 
solve the basic pathogenetic mechanism involved in this 
disorder. Drugs commonly used in the treatment 
of hirsutism include estrogen/progestogen combina- 
tions," cyproterone acetate,” and spironolactone." 
With the exception of spironolactone, these medica- 
tions block ovarian function and prevent ovulation. 
GnRH analogs have also been used in the treatment of 
polycystic ovary syndrome because they suppress pi- 
tuitary LH secretion and create a transitory and rap- 
idly reversible condition of hypogonadotropic hypo- 
gonadism"; ovarian androgens are reduced and hir- 
sutism improves during this treatment. Unfortunately, 
the profound hypoestrogenic state associated with 
GnRH analog administration prevents long-term (>6 
months) treatment of polycystic ovary syndrome with 
this class of medications. At the suspension of GnRH 
analog administration, spontaneous menstrual cyclicity 
usually does not resume in patients with polycystic 
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ovary syndrome who were anovulatory before GnRH 
analog treatment. '® ' 

Ovulation induction is often resorted to in women 
with polycystic ovary syndrome willing to conceive. Ad- 
ministration of clomiphene citrate results in an appar- 
ently high rate of ovulation but may be associated with 
luteal phase defects.” A discresancy exists between the 
incidence of apparent ovulation and conception 
achieved with clomiphene; thus more effective means 
of ovulation induction are often needed. Human meno- 
pausal gonadotropins (hMG) and purified FSH may be 
used in patients with polycystic ovary syndrome who 
are resistant to clomiphene. Purified FSH has a theo- 
retic advantage over hMG because it should correct the 
imbalance between LH and FSH typical of polycystic 
ovary syndrome in favor of the latter hormone. How- 
ever, the use of purified FSH may not be associated 
with significant clinical advantages over hMG."" 

The administration of hMG can result in a greater 
incidence of ovarian hyperstimulations and multiple 
pregnancies in polycystic ovary syndrome than in other 
ovulatory disorders. Wang and Gemzell' showed that 
patients with polycystic ovary syndrome are particularly 
prone to development of these complications. There- 
fore, ovulation induction with hMG should be moni- 
tored with particular care in patients with polycystic 
ovary syndrome. 


Ovulation induction with pulsatile GnRH in 
polycystic ovary syndrome 


Because of the low incidence of complications asso- 
ciated with the use of pulsatile GnRH, this therapeutic 
modality would appear to be optimal for the treatment 
of patients with polycystic ovary syndrome. Unfortu- 
nately, several reports have suggested that pulsatile 
GnRH may be far less effective in polycystic ovary syn- 
drome than in hypogonadotropic hypogonadism. 

Ory et al.” gave low-dose (25 ng/kg) pulsatile GnRH 
to four patients with polycystic ovary syndrome for six 
cycles. Ovulation apparently occurred in five cycles, but 
an inadequate luteal function may have been present 
in some subjects and no pregnancies ensued. Similarly, 
Burger et al.” reported a rather high ovulatory rate 
(87%) in 85 treatment units, whereas only five preg- 
nancies occurred in 3 of the 11 patients treated. 

An important distinction between patients with poly- 
cystic ovary syndrome and women with multifollicular 
ovaries was drawn by Adams et al.” Patients with mul- 
tifollicular ovaries had lower LH and androgen levels 
and normal-size ovaries; these subjects responded well 
to exogenous pulsatile GnRH when administered both 
intravenously and subcutaneously, and an ovulatory 
rate per cycle of 85% was achieved. Conversely, patients 
with large polycystic ovaries and elevated serum LH 
and testosterone levels obtained only a 40% ovulatory 
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Fig. 2. Ovulation induction with pulsatile GnRH (5 pg/bolus every 60 minutes) in the same patient 
with polycystic ovary syndrome before (left panels) and after (right panels) GnRH analog suppression. 
(From Filicori M, et al. J Clin Endocrinol Metab 1988;66:327.) 


rate per cycle; the success rate was similar in patients 
treated intravenously or subcutaneously. Thus patients 
with multifollicular ovaries seem to represent a differ- 
ent pathologic entity well differentiated from polycystic 
ovary syndrome and highly susceptible to pulsatile 
GnRH ovulation induction. These authors also found 
an elevated incidence of early miscarriage and abortion 
in polycystic ovary syndrome; only two of eight preg- 
nancies were uneventful in these patients. The same 
group” later reported slightly better results in patients 
with polycystic ovary syndrome treated with a combi- 
nation of subcutaneous pulsatile GnRH and clomi- 
phene citrate; the intravenous route was resorted to in 
patients who failed to ovulate on the subcutaneous reg- 
imen. Nevertheless, only 87 (51%) of 170 treatment 
cycles were ovulatory, and conception was achieved in 
23 cycles (13.5% pregnancy rate per cycle). The cu- 
mulative conception rate during a 6-month period was 
60%. Lack of response was particularly evident in obese 
patients and subjects with higher testosterone levels. 
These investigators confirmed the occurrence of a high 
rate of spontaneous abortion in this patient population. 

The administration of pulsatile GnRH for ovulation 


induction was found to be highly disappointing also by 
Hurwitz et al.* and Wilson et al.” The former group 
attained ovulation in only 2 of 12 treatment cycles, 
whereas the latter group had no success in 9 treatment 
periods of up to 6 weeks in 5 patients. 

We recently confirmed” that the simple administra- 
tion of intravenous pulsatile GnRH (5 pg every 60 min- 
utes) in polycystic ovary syndrome results in low ovu- 
latory (38% per cycle) and pregnancy rates (8% per 
cycle). However, a preliminary report by our group’ 
suggested that pretreatment with a GnRH analog (bus- 
erelin, Hoechst-Roussel; 300 pg, subcutaneously, twice 
a day for 8 weeks) immediately before the initiation of 
pulsatile GnRH administration could improve the re- 
sponse of patients with polycystic ovary syndrome to 
this form of therapy (Fig. 2). When this approach was 
tested in a larger patient population of 23 patients with 
polycystic ovary syndrome,” we verified that a more 
physiologic endocrine pattern and higher ovulatory 
(90%) and pregnancy rates (38%) can be achieved with 
this regimen in polycystic ovary syndrome. 

The pattern of hormonal secretion in patients with 
polycystic ovary syndrome simply stimulated with pul- 
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Fig. 3. Mean (+SE) serum gonadotropin and gonadal steroid 
levels in the early follicular phase (initial 6 days) of menstrual 
cycles induced with pulsatile GnRH in the same patients with 
polycystic ovary syndrome before (pre-A) and after (post-A) 
GnRH analog suppression. T, Testosterone; Es, estradiol. 
(From Filicori M, etal. J Clin Endocrinol Metab 1988;66:327.) 


satile GnRH was characterized by high serum levels of 
LH, estradiol, and testosterone”; these features are in- 
dicative of an excessive pituitary and gonadal response 
in these. patients. GnRH analog pretreatment in poly- 
cystic ovary syndromé induced a profound hypogo- 
nadotropic and hypogonadal state and completely abol- 
ished excessive gonadotropin and gonadal steroid se- 
cretion at the outset of pulsatile GnRH administration 
(Fig. 3). 

We then compared the endocrine response to pul- 
satile GnRH between patients with polycystic ovary syn- 
drome and patients with primary amenorrhea caused 
by hypogonadotropic hypogonadism.” Pulsatile GnRH 
administration in this form of profound hypogonad- 
otropic hypogonadism reproduced the pattern of re- 
productive hormones encountered in the normal men- 
strual cycle. In the cycles done after GnRH analog 
suppression, the profile of LH secretion closely resem- 
bled the one of patients with hypogonadotropic hy- 
pogonadism although mean LH levels were slightly 
more elevated (Fig. 4). Serum estradiol levels were 
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Fig. 4. Daily serum gonadotropin and gonadal steroid con- 
centrations (mean + SE) during pulsatile GnRH administra- 
tion in ovulatory cycles of patients with primary hypogonad- 
otropic amenorrhea (IHH) and polycystic ovarian disease 
(PCOD), before (pre-A) and after (post-A) GnRH analog 
suppression. (From Filicori M, et al. J Clin Endocrinol Metab 
1989;69:825.) i 


practically superimposable in cycles done after GnRH 
analog suppression of patients with polycystic ovary 
syndrome and hypogonadotrepic hypogonadism and 
comparable to normal levels, suggesting more physio- 
logic folliculogenesis; progesterone levels were higher 
in cycles done after GnRH analog suppression than in 
preanalog cycles, indicating better corpus luteum func- 
tion. Finally, although follicular-phase testosterone 
levels were lower in cycles done after GnRH analog 
suppression than in preanalog cycles in polycystic ovary 
syndrome, such differences disappeared in the luteal 
phase. This latter finding suggests that part of the ben- 
efits of GnRH analog suppression may be lost by 3 to 
4 weeks after GnRH analog suppression. In fact, when 
pulsatile GnRH was continued Zor a second consecutive 
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cycle done after GnRH analog suppression, a lower 
ovulatory rate was obtained. 

Obesity was another factor that seemed to affect the 
outcome of pulsatile GnRH therapy negatively in our 
patients. Only 15% of preanalog cycles in obese patients 
with polycystic ovary syndrome were ovulatory com- 
pared with 64% in nonobese subjects. GnRH analog 
pretreatment improved response in both groups but, 
although all cycles done after GnRH analog suppres- 
sion were ovulatory in nonobese subjects, 25% of obese 
patients still did not respond to pulsatile GnRH. 

Spontaneous abortion also appeared to be a con- 
spicuous complication among our patients with poly- 
cystic ovary syndrome because it occurred in 50% of 
preanalog cycles and 38% of cycles done after GnRH 
analog suppression. However, our data suggest that 
miscarriage in polycystic ovary syndrome should not 
be related directly to high LH levels in the follicular 
phase,” because this complication also was prominent 
in cycles done after GnRH analog suppression that 
were characterized by reduced serum LH concentra- 
tions. : 

In conclusion, pulsatile GnRH appears to be effective 
in polycystic ovary syndrome only when these patients 
are given pretreatment and transiently rendered hy- 
pogonadotropic with a GnRH analog. By lowering pi- 
tuitary LH secretion and ovarian androgen levels, this 
approach leads to a temporary condition of hypogo- 
nadotropic hypogonadism that creates a window of en- 
hanced susceptibility of patients with polycystic ovary 
syndrome to pulsatile GnRH ovulation induction. How- 
ever, to be maximally effective, GnRH analog admin- 
istration should probably precede each pulsatile GnRH 
ovulation induction attempt because the advantages of 
pituitary suppression are rapidly lost. Obesity is asso- 
ciated with lower success rates, and spontaneous abor- 
tion remains an important complication in polycystic 
ovary syndrome even after GnRH analog suppression. 
These findings should extend the applicability of pul- 
satile GnRH and lead to high ovulatory and pregnancy 
rates and greatly reduced risks of ovarian hyperstim- 
ulation and multiple pregnancy in the great majority 
of patients with anovulatory disorders not associated 
with primary hypogonadism. 
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Discussion 


Audience. In your studies, how did you define poly- 
cystic ovary syndrome? 

Dr. Filicori. If you look in the literature, you find 
that the definition of this disorder is heterogeneous. 
We insisted that both LH and androgen levels be ele- 
vated in these patients because we were really trying to 
approach the problem of LH-dependent hyperandro- 
genism. So all the patients I have shown have both 
derangements. 

Audience. Do you have any explanation for the in- 
creased abortion rate in patients with polycystic ovary 
syndrome after ovulation induction? 

Dr. Filicori. We have not closely monitored these 
pregnancies, but I can give you our thoughts on it. We 
had thought that this problem could be related to an 
abnormal endometrium. We had hoped that by low- 
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ering both gonadotropin and gonadal steroids with the 
GnRH analog and thus reducing endometrial hyper- 
trophy, we could improve on the high abortion rate we 
had observed in the preanalag cycles of ovulation in- 
duction. Unfortunately, the abortion rate also remained 
high in the postanalog cycles. This problem is probably 
not related to high follicular phase LH levels because, 
after analog suppression in these women, LH levels are 
very close to normal. So we really have no idea what 
causes this high abortion rate. In general, a high abor- 
tion rate is also present when other methods of ovu- 
lation induction are applied to patients with polycystic 
ovarv syndrome. 

Audience. Have you looked at androgen levels in 
the luteal phase in cycles with and without analog 
suppression? 

Dr. Filicori. By the end of the follicular phase and 
throughout the luteal phase of postanalog cycles, an- 
drogen concentrations return to the preanalog levels. 

Audience. You set your dose at 5 wg. Do you think 
that you might have a different response if you adjusted 
the dose on a nanogram per kilogram basis? 

Dr. Filicori. We selected this dose because it is rel- 
atively close to the physiologic dose of 75 ng/kg, as 
reported by Drs. Santoro and Crowley. After analog 
suppression, the dose of GnRH is not very relevant 
because you usually get a slightly long follicular phase 
but no sign of excessive ovarian stimulation. You could 
try higher doses, but you may run into other problems. 
In hypogonadotropic hypogonadism, we have achieved 
good ovulatory response and pregnancy rates, with 
lower multiple conception rates, with the lower dose of 
2.5 wg per bolus. 

Audience. How often have you seen hyperstimula- 
tion in the stimulatory phase of analog treatment? 

Dr. Filicori. We have never had any problem of ex- 
cessive Ovarian stimulation with analog administration. 
You may have some ovarian enlargement, but it will 
not require specific monitoring and usually regresses 
when pituitary suppression is achieved. 


The luteinizing hormone-—releasing hormone pulse generator 
in men: Abnormalities and clinical management 


Alvin M. Matsumoto, MD, Kenneth M. Gross, MD, Carol B. Sheckter, MD, and 
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Seattle, Washington 


Most men with hypogonadotropic eunuchoidism have absent luteinizing hormone ‘and presumably absent 
luteinizing hormone—releasing hormone pulses. Pulsatile luteinizing hormone—releasing hormone therapy 
is effective in restoring normal gonadotropin secretion and testicular function and inducing fertility in 

men with hypogonadotropic eunuchoidism. Furthermore, pulsatile (versus continuous) luteinizing 
hormone-releasing stimulation of the pituitary gland is an absolute requirement for normal gonadotropin 
secretion. Men with idiopathic oligoazoospermia and selective elevation of follicle-stimulating hormone 
levels have slow luteinizing hormone and presumably luteinizing hormone—releasing pulse frequency. 

In these men, pulsatile luteinizing hormone—releasing treatment is effective in decreasing serum 
follicle-stimulating hormone levels, but it is unclear whether spermatogenesis and fertility are improved. 


(Am J OBsTET GYNECOL 1990;163:1743-52.) 
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Secretion of the gonadotropins, luteinizing hormone 
(LH), and follicle-stimulating hormone (FSH) by the 
anterior pituitary gland is controlled by LH-releasing 
hormone (LHRH) secretion from the hypothalamus. 
LHRH is released episodically into the hypophyseal 
portal system and stimulates the pulsatile secretion of 
LH and FSH into the peripheral circulation, which in 
turn regulate gonadal function. 

Because of its short circulating half-life,’ LHRH is 
found in highest concentrations in the hypophyseal 
portal circulation and is difficult to detect in peripheral 
blood, making direct clinical assessment of pulsatile 
LHRH secretion impossible. Studies in experimental 
animals have confirmed that the pattern of pulsatile 
LH secretion into peripheral blood is a very good index 
of episodic LHRH release from the hypothalamus.” * 
Therefore we. and others have used frequent blood- 
sampling studies to characterize LH pulse patterns 
carefully as indexes of eae LHRH pulse— 
generator activity in humans.* 

Two major disorders of LHRH pulse Steet 
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have been identified by comparing the patterns of pul- 
satile LH secretion in these disorders with those of 
normal men: (1) hypogonadotropic eunuchoidism or 
idiopathic hypogonadotropic hypogonadism and (2) 
idiopathic oligoazoospermia with selectively elevated 
serum FSH levels. 


LHRH pulse generator in 
hypogonadotropic eunuchoidism 


Hypogonadotropic eunuchoidism is a heterogeneous 
disorder characterized by failure to undergo normal 
pubertal development (usually by 18 years of age), low 
serum testosterone levels, low or normal serum go- 
nadotropin concentrations, and otherwise normal an- 
terior pituitary functioning.** 

The clinical presentation of hypogonadotropic eu- 
nuchoidism is variable because of differences in the 
onset and severity of the disorder. The hypogonado- 
tropic hypogonadism is often associated with anosmia 
or hyposomia (Kallmann’s syndrome) and other mid- 
line morphologic and functional defects such as cleft 
lip and palate." The mode of inheritance of hypo- 
gonadotropic eunuchoidism is variable.*’? The under- 
lying pathophysiology of the hypogonadotropic hy- 
pogonadism is presumed to be relative deficiency of 
LHRH secretion. 

To characterize the abnormalities in the LHRH pulse 
generator in men with hypogonadotropic eunuchoid- 
ism, frequent blood-sampling studies (e.g., every 10 
minutes for 24 hours) have been performed to define 
the secretory patterns of hypogonadotropic eunuch- 
oidism, which reflect those of LHRH.*° Compared with 
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Fig. 1. LH pulse patterns in a normal man (top) and a man with hypogenadotropic eunuchoidism 
(bottom), as determined on frequent blood sampling studies performed every 10 minutes for 24 
hours. Note the absence of spontaneous LH pulses in the man with hypogonadotropic eunuchoidism. 


normal men who demonstrate LH pulses every 100 to 
120 minutes, the vast majority (more than 90%) of men 
with hypogonadotropic eunuchoidism have no detect- 
able LH pulses during frequent blood sampling (Le., 
an apulsatile pattern” °) (Fig. 1), suggesting absent or 
severely reduced LHRH pulse generation. In other 
men with hypogonadotropic eunuchoidism, decreases 
in LH pulse amplitude or frequency have been re- 
ported,*° suggesting disordered LHRH pulse gener- 
ation. 


LHRH pulse generator in oligoazoospermia with 
selective elevation of FSH levels 


Approximately 5% to 6% of men in the reproduc- 
tive age group are infertile. The majority of infertile 
men have disordered spermatogenesis of unknown 
cause {i.e idiopathic oligoazoospermia). Approxi- 
mately 20% of men with oligoazoospermia have ele- 
vated serum FSH and normal serum LH and testos- 
terone levels.’ | 

Several mechanisms have been proposed to explain 
the selective elevations in FSH relative to LH levels in 
these men, including increased pituitary stimulation by 
a.separate FSH-releasing factor and decreased testic- 
ular production of negative feedback factors, such as 
inhibin'' and/or sex steroids.’?.We and others have 


j 


found evidence for an alternative hypothesis to explain | 


selective elevation of FSH levels (i.e., that the frequency 
of LHRH stimulation of the pituitary gland is capable 
of differentially regulating FSH and LH levels).'* " 

Men with selectively increased FSH levels often dem- 
onstrate a reduced LH pulse frequency compared with 
normal men (Fig. 2). We performed frequent blood 
sampling every 10 minutes for 24 hours to characterize 
LH pulse patterns in a group of five men with elevated 
FSH and normal LH and testosterone levels and seven 
age-matched normal men. Men with selective elevations 
in FSH levels had fewer LH pulses per 24 hours 
(10.6 + 0.5, mean + SEM) than had normal men 
(12.9 + 0.6; p < 0.01), with no significant differences 
in LH pulse amplitude and total and free testosterone 
and estradiol levels.” Other investigators have also 
found a reduced LH pulse frequency in men with se- 
lective elevations in. FSH levels compared with normal 
men." These findings suggest that the frequency of 
LHRH pulse generation is reduced in men with idio- 
pathic oligoazoospermia and selective elevation in FSH 
levels. : . 

' The spermatogenic defect in men with idiopathic oli- 
goazoospermia has been attributed to a primary testic- 


ular disorder. However, there is generally no history of 


known causes of testicular damage, and biopsy speci- 
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Fig. 2. LH pulse patterns in a man with idiopathic oligoazoospermia and selective elevation of serum 
FSH levels (top) and a normal man (bottom), as determined on frequent blood-sampling studies 
performed every 10 minutes for 24 hours. Note the decreased frequency of spontaneous LH pulses 
in the man with oligoazoospermia and selective elevations of FSH levels. 


mens of testes do not demonstrate pathologic correlates 
of injury, such as inflammation or fibrosis.” Therefore 
it is possible that some men with idiopathic oligo- 
azoospermia may have a primary hypothalamic rather 
than testicular disorder, resulting in decreased LHRH 
pulse frequency, selective elevations in FSH levels, and 
disordered spermatogenesis as a result of the altered 
hormonal milieu. We and others are beginning to test 
this hypothesis by determining the effect of long-term 
pulsatile LHRH administration at increased pulse fre- 
quencies on sperm production in men with idiopathic 
oligoazoospermia and selective elevations in FSH levels 
(see below). 


Treatment of hypogonadotropic eunuchoidism 


Most men with hypogonadotropic eunuchoidism 
have deficient hypothalamic LHRH pulse generation, 
resulting in absent pulsatile gonadotropin secretion and 
lack of spontaneous pubertal development. Depending 
on the clinical situation, hypogonadotropic eunuchoid- 
ism may be treated with testosterone, gonadotropins, 
or “physiologic” pulsatile LHRH replacement. 

If pubertal development and normal sexual func- 
tioning are desired but induction of fertility is not an 
issue, treatment of hypogonadotropic eunuchoidism is 
most practically accomplished with testosterone ther- 
apy. A long-acting 178-hydroxy]l ester of testosterone, 
such as testosterone enanthate or cypionate, 100 to 200 
mg intramuscularly every 10 days to 2 weeks, results 
in significant virilization by 4 to 6 months of treat- 
ment.” The development of longer-acting analogs of 
testosterone may reduce the requirement for injections 
to every 3 to 4 months. 


When stimulation of sperm production and induc- 
tion of fertility are desired, gonadotropin or pulsatile 
LHRH therapy is required. Gonadotropin therapy is 
usually initiated with a preparation containing LH-like 
activity alone, such as human chorionic gonadotropin 
(hCG), - 1000 to 3000 units subcutaneously or intra- 
muscularly two to three times weekly for 6 months, to 
stimulate testicular steroidogenesis and induce virili- 
zation.'*'? In some men, treatment with hCG alone may 
also induce spermatogenesis. However, in most men 
with hypogonadotropic eunuchoidism a preparation 
with FSH activity, such as human menopausal gonado- 
tropin, 37.5 to 150 units subcutaneously or intramus- 
cularly two to three times weekly, must be coadminis- 
tered with hCG for another 6 months to 1 year to stim- 
ulate sperm production and induce fertility.'*"° Prior 
testosterone therapy does not alter subsequent testic- 
ular responsiveness to gonadotropin therapy.'* *° 

With the availability of LHRH for clinical use and 
portable, automatic infusion pumps, long-term, phys- 
iologic LHRH-replacement therapy for hypogonado- 
tropic eunuchoidism has become a practical therapeutic 
option for men with hypogonadotropic eunuchoidism. 
In general, low doses (5 to 20 pg) of subcutaneous 
LHRH are administered at a frequency similar to that 
in normal men (i.e., every 2 hours).*?’ Pulsatile LHRH 
administration in men with hypogonadotropic eunuch- 
oidism results in a rapid restoration of pituitary go- 
nadotropin secretion by several weeks of treatment 
(Fig. 3) and normalization of testosterone secretion 
during the initial 3 months of therapy.” Continued 
pulsatile LHRH treatment for several months or 
years can stimulate sperm production and induce fer- 
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Fig. 3. Mean serum LH (top) and FSH (bottom) levels during frequent blood sampling every 20 
minutes for 4 hours in four men with hypogonadotropic eunuchoidism before (left) and after 7 
days of pulsatile LHRH therapy (5 ug subcutaneously every 2 hours). LH and FSH levels are low 
and there are no spontaneous LH pulsations before LHRH therapy. After 7 days of pulsatile LHRH 
treatment, both LH and FSH levels increase into the normal adult male range (8 to 60 ng/ml and 
30 to 230 mg/ml, respectively), and discrete LH pulses follow each LHRH bolus, mimicking a normal 


physiologic LH pulse pattern. 
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Fig. 4. ‘Testicular (top) and gonadotropin (bottom) responses to long-term pulsatile LHRH therapy 
(5 ug every 2 hours for 15 months) in a man with hypogonadotropic eunuchoidism. Fulsatile LHRH 
treatment increases LH, FSH, and testosterone (T) levels into the normal adult male range by 1l 
month and stimulates sperm production by 9 months, resulting in fertility. (From Matsumoto AM, 
Bremner WJ. Bailliere’s Clin.Endocrinol Metab 1987;1:71.) 


tility in men with hypogonadotropic eunuchoidism 
(Fig. 4).2""? The ability of exogenous pulsatile LHRH 
administration to restore pituitary gonadotropin and 
testicular function is consistent with the hypothesis that 
hypogonadotropic eunuchoidism is caused by a defi- 
ciency in LHRH pulse generation. 


Previous studies in hypothalamic-lesioned, LHRH- 
deficient monkeys have demonstrated that a pulsatile 
mode of LHRH administration is absolutely neces- 
sary for normai pituitary gonadotropin secretion, 
whereas continuous administration failed to maintain 
normal gonadotropin levels.” In humans continuous 
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Fig. 5. Mean (+SEM) serum LH by radioimmunoassay (RJA) and bioassay (BA), FSH, RIA, and 
LHRH levels in four men with hypogonadotropic eunuchoidism before (pretreatment) and at the 
end of 1 week each of continuous and pulsatile LHRH infusions (10 wg every 2 hours). Compared 
with pretreatment values, serum LH-RIA levels (sold bars, A) increased significantly during both 
continuous and pulsatile LHRH treatment. However, compared with pretreatment levels, LH-BA 
(hatched bars, A) and FSH-RIA (B) were not significantly different during the continuous regimen 
but did increase significantly during pulsatile LHRH administration. LHRH concentrations (C) were 
similar during the continuous and pulsatile regimens. *p < 0.05, compared with pretreatment values. 
(From Matsumoto AM, Gross KM, Bremner WJ. The physiological significance of pulsatile LHRH 
secretion in man: gonadotropin responses to physiological doses of pulsatile versus continuous LHRH 
administration. Int J Androl [in press]. Copyright 1990 by Scriptor Publisher ApS, Copenhagen.) 


administration of markedly supraphysiologic LHRH 
doses*** or treatment with very potent, long-acting 
LHRH agonistic analogs” initially stimulates and then 
suppresses LH and FSH secretion. However, it was not 
known whether continuous administration of lower, 
more physiologic doses of LHRH (i.e., dosages known 


to be effective in restoring testicular function when 
given in a pulsatile manner) could stimulate normal 
pituitary gonadotropin secretion in humans. 

To assess the physiologic significance of pulsatile 
LHRH stimulation of the pituitary gland, we compared 
the gonadotropin responses to a physiologic dose of 
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Fig. 6. Serum LH levels during frequent blood sampling every 10 minutes for [2 hours in a man 
with idiopathic oligoazoospermia and selective elevation of FSH levels before (control) and 1 and 6 
months after pulsatile LHRH therapy (5 pg every 90 minutes). Arrows indicate the timing of LHRH 
pulses delivered by an automatic, portable infusion pump. Note that long-term pulsatile LHRH 
treatment increased the LH pulse frequency and mean LH levels while decreasing mean FSH levels. 


LHRH administered in pulsatile versus continuous pat- 
tern in four men with hypogonadotropic eunuchoid- 
ism.” These men stopped hormone treatment for 5 to 
6 weeks before being studied (pretreatment) and then 
were treated with LHRH, 5 ug subcutaneously every 2 
hours for | week, to prime pituitary responsiveness. 
After this period of LHRH priming, each man received 
the same physiologic dose (10 pg) subcutaneously every 
2 hours in a pulsatile fashion for | week and as a con- 
tinuous infusion for ] week, in varying order. Frequent 
blood sampling for LH, FSH, and LHRH was per- 
formed every 20 minutes for 4 hours during the pre- 
treatment period and at the end of each LHRH regi- 
men. We found that pulsatile LHRH administration in 
a physiologic dose stimulated normal pituitary LH and 
FSH secretion (Fig. 5). In contrast, continuous LHRH 
infusion of the same physiologic LHRH dose increased 
immunoreactive LH levels but did not stimulate bioac- 
tive LH levels or FSH levels above pretreatment values 
(Fig. 5). Serum LHRH (Fig. 5), testosterone, and es- 
tradiol levels were comparable during the pulsatile and 


continuous infusions. These results demonstrate that a 
pulsatile versus continuous LHRH signal is an absolute 
requirement for normal pituitary gonadotropin secre- 
tion in men. Therefore, they suggest that low-dose con- 
tinuous LHRH administration is unlikely to stimulate 
normal testicular function. 


Treatment of men with cligoazoospermia who 
demonstrate selective elevations of FSH levels 


Infertile men with idiopathic oligoazoospermia and 
high serum FSH levels are considered to have irre- 
versible seminiferous tubular damage. Many therapeu- 
tic modalities have been tried but have been uniformly 
unsuccessful in improving sperm production and fer- 
tility in these men. However, compared with normal 
men, men with idiopathic oligoazoospermia and selec- 
tive elevation of FSH levels demonstrate a decreased 
frequency of spontaneous LH pulses. This raises the 
possibility that some of these men may have a primary 
abnormality of hypothalamic LHRH pulse generaczion. 
We hypothesized that the disordered spermatogenesis 
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in these men may be a consequence of the altered hor- 
monal milieu induced by the abnormally slow LHRH 
pulse frequency, and LHRH administration at more 
rapid pulse frequencies may reduce FSH levels and 
improve sperm production. 

As an initial test of this hypothesis, we have shown 
that short-term administration of LHRH at increasing 
pulse frequencies results in a progressive decrease in 
serum FSH levels into the normal range, without sig- 
nificant changes in serum LH, testosterone, and estra- 
diol levels.* Similar findings have been reported by 
others.” 

The effects of LHRH on LH and FSH levels in our 
study are consistent with previous work in animals***? 
and men, %33 which has shown that increasing the 
LHRH pulse frequency leads to more rapid LH pulses 
but lower mean FSH levels. Conversely, slowing the 
LHRH pulse frequency led to slower LH pulses and 
higher FSH levels. This finding of a differential effect 
of LHRH pulse frequency on LH and FSH levels has 
been extended by more recent work in animals dem- 
onstrating selective control of gonadotropin subunit 
gene expression by the frequency of pulsatile LHRH 
stimulation.” 

To test further the hypothesis that reduced LHRH 
pulse frequency may cause or contribute to the sper- 
matogenetic defect in men with idiopathic oligoazoo- 
spermia and selective elevation of FSH levels, we tested 
the effects of more prolonged (6 to 12 months) ad- 
ministration of pulsatile LHRH at a relatively rapid 
pulse frequency. l 

In this preliminary study we studied seven men with 
idiopathic oligoazoospermia (with mean sperm concen- 
trations on three to six specimens during 3 months of 
less than 20 million/ml), elevated FSH levels (normal 
range 30 to 230 ng/ml), and normal LH and testos- 
terone levels (8 to 60 ng/ml and 2.8 to 10.0 ng/ml, 
respectively). All subjects were infertile for more than 
l year but were otherwise healthy as determined by 
history and physical examination. None had known pri- 
mary testicular disease and testis size ranged from 15 
to 25 ml. 

After a 3-month control period during which no hor- 
mones were administered, subjects began a 6-month 
treatment period throughout which they received 
LHRH, 5 pg subcutaneously every 90 minutes, into the 
abdominal wall by a portable automatic infusion pump 
(Zyklomat; Ferring Laboratories, Suffern, N.Y.). In two 
men pulsatile LHRH treatment at the same dosage was 
continued for 12 months. At the end of the treatment 
period, LHRH was discontinued and subjects were fol- 
lowed up for an additional 3 months (recovery period). 

Throughout the entire study, seminal fluid analy- 
ses” were performed every 2 weeks on semen samples 
obtained by masturbation after 48 hours of abstinence 
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from ejaculation. Frequent blood sampling for LH and 
FSH levels by radioimmunoassay* * was performed 
every 10 minutes for 12 hours at the end of the control 
period, after 1 and 6 months of treatment, and at the 
end of the recovery period; testosterone and estradiol 
levels were measured by radioimmunoassay” in single 
samples at the beginning of the frequent sampling stud- 
ies (7:00 to 9:00 Am). 

During the control period, all subjects demonstrated 
a slow spontaneous LH pulse frequency typical of this 
group of patients. After 1 and 6 months of LHRH 
treatment, 5 pg every 90 minutes, LH pulse frequency 
increased and the LH patterns in all men were directly 
related to the activity of the LHRH pump ( Fig. 6). After 
exogenous LHRH was discontinued, LH pulse fre- 
quency reverted to the typically slower frequency ex- 
hibited in the control period. 

Compared with control levels (41 + 4 ng/ml), LH 
levels increased significantly after 1 and 6 months of 
LHRH treatment (70 + 7 and 70 + 13 ng/ml, respec- 
tively; both p < 0.05). Three months after discontin- 
uation of LHRH, LH levels decreased to 35 +5 
ng/ml and were comparable to control values. During 
the control period, FSH levels (311 + 25 ng/ml) were 
considerably higher than the upper limit of the normal 
range for men. FSH levels decreased after 1 and 6 
months of LHRH treatment to 236 + 30 and 264 + 52 
ng/ml, respectively (borderline significance, p < 0.09), 
and rose to near control values (300 + 42 ng/ml) in 
the recovery period. 

Testosterone levels increased from 3.9 + 0.2 ng/ml 
during the control period to 4.6 + 0.7 and 5.4 + 0.7 
ng/ml after | and 6 months of LHRH treatment, re- 
spectively. Three months after LHRH therapy was 
completed, testosterone levels decreased to 3.3 + 0.3 
ng/ml. During the control period, estradiol levels were 
26 + 4 pg/ml, rose to 47 + 5 pg/ml and 52 + 9 
pg/ml after 1 and 6 months of LHRH treatment, re- 
spectively, and then decreased to 35 + 9 pg/ml at the 
end of the recovery period. 

Before the LHRH treatment, five of seven men had 
azoospermia. No sperm appeared in the ejaculates of 
the subjects with azoospermia at any time during the 
study period. One man with control sperm counts of 
0.6 to 7.0 million/ml remained severely oligospermic 
and infertile during LHRH therapy. The final subject 
had less severe oligospermia at baseline (sperm counts 
2.0 to 26.2 million/ml). Although sustained improve- 
ment in his sperm counts during pulsatile LHRH treat- 
ment (2.8 to 37.4 million/ml) could not be established, 
this man impregnated his wife after 3 months of LHRH 
therapy. In two men, continuing LHRH therapy for as 
long as 12 months did not improve sperm production. 

Our preliminary results demonstrate that the long- 
term administration of exogenous LHRH to men with 
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idiopathic oligoazoospermia with a more rapid physio- 
logic pulse frequency can reliably increase their LH 
pulse frequency and decrease their mean serum FSH 
levels, but we were unable in these studies to demon- 
strate an improvement in sperm production. 

Recently Bals-Pratsch et al.** reported results of long- 
term pulsatile LHRH therapy in nine men with idio- 
pathic oligoazoospermia with elevated serum FSH 
levels that were similar to our findings. Six men with 
severe oligospermia (sperm counts <5 million/ml) and 
three men with azoospermia received the same LHRH 
dosage regimen that we used in our study (i.e., 5 ug 
subcutaneously every 90 minutes) by a portable infu- 
sion pump for 24 weeks. Despite lowering serum FSH 
levels, pulsatile LHRH treatment did not result in any 
improvement of sperm count or other seminal fluid 
parameters. 

However, other groups have reported a stimulatory 
effect of long-term pulsatile LHRH treatment in men 
with oligospermia with elevated FSH levels. Wagner 
and von zur Mühlen” found that in some men with 
severe oligospermia (sperm counts <10 mullion/ml) 
and elevated serum FSH levels, pulsatile LHRH ther- 
apy (4 wg every 129 minutes) for 6 to 12 months in- 
creased progressively motile sperm density. 

Recently Aulitzky et al.*° determined the effect of 
long-term pulsatile LHRH treatment in men with vary- 
ing degrees of oligospermia, elevated serum FSH levels, 


and slow spontaneous LH pulse frequency. Subjects 


were grouped according to the severity of their sper- 
matogenic defect, based on the SPT score (number of 
type A, spermatogonia per tubule square) and sperm 
density. Group 1, with the least testicular damage, had 
SPT scores of 1.0 or greater and sperm densities of 1 
to 20 (8.84 + 4.0) million/ml, group 2 had SPT scores 
of 0.25 to 1.0 and sperm densities of 1 to 20 
(3.38 + 1.75) million/ml, and group 3, with the most 
severe spermatogenic dysfunction, had SPT scores 
less than 0.25 and sperm densities of less than 1 
(0.65 + 0.31) million/ml. Administration of pulsatile 
LHRH (4 pg every 120 minutes) for a period of 6 
months significantly increased sperm density (with 
three pregnancies) and serum LH levels and decreased 
serum FSH levels in men with less severe degrees of 
spermatogenic damage (i.e., groups 1 and 2). In con- 
trast, men with severe testicular damage (group 3) 
failed to show significant changes in sperm density or 
FSH levels. 

These results of Aulitsky et al. suggest that some men 
with idiopathic oligospermia and selective elevations in 
FSH levels may benefit from pulsatile LHRH treat- 
ment. Furthermore, they suggest that baseline assess- 
ment of the severity of the spermatogenic disorder 
(e.g., by SPT scores) may be useful in selecting patients 
who are more likely to respond to therapy. These find- 


November 1990 
Am J Obstet Gynecol 


ings may also help to explain why we and Bals-Pratsch 
et al., who studied men with severe spermatogenic 
dysfunction, failed to show a stimulatory effect of pul- 
satile LHRH therapy on sperm production. 

None of the studies investigating pulsatile LHRH 
treatment of men with idiopathic oligoazoospermia in- 
cluded placebo-treated control subjects. Because sperm 
counts exhibit marked within-individual fluctuations in 
men with oligospermia, such controls are essential in 
determining whether pulsatile LHRH therapy indeed 


-has a stimulatory effect on spermatogenesis. Because 


no other therapeutic options exist, the use of pulsatile 
LHRH therapy for men with idiopathic oligospermia 
and selective elevations of FSH levels deserves to be 


‘evaluated critically in formal double-blind, placebo- 


controlled clinical trials. Pulsatile LHRH treatment is 
the only promising new therapeutic modality on the 
horizon for this common and, at the present time, un- 
treatable disorder. 

In summary, using frequent measurement of blood 


_ LH levels to reflect episodic LHRH release, two major 


disorders of the LHRH pulse generator have been 
characterized in men: (1) men with hypogonadotropic 
eunuchoidism, most of whom lack detectable LH pulses 
and presumably have LHRH deficiency, and (2) men 
with idiopathic oligoazoospermia with selective eleva- 
tions in serum FSH levels many of whom demonstrate 
decreased spontaneous LH pulse frequency, presum- 
ably as a result of slowed LHRH pulse generation. 

In men with hypogonadotropic eunuchoidism long- 
term low-dose (physiologic) pulsatile LHRH adminis- 
tration is effective in restoring normal pituitary gonad- 
otropin and testicular steroid and sperm production. 
In contrast, continuous administration of a physiologic 
LHRH dosage, although increasing immunoreactive 
LH levels, does not stimulate bioactive LH levels or FSH 
levels. Therefore a pulsatile LHRH stimulus pattern is 
an absolute requirement for normal pituitary gonad- 
otropin secretion in men, ard long-term low-dose con- 
tinuous LHRH treatment is unlikely to stimulate nor- 
mal testicular function. 

In men with idiopathic oligoazoospermia and selec- 
tive elevation of FSH levels, long-term pulsatile LHRH 
administration is effective in decreasing serum FSH 
levels. However, the efficacy of LHRH treatment in 
stimulating spermatogenesis and improving fertility in 
these men is unclear. Because this therapeutic modality 
holds promise as a useful treatment for a common, 
presently untreatable disorder, it deserves further for- 
mal clinical investigation. 
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Discussion 


Audience. In your study of men with low sperm 
count, did you characterize motility, function, and mor- 


phology? 
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Dr. Matsumoto. The few individuals we have studied 
had a varying spectrum of motility. Most of them had 
normal motility. According to an in vitro assay of sperm 
function, the zona-free hamster ova sperm penetration 
test, the majority of these men had low-normal to re- 
duced sperm penetration. Many have had abnormali- 
ties in morphology as well. Nene of the individuals had 
varicoceles and, from what we could derive from their 
histories, none had exposure to any testicular toxins. 

Audience. Were you able to document any morpho- 
logic change in sperm during the course of therapy 
with gonadotropin-releasing hormone? 

Dr. Matsumoto. We do not have a sufficient number 
of individuals who have been treated long term from 
which to draw any firm conclusions. 
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Men with idiopathic hypogonadotropic hypogonad- 
ism fail to undergo puberty because of a deficiency 
in the endogenous secretion of the hypothalamic 
gonadotropin-releasing hormone (GnRH). Episodic 
discharge of GnRH appears to be the central event in 
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the initiation of puberty. In GnRH deficiency, second- 
ary sex characteristics fail to develop normally, and pre- 


. pubertal gonadotropin’ and testosterone levels persist 


into adult life.’ 


Clinical patterns of GnRH deficiency 


There are several lines of evidence that indicate the 
existence of a number of different forms of idiopathic 
hypogonadotropic, hypogonadism. These include dif- 
ferent modes of inheritance, the inconsistent associa- 
tion of other anomalies, and varying degrees of sexual 
development and responsiveness to GnRH testing in 
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men with idiopathic hypogonadotropic hypogonadism. 
The occasional development of idiopathic hypogonad- 
otropic hypogonadism after puberty suggests that it 
may also occur as an acquired disorder. There appears 
to be greater variability therefore in clinical and neu- 
roendocrine presentation than is generally realized.” ° 
This is largely the result of varying degrees of GnRH 
deficiency.’ . 

The most common clinical presentation is the com- 
plete absence of pubertal development with minimal 
testicular growth.’ Serum luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), and plasma tes- 
tosterone levels are usually below the normal male 
range. A more severely affected subgroup of these pa- 
tients has anosmia, microphallus, and incompletely de- 
scended testes with serum gonadotropin levels at or 
below assay detection limits.? This has frequently been 
called the Kallmann’s syndrome, and genetic associa- 
tion with color blindness, anosmia, synkinesis, and men- 
tal defect has been described.* GnRH secretion may 
have been deficient in utero in the more severely af- 
fected group, to the extent that testosterone production 
was stimulated by maternal chorionic gonadotropin 
alone.” 

An uncommon subset of men with isolated GnRH 
deficiency has a history of normal puberty and partial 
sexual development, but it has a subsequent decrease 
in libido and infertility. Hypogonadotropic hypogo- 
nadism usually develops between the ages of 20 and 35 
years, with testicular volume near or within the normal 
adult range and biopsy evidence of normal spermato- 
genesis. Apparently these men have either a partial or 
acquired form of idiopathic hypogonadotropic hypo- 
gonadism.”* 

The so-called “fertile eunuch” syndrome represents 
still another subset of patients in which GnRH defi- 
ciency is incomplete. There appears to be sufficient 
secretion of GnRH and resultant gonadotropin output 
to stimulate spermatogenesis and some testicular 
growth: There is a marked deficiency of androgen pro- 
duction, however, and a virtual absence of mature Ley- 
dig cells. Gonadotropin secretion is inadequate to stim- 
ulate Leydig cell production of testosterone required 
for full virilization.* Plasma FSH concentrations are in 
the normal adult. male range, but LH levels are low. 


Genetic considerations 


Several studies have described kindreds with GnRH 
deficiency compatible with an autosomal-dominant or 
an autosomal-recessive mode of inheritance. In our ex- 
perience with 120 consecutively studied patients, how- 
ever, the majority of cases were sporadic.’ 

The defect in idiopathic hypogonadotropic hypo- 
gonadism appears to occur at a suprapituitary level and 
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Table I. Pulse characteristics in normal men* 



















Pulse Amplitude 
criteria Frequency (mU/ml 
(mU/ ml) (pulses/24 hr) second IRP) 





=) 12.6 + 1.0 94+ 0.9 
>2 12.0 + i.l 9.7 + 0.9 
>3 10.9 + 1.0 10.8 + 0.8 


Modified from Crowley WF Jr, et al. Recent Prog Horm 
Res 1985;41:473. - 


IRP, International Reference Preparation. 


*The characteristics of pulsatile LH secretion in 15 normal 
men sampled at 10-minute intervals. For identification, a pulse 
was required to exceed an amplitude of 1, 2, or 3 mU/ml and 
to consist of at least two consecutive points. 


to involve mechanisms that regulate GnRH synthesis 
and release. A plausible basis for such a defect would 
be an absent. or abnormal GnRH gene. 

Yang-Feng et al.’ recently isolated the gene-encoding 
biosynthesis of GnRH and localized it to the short arm 
of chromosome 8. The structure of this gene was stud- 
ied in 13 patients (11 men and 2 women) with clinically 
and biochemicaly documented idiopathic hypogonad- 
otropic hypogonadism. No deletions or major rear- 
rangements of the gene could be identified. 

Smaller, more subtle defects within the gene remain 
a possibility. Definite exclusion of point mutations will 
require cloning and sequencing the gene from a num- 
ber of affected individuals. 

Alternatively, genetic lesions outside the GnRH locus 
may form the basis for GnRH deficiency in idiopathic 
hypogonadotropic hypogonadism. Such a lesion might 
produce a defect in the GnRH-producing neurons or 
abnormalities in the neural pathways that control 
GnRH secretion. 

Studies in animals’ have demonstrated that GnRH- 
producing neurons originate embryologically in the 
embryonic olfactory placode outside the brain. During 
fetal development, they migrate to their adult locations 
in the hypothalamus and the olfactory tract. Defects in 
the pathways regulating this migration could account 
for the absence of GnRH secretion, as well as the an- 
osmia observed in many patients with idiopathic hy- 
pogonadotropic hypogonadism.’ | 


Differential diagnosis 

Before making the diagnosis of idiopathic hypogo- 
nadotropic hypogonadism, it is important to rule out 
the more common hypogonadotropic states caused by 
a mass lesion of the hypothalamic-pituitary area. Mag- 
netic resonance imaging or computed tomography 
should be an initial step in the workup of all patients 
with idiopathic hypogonadotropic hypogonadism. The 
diagnosis of isolated GnRH deficiency can only be made 
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Table II. Characteristics of subgroups of men with IHH 












No. of patients 










LH 
(mU imi)” 


FSH 
(mU Imi)" 


Testicular 
volume (mi) 


Testosterone 
(ng! dl) 


Apulsatile 
—Hx Pub 17 15 1:7 = 0.37 2T Æ 02F 50 + 4f 3.3 + 0:5F 
+ Hx Pub 0 10 1.4 + 0,2+ 2.3 + 0.44 64 + OF 13.3 + 1.94 
Developmental 0 3 4.9 + 0.6§ 4.5 + 2.4§ 94 + 13+ 10.5 + 2.3t 
arrest 
Decreased amplitude l 3 1.6 + 0.5} 4.0 + 0.5 50 + 12 5.6 + 1.99 
Normal men 0 20 8.9 + 1.1 6.7+ 1.3 635 + 44 20 + 1.0 


Modified from Spratt DI, Carr DB, Merriam JR, Scully RE, Narasimha Rao P, Crowley WF Jr. The spectrum of abnormal 
patterns cf gonadotropin-releasing hormone secretion in men with idiopathic hypogonadotropic hypogonadism: clinical and 
laboratory correlations. J Clin Endocrinol Metab 1987;64:283. 


Values are the mean + SE. 


A, With anosmia; $, without anosmia; Hx Pub, history of partial or complete puberty. 


*Second International Reference Preparation. 
tp < 0.001 compared with normal men. 


tp < 0.01 compared with men with IHH with no detectable LH pulses or history of spontaneous puberty. 
$p < 0.05 compared with men with IHH with no detectable LH pulses or history of spontaneous puberty. 


lp < 9.C1 compared with normal men. 
{p < 0.05 compared with normal men. 


in the presence of otherwise normal pituitary function 
and the absence of any anatomic defect. — 


GnRH secretion in normal men 


Driven by the episodic discharge of GnRH, LH is 
secreted in a pulsatile fashion in men. LH then acts to 
stimulate production of testosterone by the Leydig cell. 

Testosterone acts as the primary hormonal signal 
regulating secretion of LH in men. It exerts its effect 
predominantly through negative feedback at the level 
of the central nervous system and slows the frequency 
of pulsatile GnRH discharge. This in turn reduces pul- 
satile LH secretion. Testosterone may also exert a mi- 
nor negative feedback effect at the anterior pituitary 
gland, but this is quantitatively less important. 

Two features unique to neuroendocrine systems 
complicate the direct measurement of GnRH secretion. 
One is the intermittent mode of secretion of releasing 
factors and their evanescent character. GnRH, in par- 
ticular, has a half-life of only 2 to 4 minutes. The second 
obstacle is the nature of the closed blood supply linking 
the central nervous system to the anterior pituitary 
gland; only a very small fraction of the GnRH secreted 
from the hypothalamus ever leaves this limited ana- 
tomic space. Thus GnRH levels in the peripheral cir- 
culation are very low. As a result of these difficulties, 
we have used monitoring of LH pulsations as an in- 
direct assessment of GnRH secretion. 

GnRH secretion was studied by LH pulsation mon- 
itoring in 15 men (aged 18 to 35 years) with a normal 
'- history of sexual development, normal testicular size, 
and normal seminal fluid analysis.° Gonadotropin levels 
were sampled at 10-minute intervals during a 24-hour 


period. A range of LH pulse frequencies varying from 
7 to 17 pulses per 24 hours was observed. Pulse am- 
plitudes and frequencies varied slightly, depending on 
the pulse criterion employed (Table I). Such data are 
used for construction of pkysiologically based pro- 
grams of exogenous GnRH therapy.’ 

A predominant clustering of the LH pulses during 
sleeping hours reflects a pattern of GnRH secretion 
characteristic of puberty that was formerly thought to 
occur only at that time of life.” During repeated studies, 
however, this pattern appeared to be a reproducible 
finding in some of our normal subjects.® 


Physiology of GnRH in idiopathic 

hypogonadotropic hypogonadism 

The genetic, clinical, and biochemical heterogeneity 
of various subgroups of men with idiopathic hypogo- 
nadotropic hypogonadism noted above was suggestive 
of significant variability in the patterns of GnRH se- 
cretion and degree of GnRH deficiency. To test this 
hypothesis, the patterns of GnRH-induced gonadotro- 
pin secretion were characterized in 50 consecutive men 
with idiopathic hypogonadotropic hypogonadism and 
compared with those in 20 normal men.’ 

Patterns of pulsatile LH secretion were classified into 
three broad groups: (1) apulsatile pattern (no detect- 
able gonadotropin pulses), (2) developmental-arrest 
pattern (LH pulsations occurring predominantly dur- 
ing the night), and (3) decreased-amplitude pattern 
(LH pulsations of decreased amplitude occurring day 
and night). Based on histories, physical examinations, 
and testicular biopsy findings, these groups were fur- 
ther divided into subsets (Table II). 
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Of the 50 men with idiopathic hypogonadotropic hy- 
pogonadism, 42 had an apulsatile pattern with no de- 
tectable LH or FSH pulsations. One subset of this group 
with apulsatile patterns (n = 32; aged 18 to 58 years) 
recalled no history of puberty, had a mean testicular 
volume of 3.3 + 0.5 ml, and had testicular biopsy spec- 
imens revealing seminiferous tubules with a prepuber- 
tal appearance. Seventeen men in this subset had an- 
osmia, and four had microphallus and incompletely 
descended testes with volumes of 1 to 2 ml. Serum 
gonadotropin levels were generally undetectable in 
these four men. 

A second subset of men with apulsatile patterns 
(n = 10; aged 18 to 39 years) had a history of partial 
or complete sexual maturation with subsequent isolated 
idiopathic loss of sexual function. Of the three patients 
with histories of having normal children, one had pre- 
viously fathered two children and the other two had 
isolated losses of potency and libido. In three of the 
men with histories of only partial puberty, testicular 
biopsy specimens demonstrated prepubertal histologic 


findings in the first, arrest of spermatogenesis in the — 


second, and mature spermatogenesis in the third. All 
10 of these men had an intact sense of smell, and none 
had microphallus or undescended testes. Mean pooled 
serum LH and FSH values were similar to those in the 
subset with no history of spontaneous puberty (Table 
II). 

Three men (aged 18 to 24 years) had the 
developmental-arrest pattern of detectable LH pulsa- 
tions predominantly during the night. One of these 
patients related the onset of puberty between the ages 
of 15 and 16 years. This was characterized by sponta- 
neous daytime erections, minimal ejaculations, in- 
creased libido, and weekly shaving by age 17 years. 
There was no progression or decline thereafter. The 
other two patients recalled no pubertal symptoms. Se- 
rum LH and FSH values in these patients were within 
the lower range of normal and were significantly 
greater than those in patients with apulsatile patterns 
(Table IT). 

The decreased-amplitude pattern was seen in four 
men (aged 24 to 41 years). These patients had LH 
pulsations of abnormally low amplitude during both 
sleeping and waking hours. ‘Their mean pulse ampli- 
tude was 0.8 + 0.1 mU/ml (LER 907), which was sig- 
nificantly lower than the mean value in normal subjects 
(1.8 + 0.2 mU/ml; p < 0.005). Three brothers who 
were in this group had an intact sense of smell, testic- 
ular volumes of 3 ml or less, and mean pooled serum 
testosterone levels of 34 + 5 ng/dl. The fourth man 
had anosmia with testicular volumes of 12 and 15 ml 
and a serum testosterone level of 99 ng/dl. Serum LH 
and FSH levels in this group of patients were signifi- 
cantly below the normal range. 
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Fig. 1. Mean levels (+ SE) of LH, FSH, and testosterone in six 
men with idiopathic hypogonadotropic hypogonadism. The 
dosage of GnRH during 3 months of administration was 25 
ng/kg given subcutaneously every 2 hours. The shaded areas 
represent the range of normal values in men. The values for 
weeks 6 and 9 represent those in five of the patients, and the 
values for week 13 represent those in four patients. (Reprinted 
by permission of N Engl J Med 1982;307:1237.)- 


The remaining patient was difficult to classify. The 
amplitude and frequency of his GnRH-induced go- 
nadotropin pulsations appeared to be normal. His se- 
rum LH value, however, was biologically inactive when 
tested in the dispersed rat Leydig’s cell assay. Appar- 
ently the defect was the secretion of a biologically in- 
active LH molecule.” ° 

We had previously reported two brothers with a rel- 
atively slow frequency of LH pulsations. They had se- 
vere gynecomastia and serum testosterone levels inter- 
mittently below the normal range.’ The spectrum of 
GnRH secretory abnormalities seen in idiopathic hy- 
pogonadotropic hypogonadism therefore includes a 
complete absence of LH pulses, as well as disorders of 
amplitude and frequency, a pubertal arrest pattern, 
and the presence of bioinactive LH secretion. 


Treatment with GnRH 


Isolated GnRH deficiency has been treated by intra- 
venous or subcutaneous pulsatile administration of 
GnRH. Results have been uniformly positive in terms 
of normalizing gonadotropin and testosterone levels. 
Most patients have had successful stimulation of pu- 
berty and normal virilization. 

Intravenous administration produces the most phys- 
iologic GnRH pulse contour and ensuing LH response. 
The circumstances in which long-term intravenous 
maintenance is feasible, however, are obviously limited. 
Therefore subcutaneous administration with a_pro-~ 


grammable peristaltic infusion pump is the preferred 3 BES 


route. J U2" 
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Fig. 2. Pituitary and gonadal responses of subjects with idiopathic hypogonadotropic hypogonadism 
before and after long-term GnRH administration. In the sole subject whose serum testosterone level 
did not normalize an antibody to GnRH developed before completion of his sexual maturation. The 
shaded areas indicate normal ranges for men and the hatched bars represent mean values for 14 
patients. IRP, International Reference Preparation. (Modified from Crowley WF Jr, et al. Recent 


Prog Horm Res 1985;41:473.) 


Administration of GnRH every 2 hours simulates the 
normal secretion of the endogenous hormone. This 
frequency of administration has been shown to be ef- 
fective in GnRH-deficient men. An increase or decrease 
in frequency of administration results in deviations 
from the normal levels of both gonadotropin and tes- 
tosterone. Individual GnRH dosage requirements are 
quite variable, ranging from 25 to 600 ng/kg in each 
bolus. Required dosage correlates positively with body 
weight and negatively with initial testicular volume. 

The response of patients’ serum testosterone and go- 
nadotropin levels to GnRH administration and the rate 
of testicular growth should be monitored closely at 2- 
to 4-week intervals during long-term therapy. Even- 
tually, regular seminal analyses should be performed. 
Most patients will require treatment for a minimum of 
2 years to maximize testicular growth and achieve sper- 
matogenesis. 

A 100% success rate in stimulating pituitary gonad- 
otropin output and testicular steroid secretion was ob- 
served in a series of 51 consecutive men with GnRH 
deficiency from the Massachusetts General Hospital. 
In a pilot study with six patients with idiopathic hy- 
pogonadotropic hypogonadism,’ mean serum LH val- 
ues peaked during the fifth week of treatment at 
4.80 + 0.89 mU/ml and declined into the high-normal 
range by the seventh week. The decrease was caused 
by negative feedback inhibition by the sex steroids. 


Mean FSH levels increased to 4.77 + 0.81 mU/ml by 
week 2 and remained elevated during most of the first 
3 months. By the end of the first week, mean serum 
testosterone levels rose to the adult range and remained 
elevated for the first 3 months (Fig. 1). 

The final pituitary and gonadal responses achieved 
in'a group of patients with idiopathic hypogonado- 
tropic hypogonadism receiving long-term replacement 
therapy with GnRH in doses ranging from 25 to 200 
ng/kg are shown in Fig. 2. Only one patient failed to 
achieve a normal pituitary and gonadal response. An 
antibody to GnRH developed in this man before he 
could attain full.sexual maturity. Changes in secondary 
sex characteristics induced by this regimen are shown 
in Table HI. 

Fig. 3 shows the testicular growth response in 17 
patients recently treated for a minimum of 24 months 
with a pulsatile GnRH regimen that was adjusted to 
normalize both gonadotrop:n and testosterone secre- 
tion. Patients with larger initial gonadal size generally 
have the most rapid testicular growth. Individual pa- 
tients with smaller initial gonadal size, however, can also 
achieve normal testicular volume.’ 

Spermatogenesis was induced successfully in 34 of 
51 GnRH-deficient men who submitted samples for - 
analysis during long-term GnRH therapy. Of the re- 
maining 17 patients, two had severe cryptorchidism 
and failed to achieve significant testicular growth with 
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Table II. Symptomatic changes in 14 
men with IHH during prolonged 
GnRH administration 


22 7 

* Libido and potency 14/14 100 
T Spontaneous erections 14/14 100 
t Testicular size 13/14 93 
Appearance of an ejaculate - [1/14 79 
* Facial hair 9/14 64 
| Voice 9/14 64 
Appearance of mature 7/il 64 


sperm in ejaculate 


Modified from Crowley WF Jr, et al. Recent Prog Horm 
Res 1985;41:473. 


GnRH, three discontinued treatment before significant 
growth of the testes, three had azoospermia after 8 to 
18 months of therapy, three failed to submit specimens 
for analysis, and six had been receiving therapy less 
than 6 months. 

The time required for appearance of sperm in the 
ejaculate ranged from 18 to 139 weeks after initiation 
of therapy and was mainly a function of the size of the 
pretherapy gonad. Testicular size presumably reflected 
the degree of seminiferous tubular maturation. Other 
factors correlating positively with induction of sper- 
matogenesis included duration of therapy, adequacy of 
dosage, patient compliance, and the absence of crypt- 
orchidism. 

Variability of sperm counts as a function of testicular 
size is illustrated in Fig. 4. Note that it is uncommon to 
see spermatogenesis with a testicular volume of less 
than 8 ml. High counts may be seen in patients with 
smaller testes, however, and low counts may be seen in 
those with larger testes. This emphasizes the need 
for close monitoring and careful individualization of 
therapy.’ 

It is important to recognize that patients treated with 
GnRH have excellent fertility potential, in spite of sub- 
normal sperm counts. Nine of our GnRH-deficient pa- 
tients who were seeking fertility fathered eight chil- 
dren. Sperm counts immediately preceding the time of 
conception ranged from | to 68 million/ml, and 75% 
of conceptions occurred at less than 15 million/ml. The 
one man who desired fertility and failed to impregnate 
his wife had a past history of cryptorchidism. 

‘In summary a broad spectrum of abnormal GnRH 
secretory patterns that underlie idiopathic hypogonad- 
otropic hypogonadism in men has been described. 
These patterns range from total absence of GnRH se- 
cretion through arrested pubertal development to id- 
iopathic loss of GnRH secretion after puberty has been 
completed. The various subsets of idiopathic hypogo- 
nadotropic hypogonadism may be ideal for studying 
the role of the hypothalamic-pituitary-gonadal axis in 
control of reproduction. 
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Testicular Volume (mL) 





Months of Therapy 


Fig. 3. Testicular growth response of 17 patients with idio- 
pathic hypogonadotropic hypogonadism treated with pulsatile 
GnRH. The numbers in parentheses represent the number 
of individuals with that testicular volume after 24 months of 
pulsatile GnRH therapy. (Modified from Whitcomb RW, 
Crowley WF Jr. Clinical review 4: diagnosis and treatment of 
isolated gonadotropin-releasing hormone deficiency 1n men. 
J Clin Endocrinol Metab 1990;70:3.) 
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Fig. 4. Results of 128 seminal analyses in patients with idio- 
pathic hypogonadotropic hypogonadism before and during 
GnRH therapy as a function of testicular volume. Of 28 sam- 
ples without sperm, 20 were from patients with testicular voi- 
umes less than 9 ml. Modified from Whitcomb RW, Crowley 
WF Jr. Clinical review 4: diagnosis and treatment of isolated 
gonadotropin-releasing hormone deficiency in men. J Clin 
Endocrinol Metab 1990;70:3. 


Patients with incomplete development of the GnRH 
secretory pattern may be important models for study- 
ing hypothalamic and suprahypothalamic factors influ- 
encing GnRH secretion. On the other hand, patients 
with no evidence of GnRH secretion provide a unique 
human model for studying the physiology of GnRH 
stimulation of the anterior pituitary gland through 
therapeutic administration of exogenous hormone. 
The information derived can make an important con- 
tribution toward greater understanding of the patho- 
physiology of male reproductive disorders. It may 
eventually help us design valuable new therapeutic and 
contraceptive strategies. 
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Clinically it has been demonstrated that one can 
achieve full sexual maturation in men with idiopathic 
hypogonadotropic hypogonadism whose pituitary- 


gonadal axis can be normalized by long-term admin-., 


istration of exogenous GnRH. Establishment of normal 
levels of gonadotropin and testosterone secretion is re- 
flected in the development of masculine secondary sex 
characteristics, increased testicular volume and sperm 
count, and the induction of fertility in most patients 
who desire it. The potential personal and social benefits 
for the patient with idiopathic hypogonadotropic hy- 
pogonadism speak for themselves. 


We are indebted to Demise Heavern, RN, for her 
dedicated care of our patients, the patients who vol- 
unteered for the studies, the General Clinical Research 
Center staff, and the technicians of the Reproductive 
Endocrine Unit. 


REFERENCES 


1. Hoffman AR, Crowley WF Jr. Induction of puberty in 
men by long-term pulsatile administration of low-dose 
gonadotropin-releasing hormone. N Engl J Med 1982; 
307: 1237. 

2. Spratt DI, Carr DB, Merriam GR, Scully RE, Narasimha 
Rao P, Crowley WF Jr. The spectrum of abnormal patterns 
of gonadotropin-releasing hormone secretion in men with 
idiopathic hypogonadotropic hypogonadism: clinical and 
laboratory correlations. J Clin Endocrinol Metab 1987; 
64:283. 

3. Whitcomb RW, Crowley WF Jr. Clinical review 4: diagnosis 
and treatment of isolated gonadotropin-releasing hormone 
deficiency in men. J Clin Endocrinol Metab 1990;70:3. 

4. Kallmann FJ, Schoenfeld WA, Barrera SF. The genetic as- 
pects of primary eunuchoidism. Am J Ment Defic 1944; 
48:203. 

5. Yang-Feng TL, Seeburg PH, Francke U. Human luteiniz- 
ing hormone-releasing hormone gene (LHRH) is located 
on the short arm of chromosome 8 (region 8p11.2->p2)). 
Somat Cell Mol Genet 1986;12:95. 

6. Weiss J, Crowley WF Jr, Jameson JL. Normal structure of 
the gonadotropin-releasing hormone (GnRH) gene in pa- 
tients with GnRH deficiency and idiopathic hypogonado- 
tropic hypogonadism. J Clin Endocrinol Metab 1989; 
69:299. 

7. Schwanzel-Fukuda M, Pfaff DW. Origin of luteinizing 


November 1990 
Am ] Obstet Gynecol 


hormone-releasing hormone neurons. Nature 1989;338: 
161. 

8. Crowley WF Jr, Filicori M, Spratt DI, Santoro NF. The 
physiology of gonadotropin-releasing hormone (GnRH) 
secretion in men and womer. Recent Prog Horm Res 
1985;41:473. 

9. Boyar RM, Rosenfeld RS, Kapen S, et al. Human puberty: 
simultaneous augmented secretion of luteinizing hormone 
and testosterone during sleep. J] Clin Invest 1974;54: 
609. 


Discussion 


Audience. Do you have any explanation of why pa- 
tients who have hypothalamic hypogonadism can im- 
pregnate their wives with very low sperm counts? 

Dr. Crowley. I use sperm counts like school. Basi- 
cally, all we have been doing for years is taking atten- 
dance, and we have not had any tests to show what they 
can do. Now that we have machines that can measure 
objective parameters, such as lateral head movement, 
we are going to see that there is quite a heterogeneity 
in those in attendance. 

Audience. Have you used any of the antagonists with 
subsequent treatment with GnRH? 

Dr. Crowley. When you-give a GnRH antagonist to 
a human, you can suppress LH levels. At a maximal 
dose, where the dose-response curve of inhibition pla- 
teaus, LH is suppressed about 70% or 80%. FSH is 
suppressed only about 30% to 40%, and free a-subunit 
is suppressed about 30%. When you then give a dose 
of GnRH, you see a reversal of that hierarchy; you get 
much more LH than FSH. The doses we have used 
have been pharmacologic, but on the basis of the re- 
sponse to these doses we would assume that you would 
get back LH secretion, which ts just what you do not 
want. 

On the other hand, the fact that FSH is not sup- 
pressed as extensively as LH presents a potential op- 
portunity to use another releasing factor, if one could 
be identified, for FSH. In other words, give the GnRH 
antagonist, eliminate the LH and consequent hyper- 
androgenemia, and then give this FSH-releasing factor, 
if and when such a factor is discovered. 


Efficacy and safety of intravenous pulsatile 
gonadotropin-releasing hormone: Lutrepulse 


for Injection 


Nanette Santoro, MD 
Newark, New Jersey 


A multicenter trial was undertaken to assess the ability of pulsatile gonadotropin-releasing hormone to 
restore physiologic ovulatory function in women with diminished or absent pulsatile gonadotropin-releasing 
hormone secretion, In 109 women with primary and secondary hypothalamic amenorrhea, pulsatile 
gonadotropin-releasing hormone (Lutrepulse [gonadorelin acetate] for Injection) was extremely effective, 
resulting in ovulation in 91% and 96% of patients, respectively. Overall complications of intravenous line 
placement ranged from 0% to 11% (mean = 7%). A 12% incidence of multiple pregnancy was noted, and 
a single case of ovarian hyperstimulation was reported’in a woman who also received clomiphene citrate. 
Pulsatile gonadotropin-releasing hormone treatment appears to be of at least comparable efficacy to 
human menopausal gonadotropins, with the added benefit of reduced overall risks for the patient with 
hypothalamic amenorrhea. (Am J Osstet GYNECOL 1990;163:1 759-64.) 


Key words: Pulsatile gonadotropin-releasing hormone, primary hypothalamic amenorrhea, 


secondary hypothalamic amenorrhea 


Gonadotropin-releasing hormone (GnRH) is the cen- 
tral hypothalamic signal governing episodic secretion 
of pituitary gonadotropins (luteinizing hormone [LH] 
and follicle-stimulating hormone [FSH)]). Its obligatory, 
permissive role in allowing the ovarian processes of fol- 
liculogenesis, ovulation, and corpus luteum function to 
occur was first elucidated in the subhuman primate in 


the early 1970s.' Concurrent clinical studies in women - 


were initiated at the time that the absolute requirement 
for pulsatile delivery of GnRH was first being discov- 
ered.’ Initial research in women focused on the use of 
long-acting analogs of GnRH that were thought to be 
superpotent effectors of ovulation. Unfortunately, the 
frequent occurrence of down-regulation of pituitary 
GnRH receptors often interfered with the gonado- 
tropic effects of large doses of GnRH agonist.* * 

The challenge of designing GnRH therapy for 
women with reproductive disorders has centered 
around the definition of optimal dosage, frequency, 
and route of administration for pulsatile administration 
of this hormone. Because many interspecies differences 
exist regarding sensitivity to pulsatile GnRH, there was 
little to guide initial research efforts in determining the 
appropriate dosage of this peptide, and the precise dos- 
age requirements remain to be established. A useful 
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frequency of GnRH administration in women was ini- 
tially derived from the successful work in rhesus mon- 
keys.’ In these studies an hourly frequency of pulsatile 
GnRH was uniformly successful. However, close scru- 
tiny of the human menstrual cycle” has allowed for an 
adjustment to a more physiologic frequency or indeed 
a panel of frequencies that has now been shown to be 
effective in adult women. Finally, the optimal route of 
administration of pulsatile GnRH appears to be intra- 
venous. After an intravenous bolus, a physiologic LH 
pulse contour is achieved, along with superior rates of 
ovulation, compared with subcutaneous administra- 
ton." It has become clear, however, that in some cases 
the intravenous route may pose hazards to a patient,” 
and in selected cases subcutaneous use as a less effective 
alternative may be considered. 

The clinical use of intravenous pulsatile GnRH, 
which led to its approval by the Food and Drug Ad- 
ministration in the United States, was based on patients 
in whom this treatment might be expected to be most 
effective: women with primary hypothalamic amen- 
orrhea, an experiment of nature of near-absolute 
GnRH deficiency. A second group of women with sec- 
ondary hypothalamic amenorrhea have also proven to 
ovulate and become pregnant with great success with 
this form of treatment, and their data have also been 
included in this report. Three clinical centers in the 
United States, along with one large clinical center in 
Germany, formed most of the contributing data that 
will be presented in the subsequent tables.'*'* These 
centers are broken down and the data are described in 
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Table I. Lutrepulse for Injection: dosage 
ranges for primary hypothalamic amenorrhea 





Center 


Dose range (pg/ pulse) 1-8 1-10 2-20 3-20 
Mean (g/pulse) 5.4 5.6 7.9 15.2 
n* 20 21 8 83 


*Number of ovulatory regimens. 


Table II. Lutrepulse for Injection: efficacy of 
intravenous therapy 





Primary hypothalamic amenorrhea 


n Ir. 6 3 14 34 
Ovulatory (%) 91 83 100 93 9l 
Ovulatory regimens (%) 72 
Pregnancy (%) 55 
Secondary hypothalamic amenorrhea 
n i 10 9 9 47 75 
Ovulatory (%) 100 89 100 96 96 
Ovulatory regimens (%) 82 
Pregnancy (%) 62 


detail to point up their overall consistency, as well as 
the contribution of certain idiosyncrasies from center 
to center, in the overall interpretation. 


Material and methods 


Patient population. All women recruited from the 
various centers for study carried the diagnosis of hy- 
pothalamic amenorrhea. In most cases this diagnosis 
referred to amenorrhea of at least 6 months’ duration 
in an individual of normal body weight. Subjects were 
also required to undergo a clinical examination, with 
findings consistent with hypothalamic amenorrhea (i.e., 
no evidence of hirsutism, ovarian enlargement, andro- 
gen excess, or hyperprolactinemia). In addition, a nor- 
mal clinical or biochemical thyroid evaluation and doc- 
umented absence of hyperprolactinemia were re- 
quired. Informed consent was obtained from each 
subject before participation and approval by the re- 
spective internal review boards of the institutions in- 
volved was obtained. In patients recruited from some 
of the centers, studies to document tubal patency, se- 
men evaluation of the male partner, and postcoital ex- 
aminations were performed routinely. However, in 
other institutions, clinical judgment was exercised as to 
whether any or all of these tests were carried out. 

Protocol. GnRH was administered through an intra- 
venous pump (Zyklomat; Ferring Laboratories, Suf- 
fern, N.Y.). Details of this technique have been re- 
ported previously.” Briefly, all patients received intra- 
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venous GnRH (Lutrepulse [gonadorelin acetate] for 
Injection, Ortho Pharmaceutical Corp., Raritan, N.J.) 
at the dose ranges outlined in Table I. In general, ovu- 
latory and anovulatory regimens of GnRH lasted for 1 
month. 

The frequency of the pulsatile GnRH infusion was 
uniformly 90 minutes in centers 2, 3, and 4. In center 
1, a frequency of 90 or 60 minutes was used in the 
follicular phase, and progressive slowing of the peri- 
staltic pump throughout the Iuteal phase was employed 
to mimic the luteal-phase slowing of normal gonado- 
tropin pulsations.” ’ These alterations in frequency do 
not appear to have had an impact on overall pregnancy 
rates, although the numbers are small (Table II). 

Monitoring of subjects. Subjects were monitored 
with daily blood sampling for LH, FSH, estradiol, and 
progesterone levels in some centers (1, 2, and 3). Blood 
samples were obtained 45 minutes after a GnRH dose. 
Intravenous lines were inspected visually (daily in most 
cases), and the course of follicular maturation was fol- 
lowed by a combination of (1) serial ultrasonography, 
(2) examinations of cervical mucus, and (3) charting of 
basal body temperature. 

Laboratory methods. Serum samples from each sub- 
ject were processed for gonadotropin and sex steroid 
determination, as described previously for center 1." 
In Fig. 1 values are expressed as equivalents of the 
second international reference preparation of human 
menopausal gonadotropin (milli international units per 
milliliter). The interassay and intraassay coefficients of 
variation for FSH were 12.3% and 7.8%; correspond- 
ing values for LH were 12.5% and 5.8%. 


Results 


Practical clinical use of GnRH: efficacy. Patient se- 
lection and route of administration. The four centers dis- 
cussed herein used relatively stringent criteria for pa- 
tient selection. However, each center may have had 
slight differences in patient selection. Most of the cen- 
ters employed as study subjects only those women with 
primary or secondary hypothalamic amenorrhea who 
suffered solely from an ovulatory defect and had no 
other contributing infertility factors. This was not true 
of every center; therefore, pregnancy rates would be 
expected to be lower in couples with multiple contrib- 
utory infertility factors. Table II points out the overall 
clinical results from each of the four centers. Note the 
consistency of ovulation among all of these patients. 
With intravenous use, ovulation rates were routinely in 
excess of 90%. The route of administration of pulsatile 
GnRH in all of these cases was intravenous, and ancil- 
lary data from the three groups reporting on a smaller 
number of patients receiving subcutaneous GnRH re- 
vealed lower efficacy, as has been reported by other 
investigators.'**° . 
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LH (mIU/mi 2nd IRP) 


500 n= 20 


ESTRADIOL (pg/ml) 








FSH (mIU/m! 2nd IRP) 


PROGESTERONE (ng/ml) 





DAY OF CYCLE 


Fig. 1. Ovarian and pituitary responses to 100 ng/kg (approximately 5 pg/bolus) pulsatile GnRH 
in women with hypothalamic amenorrhea. Normal hormonal data are shown by the shaded back- 
ground. Data are expressed as mean + SEM and standardized to the day of the midcycle surge (day 
0). The number of patients contributing data to each graph is shown in the upper left. Note that 
despite normal-appearing gonadotropin levels, supraphysiologic estradiol and progesterone levels 
were achieved. (From Santoro N, Wierman ME, Filicori M, et al. Intravenous administration of 
pulsatile gonadotropin-releasing hormone in hypothalamic amenorrhea: effects of dosage. J Clin 


Endocrinol Metab 1986;62:109.) 


Frequency of pulsatile GnRH. The frequency of pul- 
satile GnRH used was almost uniformly 90 minutes. 
Group 1 used a varying frequency throughout the cy- 
cle, but the choice of a varying frequency did not seem 
to affect rate of ovulation (Table II). In particular, the 
follicular-phase frequencies employed by group 1 were 
90 or 60 minutes, probably both well within the range 
of acceptable frequencies tolerated by the female 
hypothalamic-pituitary-ovarian axis. 

Dose of pulsatile GnRH (Table I). The dosage of pul- 
satile GnRH that has proved successful varies from | 
to 20 wg/bolus. Because the exact quantity of GnRH 
secreted by the human hypothalamus has been difficult 
to determine, experimental results directed at observ- 
ing sex steroid and gonadotropin secretion during pul- 
satile GnRH-induced cycles are most useful for deriv- 
ing a physiologic dose. In 18 women studied for 30 
cycles at an approximate dose of either 1 or 5 wg/bolus 


Table ITI. Lutrepulse for Injection: 
luteal-phase support 


hCG alone | Lutrepulse alone | hCG + Lutrepulse 


Delivered (n) 43 19 19 
Aborted (n) 20 7 6 
Total n 63 26 25 
% SUCCESS 68 73 76 


of GnRH, it was found that a 1 pg dose was subphy- 
sioilogic and and a 5 wg dose appeared to be slightly 
supraphysiologic (Fig. 1).'7 One of the other groups 
contributing to these data noted that at higher doses 
(between 10 and 20 ug/bolus) of pulsatile GnRH, pi- 
tuitary and gonadal responses were exaggerated, often 
suggestive of multiple folliculogenesis, and engendered 
a higher multiple pregnancy rate of 4 per 30 concep- 
tions.” Furthermore, individual sensitivity to a given 
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Fig. 2. Catheter tip and blood culture results over 1958 cath- 
eter days in relation to duration of catheterization. Open bars, 
Total number of catheter tips assessed; striped bars, Number 
with positive catheter tip cultures; solid bars, number of positive 
blood cultures obtained at the time of catheter removal. (From 
Hopkins CC, et al. Obstet Gynecol 1989;74:267.) 


Table IV. Lutrepulse for Injection: incidence 
of intravenous complications 


Site trritation 





Superficial 
thrombophlebitis 





i 5/132 4 4/132 3 
2 0/153 0 1/153 0.7 
3 3/35 9 1/35 3 
4 49/463 11 15/463 3 
Mean 7 3 


dose of pulsatile GnRH may require individualization 
of doses once a supposedly physiologic dosage range 
is derived. Thus the clinician intending to use this 
form of treatment will probably need to become con- 
versant with the full dose range that will be made 
available. 

Luteal support. Support of the corpus luteum once 
ovulation has been induced by pulsatile GnRH appears 
to be an optional matter. The varying groups used a 
variety of strategies to support the corpus luteum, all 
of which appeared equivalent, as can be seen in Table 
III. Thus one has the option of (1) continuing the pul- 
satile GnRH infusion throughout the luteal phase; (2) 
removing the pump as soon as the luteal phase is 
established (by a shift in basal body temperature, 
ovulation-predictor kit testing, or hormonal testing) 
and supplementing with human chorionic gonadotro- 
pin (hCG); or (3) employing both modalities until a 
missed menses, positive pregnancy test result, or men- 
strual period occurs. 

Clinical use of pulsatile GnRH: safety of intrave- 
nous pulsatile GnRH. Safety of the intravenous catheter. 
Recent data? suggest that the intravenous route of 
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Table V. Lutrepulse for Injection: complications 





Multiple pregnancies 
11/89 Deliveries (12%) 
10 Sets of twins 
l] Set of triplets 
One from center | (6.9 pg/ pulse: all others reported 
from center 4 (2.5-20 ug/pulse) 
Ovarian hyperstimulation 
1/268 Patients = 0.4%; 1/932 cycles = 0.1% (subject 
also received clomiphene citrate) 
No patient with primary hypothalamic amenorrhea had 
a multiple pregnancy or ovarian hyperstimulation 





GnRH administration is quite safe for prolonged pe- 
riods of time. Fig. 2 shows the low incidence of positive 
catheter tip (11%) and blood cultures (2%) in a group 
of 38 women receiving long-term pulsatile GnRH with 
230 catheter insertions. No clinical evidence of infec- 
tion attributable to the presence of the intravenous 
catheter occurred in this series. A small number of cases 
of superficial thrombophlebitis occurred in patients 
from all of the four centers analyzed (Table IV). Note 
the overall consistency of these numbers and the ab- 
sence of sepsis or major morbidity caused by the pres- 
ence of the intravenous catheter. Of theoretic concern 
is the patient with mitral valve prolapse or an abnormal 
cardiac valve who might be prone to the development 
of bacterial endocarditis should any bacteremia occur. 
This theoretic concern can 5e avoided by careful se- 
lection of patients and evaluation of the cardiac ex- 
amination and echocardiographic findings in patients 
with heart murmurs undergoing therapy. A woman 
with mitral valve prolapse with no ballooning or re- 
dundancy of the valve, who is considered at lower risk 
for bacteremia, may well tolerate short-term intrave- 
nous use of GnRH with hasty removal of the catheter 
on ovulation and luteal support with hCG without mis- 
hap. However, patients with such defects might well 
profit from choosing the subcutaneous route, although 
it will be expected to be less effective. 

Ovarian hyperstimulation. Only one patient had any 
clinically significant ovarian hyperstimulation, for an 
overall incidence of 0.4%. This was of a moderate de- 
gree and, of note, this patient had already received 
clomiphene citrate in conjunction with the pulsatile 
GnRH. Thus it is expected to be extremely unusual 
to observe ovarian hyperstimulation of the magni- 
tude that was routinely noted in up to 20% of women 
who received exogenous human menopausal gonado- 
tropin.” 

Multiple pregnancy. In Table V, adverse effects of pul- 
satile GnRH are delineated, including the occurrence 
of 1] multiple pregnancies. Of these 11 pregnancies, 
10 were twin gestations and 1 was a triplet gestation. 
Table VI points out the data from two centers con- 
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Table VI. Lutrepulse for Injection: follicle numbers seen on ultrasonography 















No. of 
follicles 


100 nglhkg 
(5 pg bolus) 


25 nglkg 
(1 pg/ bolus) 
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cerning the number of follicles visualized on routine 
ultrasound examination. Note that regardless of the 
primary or secondary nature of the hypothalamic 
amenorrhea, one to four mature follicles were noted 
on pelvic ultrasound examination. This supraphysio- 
logic response to pulsatile GnRH may well be an effect 
of individual differences in requirements for a truly 
physiologic dose or may reflect a general trend to de- 
liver a supraphysiologic dose to most patients. Fig. ] 
shows the pituitary and ovarian responses to an ap- 
proximately 5 g/bolus dose of pulsatile GnRH, which 
underscores the slightly supraphysiologic nature of 
even the “low-dose” 5 to 6 pg regimen." 

Mechanical failure. Of the four centers reporting data, 
only three recorded the occurrence of mechanical or 
equipment failure that led to difficulties with treatment 
(Table VII). Note that in center 4 most of the problems 
associated with pulsatile GnRH therapy were related to 
pump malfunctions and the occurrence of superficial 
thrombophlebitis. They reported the lowest incidence 
of malfunctions. In center 1 most of the technical prob- 
lems reported were related to reservoir and tubing de- 
fects, not the pump itself. The incidence of superficial 
thrombophlebitis varies somewhat among the three 
groups and is perhaps related to the lack of firm criteria 
for superficial thrombophlebitis and the difficulty dis- 
tinguishing thrombophlebitis from a simple intrave- 
nous infiltration. It is safe to say that at this point the 
manufacturer has paid a great deal of attention to the 
tubing and reservoir apparatus and this now rarely mal- 
functions. Thus the clinician expecting to use this 
equipment might expect the biggest difficulty to occur 
with the occasional failure of the peristaltic pump to 
perform properly. 


Comment 


Pulsatile GnRH is a therapeutic modality whose time 
has come. It is highly effective in inducing ovulation in 
women with primary and secondary hypothalamic 
amenorrhea and routinely induces ovulation in more 
than 90% of patients. In patients without ancillary in- 
fertility factors, pregnancies may be anticipated to oc- 
cur within several months, and most pregnancies occur 













Primary Secondary 
hypothalamic hypothalamic 
amenorrhea amenorrhea Other 


13 13 44 
3 3 4 
i 0 2 
2 0 0 


Table VII. Lutrepulse for Injection: 
device problems 


Center Primary problem 
1 25 Reservior leakage 
9 odin fe 
3 12 Pump-related 
4 3.4 Pump-related 
Mean 7.6 


within 3 months of therapy. Supplying the hypotha- 
lamic hormone to women who appear to be selectively 
deficient provides a physiologic avenue for therapy that 
is intuitively attractive to the patient and provides ex- 
cellent results in terms of single folliculogenesis, single 
pregnancy, and predictable outcome. In addition to its 
high rate of efficacy, this form of treatment appears to 
be very safe even for prolonged intravenous use. The 
pitfalls of human menopausal gonadotropin therapy, 
including ovarian hyperstimulation syndrome and mul- 
tiple pregnancies, appear to be reduced dramatically 
when pulsatile GnRH is used. Further reduction in dos- 
age and attention to the individual dosage require- 
ments of patients may allow for further reduction of 
the incidence of ovarian hyperstimulation and multiple 
pregnancy. The clinician would do well to become ac- 
quainted with this new treatment modality, because its 


. indications may well expand into other ovulatory re- 


productive disorders (e.g., polycystic ovarian syn- 
drome) as an effective and safe alternative to the ar- 
mamentarium of medications that currently exist. 
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Discussion 


Audience. What is the minimum amount of hCG 
required to support the luteal phase? 

Dr. Santoro. My bias is to keep the pump in through- 
out the luteal phase because most of the patients really 
want to find out as early as possible if they are pregnant. 
By continuing with the pump, you can get an earlv 
measurement of hCG. I do not have a great deal of 
experience with hCG support of the luteal phase, but 
I have used doses on the order of 500 IU every couple 
of days in other patients undergoing ovulation in- 
duction. 

Audience. Would you comment on antibody for- 
mation against GnRH? 

Dr. Santoro. I think there have been two reported 
cases of antibody formation in men, and I know of one 
case that was reported as a possible reaction in a woman. 
The duration of treatment in men is so much greater 
that I think they are more likely to have a problem. In 
addition, the peptide is so small that it seems to be only 
very weakly antigenic. 

Audience. In the woman with hypothalamic amen- 
orrhea who has an infantile uterus, is there any reason 
to consider pretreatment with estrogen for several 
months before starting GnRH? 

Dr. Santoro. We had one such patient who was 37 
years old when she began pulsatile GnRH and had 
received no other treatment before she started. She 
ovulated in 17 days, and her uterus showed remarkable 
growth on pelvic ultrasonography. She did not conceive 
in her first cycle. Perhaps Dr. Filicori would also like to 
comment on this. 

Dr. Filicori. We have a large population with primary 
hypothalamic amenorrhea, and we perform ultraso- 
nography at the beginning and during treatment. We 
do not pretreat these patients with estrogens, and we 
see the size of the uterus increase about | week after 
the initiation of pulsatile GnRH therapy. As soon as 
endogenous estrogen levels begin to rise, the uterus 
will increase in size. We have treated patients with a 
longitudinal uterine diameter of 5 or 6 cm; by the time 
they ovulate the uterus is of normal size for an ovu- 
latory woman. 
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administration of gonadotropin-releasing hormone 


Pulsatile administration of gonadotropin-releasing 
hormone (GnRH) represents a major advance in the 
treatment of anovulation. The use of human meno- 
pausal gonadotropin (hMG), clomiphene citrate, and 
bromocriptine has helped many anovulatory women. 
Unfortunately, many women remain anovulatory or 
have side effects as a result of these medications. Pul- 
satile GnRH therapy is a new option for the treatment 
of women who fail to ovulate with clomiphene citrate 
and is an alternative for many women who currently 
receive hMG."? 

The primary indication for pulsatile GnRH will be 
ovulation induction in patients who fail to respond to 
clomiphene citrate. Pulsatile GnRH will be especially 
advantageous for those patients who live a long distance 
from a referral center where hMG is available. Because 
the monitoring required and the potential risks are 
much less with GnRH than those encountered with 
hMG, the local physician will be able to administer 
GnRH. In situations in which hMG is being adminis- 
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tered, candidates for pulsatile GnRH will come from 
those patients now receiving hMG. Today patients 
treated for infertility undergo ovulation induction for 
indications other than anovulation. Pulsatile GnRH is 
appropriate for some, but not-all, of these indications. 
GnRH is appropriate for treating luteal-phase defects 
and poor cervical mucus and improving timing for 
therapeutic donor insemination. GnRH is not a good 
choice to induce ovarian hyperstimulation. Thus GnRH 
is not an alternative to hMG in those patients under- 
going in vitro fertilization and gamete intrafallopian 
transfer cycles or patients being treated for unex- 
plained infertility. 

Pulsatile GnRH can also be used for diagnostic pur- 
poses. It can be used to differentiate pituitary from 
hypothalamic failure. In some patients a single bolus 
GnRH test will fail to stimulate a gonadotropin re- 
sponse until the pituitary gland has been primed with 
pulsatile GnRH administration. In rare cases of com- 
bined hypothalamic and ovarian failure, pulsatile 
GnRH therapy will unmask the ovarian failure by al- 
lowing gonadotropins to reach menopausal levels dur- 
ing pulsatile GnRH therapy. Because pulsatile GnRH 
therapy, when administered intravenously, will induce 
ovulation in nearly 100% of patients with hypothalamic 
amenorrhea, some investigators believe the diagnosis 
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Table I. Candidates for pulsatile GnRH 


Kallmann’s syndrome 
Tumors 
Craniopharyngioma 
Trauma. . l 
Hypothalamic chronic anovulation 
Psychogenic 
Nutritional 
Exercise related 


of hypothalamic amenorrhea must be questioned 
in those patients who fail to respond to pulsatile 
GnRH. 

The cause of the patient’s anovulation should be 
evaluated thoroughly before GnRH therapy. A stan- 
dard workup would include assessment of prolactin, 
thyroid function, luteinizing hormone (LHJ, follicle- 
stimulating hormone (FSH), and androgens. Assess- 
ment of body mass index and a progestin challenge test 
can be used to predict the success of GnRH therapy. 
The minimum infertility workup required would be 
semen analysis. If the patient has never been exposed 
to ovulation, tubal function would not need to be eval- 
uated before GnRH therapy. The laparoscopy could 
be postponed until after initiation of therapy if the 
patient has no risk factors of tubal disease or endo- 
metriosis. Itis now common practice to perform a la- 
paroscopy before beginning hMG therapy. This par- 
ticular practice is less important with pulsatile GnRH 
therapy, because the risks of GnRH are less than those 
associated with hMG. 


Patient selection 


The ideal candidate for GnRH therapy is a patient 
with an absence of endogenous pulsatile GnRH 
(e.g, Kallmann’s syndrome). These patients respond 
promptly and successfully to GnRH treatment. Other 
examples of decreased endogenous GnRH activity are 
patients with hypothalamic amenorrhea caused by 
weight loss, exercise, and stress (Table I). Before GnRH 
therapy, the physician should try to reverse the cause 
of anovulation, if possible, by decreasing the patient's 
activity or increasing the patient’s weight. Correction 
of anorexia is critical before GnRH therapy. Women 
with anorexia respond well to GnRH, but if the an- 
orexia is not corrected the patient’s poor diet can re- 
sult in severe intrauterine growth retardation.’ Other 
candidates would be patients who have decreased 
GnRH function as a result of surgery on hypothalamic- 
pituitary tumors or those patients who have had trauma 
to the hypothalamic-pituitary unit. The Food and Drug 
Administration has given approval for pulsatile GnRH 
administration only to those patients who carry the di- 
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agnosis of primary hypothalamic amenorrhea. Al- 
though patients with severe hypothalamic amenorrhea 
are the ideal candidates for GnRH therapy, milder 
forms of hypothalamic amenorrhea can also be treated. 
Patients with normal serum levels of gonadotropins, a 
positive progestin challenge test result, and normal 
weight will respond to GnRH but may have decreased 
rates of success. Mild forms of polycystic ovarian disease 
will also respond to GnRH therapy. Patients with severe 
cases of polycystic ovarian disease, including patients 
with severe obesity (body mass index of greater than 
25, markedly elevated androgen levels, or elevated se- 
rum LH levels >12 mU/ ml), are poor candidates for 
GnRH therapy.* Combined regimens with GnRH ag- 
onists may improve success in this group. 


Choosing the GnRH alternative | 


When is it appropriate to put the artificial hype: 
thalamus to work? Each physician must determine if 
GnRH therapy is practical for his or her office. Four 
issues used to make this decision are (1) safety, (2) ef- 
ficacy, (3) convenience, and (4) cost. Pulsatile GnRH ts 
definitely a safer alternative compared with hMG. 
When used appropriately, there is a marked decrease 
in the rates of hyperstimulation and multiple births. 
Although ovarian hyperstimulation, which results in 
enlarged ovaries with multiple follicles, can occur in 
GnRH therapy, no reports of ovarian hyperstimulation 
syndrome have been reported. Most of the multiple 
births associated with GnRH therapy have resulted 
from high doses of GnRH or combining the GnRH 
therapy with clomiphene citrate or human chorionic 
gonadotropin (hCG) injections. Low-dose GnRH ther- 
apy alone results in a very low multiple birth rate. The 
second risk of GnRH therapy is that of infection. Al- 


though phlebitis and pain at the site of intravenous 


injection are the most commonly reported side effects, 
no major complications have been reported.’ The in- 
creased use of subcutaneous therapy will decrease this 
complication further. Although anti-GnRH antibodies 
have been reported in men and women receiving 
GnRH therapy, no clinical sequelae have been reported 
as a result of development of these antibodies. 

With proper patient selection, the efficacy of pulsatile 
GnRH is very high. Patients with severe hypothalamic 
amenorrhea have an almost 100% ovulatory rate with 
GnRH. Patient selection is the key factor in determining 
the success rate of GnRH therapy. 

GnRH therapy results in increased convenience for 
both the physician and the patient. The physician’s of- 
fice benefits from no need for daily monitoring of the 
patient. This results in a decreased need for weekend 
staffing. Advantages for the patients include fewer vis- 
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its to the office and no daily injections, venipunctures, 
and ultrasound examinations. 

The cost to the patient will depend on several factors. 
The first is route of administration. The increased dose 
required for subcutaneous administration results in in- 
creased drug costs. The duration of therapy is depen- 
dent on the patient’s diagnosis and route of adminis- 
tration, with subcutaneous therapy taking somewhat 
longer from onset of therapy to ovulation. The ultimate 
cost to the patient will be determined by the physician’s 
office charges and the number of GnRH kits required 
to complete therapy. The largest cost savings resulting 
from GnRH therapy may be the decrease in multiple 
births, avoiding the high cost of prenatal and neonatal 
care for multiple gestations. 

Until recently, preparation of the physician’s office 
to administer GnRH was difficult. The equipment and 
supplies needed to administer GnRH were purchased 
from multiple vendors unaccustomed to serving the 
needs of the reproductive endocrinologist. Today kits 
containing all the essential items are available. The basic 
items needed for GnRH administration are (1) the pul- 
satile pump; (2) the set, including the GnRH, tubing, 
battery, belt to hold the pump, and syringes; (3) heparin 
for intravenous administration; and (4) an ultrasound 
machine for monitoring therapy. Because of the ease 
of GnRH administration, the starting and monitoring 
of pulsatile GnRH activity can be delegated to a well- 
trained office nurse. These tasks would include check- 
ing the injection site, refilling the pump, and changing 
the battery. 

Before the onset of therapy, the patient must be 
counseled concerning the benefits and risks. This 
would include the issues of safety, convenience, and 
efficacy compared with other available alternatives. The 
cost should be outlined to the patient and an assessment 
should be made concerning insurance reimbursement. 
Time spent on patient education will improve the pa- 
tient’s experience while on the pump and decrease 
after-hours phone calls. It is ideal to involve the pa- 
tient’s spouse who can then be of help in managing the 
pump and also understand the purpose of the therapy. 
It is also helpful to actually show the patient a pump 
to dispel any misconceptions about the apparatus. If 
possible, offer the patient the name of a previous pa- 
tient receiving GnRH with whom she could discuss the 
therapy. 


Method of GnRH administration 


A specific method for GnRH administration now has 
the approval of the Food and Drug Administration. 
This suggested protocol includes intravenous admin- 
istration of 5 wg GnRH every 90 minutes, baseline pel- 
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Table II. Pulsatile GnRH therapy: route 
of administration 


Intravenous | Subcutaneous 


Advantages Greater efficacy Easy to use 
Disadvantages Infection Larger dose 


vic ultrasonography to be repeated on days 7 and 14 
of therapy, changing of the intravenous site every 48 
hours, and the administration of GnRH throughout the 
luteal phase. As with many therapies, for instance hMG, 
there are many variations and each physician has his 
or her own individualized regimens: This same indi- 
viduality and variability has been and is currently prac- 
ticed by physicians around the world who have admin- 
istered pulsatile GnRH for the past 10 years.’ 

Baseline screening immediately before therapy is op- 
tional. Appropriate tests are hCG, LH, FSH, estradiol, 
and a baseline pelvic ultrasound examination. A pro- 
gestin induction of menses is appropriate in those 
women who have menstrual bleeding after progestin 
withdrawal. 

The first and most important decision to be made 
before GnRH therapy will be the route of administra- 
tion. The controversy over intravenous versus subcu- 
taneous administration stems from the conflicting re- 
sults with subcutaneous therapy. Initial investigators 
found decreased success rates with subcutaneous ther- 
apy. In spite of these discouraging results, other in- 
vestigators have reported continued success with sub- 
cutaneous therapy, especially when proper patient se- 
lection has been performed.’ Differences in the 
pharmacokinetics between subcutaneous versus intra- 
venous administration of GnRH have been docu- 
mented in several studies. Most authors agree that peak 
levels of GnRH are increased with decreased time to 
peak and time to return to baseline with intravenous 
administration compared with subcutaneous adminis- 
tration. In spite of the differences in GnRH concen- 
tration when given subcutaneously, clinical studies in- 
dicate that in most instances the pituitary gland receives 
an adequate signal. A major advantage of subcutaneous 
therapy versus intravenous administration is the de- 
creased risk of infectious complications. Administration 
of GnRH subcutaneously is much easier, especially in 
women in whom maintaining an intravenous line is 
difficult. The decreased dosage of GnRH needed with 
intravenous therapy may result in a significant eco- 
nomic benefit to patients. Other potential benefits of 
intravenous treatment are higher ovulatory rates and 
a more predictable and shorter course of therapy 
(Table II). 
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Table II. Lutrepulse for Injection: 
dose options 


Volume/ pulse Dose/ pulse 
Vial (mg) (ul) (ug) 


0.8 25 a5 
0.8 50 5 
3.2 25 10 
cs Po 50 20 


The dose of GnRH per pulse is becoming an increas- 
ingly important variable in pulsatile GnRH therapy. 
Whether a standard dose exists that is appropriate for 
all women is an unresolved issue. Approximately 75 
ng/kg GnRH’ will stimulate gonadotropin patterns 
similar to those of normal control subjects. The lowest 
effective dose has obvious economic advantages and 
may also be important in controlling the rate of multiple 
births. Increasing the dose per pulse will increase preg- 
nancy rates and is probably necessary with subcuta- 
neous therapy and in attempts to treat women with 
polycystic ovarian disease. Few patients ovulate with 
doses less than 15 pg per pulse during subcutaneous 
therapy. Women with polycystic ovarian disease have 
been treated with doses as high as 20 pg per pulse 
intravenously. The standard dose of administration has 
become 5 wg per pulse for intravenous therapy and 15 
to 20 pg per pulse for subcutaneous therapy. Current 
packaging has resulted in four dose-per-pulse options 
including 2.5,.5, 10, and 20 pg per pulse (Table III). 
To change the dose per pulse, the concentration of 
GnRH in solution must be changed because the volume 
per pulse is fixed at either 25 or 50 pl when using 
Lutrepulse (gonadorelin acetate) for Injection (Ortho 
Pharmaceutical Corp., Raritan, N.J.) pump. Other 
pumps are available in which volume per pulse can be 
regulated. 

The ideal goal of GnRH treatment would be to mimic 
the frequency of normal gonadotropin pulses. Perfect 
duplication of physiologic pulse frequency is not nec- 
essary. The standard: pulse frequency is every 90 min- 
utes. Previous studies have shown that therapy only 
during daytime hours can also be successful. This in- 
dicates that brief lapses in pulsatile therapy caused by 
equipment failure will not result in a significant de- 
crease in efficacy. 


Preparation of the pump 


A solution of GnRH is made; heparin, 1000 
units/ml, is added for intravenous administration. The 
GnRH solution is placed in a small plastic pouch or 
syringe that fits inside the pump. Specialized catheter 
systems are availabe for intravenous delivery, or stan- 
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dard intravenous catheters may be used. Ideally, cath- 


eters are placed into a forearm vein by a sterile tech- 
nique and a surgical-type preparation of the intrave- 
nous site. A transparent dressing should be placed over 
the intravenous site. If placec in this manner, intra- 
venous catheters can be left in place until patient dis- 
comfort or early signs of possible phlebitis or extrav- 
asation prompt removal with placement of the intra- 
venous line in an alternative site. Specialized infusion 
sets are also available for subcutaneous administration. 
Small-gauge needles or a catheter can be used, with 
infusions most commonly placed into the lower abdom- 
inal area. Recent data indicate that placement of the 
subcutaneous needle in the upper arm at the base of 
the deltoid muscle may result in increased efficacy." The 
needle or catheter is repositioned at another site every 
3 days by either the physician or the patient. 

During therapy, the only physician intervention 
needed is refilling the pump and checking the site of 
infusion. The patient can be trained to perform these 
tasks, especially during subcutaneous therapy. The Lu- 
trepulse for Injection system needs to be refilled and 
the battery changed weekly. Ultrasound scans can be 
formed on days 7 and 14, and thereafter the frequency 
is based on the patient’s response. Ultrasound moni- 
toring during the first cycle is helpful in determining 
the patient’s response to therapy and if changes in 
dose or frequency are indicated. If more than one 
mature follicle is visualized, it is recommended that 
GnRH therapy be stopped. Freauency of ultrasound 
monitoring can be decreased in subsequent cycles once 
the patient’s response becomes predictable. Prediction 
of ovulation will help the patient time intercourse and 
can also be used to schedule postcoital tests. Ovulation 
can be detected with basal body temperature charts, 
LH-surge detection kits, or ultrasonography. The fol- 
licle can be expected to grow approximately 2 mm/day 
during the late follicular phase. After ovulation, stim- 
ulation of the corpus luteum mus- be maintained. 

Pulsatile GnRH therapy can be continued or the 
pump may be stopped and injections of hCG (1000 to 
2500 units intramuscularly every 3 to 4 days) used to 
support the luteal phase. Preliminary data indicate that 
continued pulsatile GnRH will result in increased ef- 
ficacy and will not result in the artificial lengthening of 
the luteal phase that can be seen with administration 
of hCG. Most patients will ovulate after 10 to 20 days 
of GnRH therapy. A delayed response is occasionally 
seen in initial treatment cycles and may be explained 
by a need for maturation of pituitary function in 
women who have never gone through puberty. As ther- 
apy is continued, the length of the follicular phase will 
approach that of a normal cycle. Pulsatile GnRH is 
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maintained during the luteal phase until documenta- 
tion of pregnancy by a doubling of the hCG titer or a 
gestational sac. | 

Certain questions are commonly asked by patients 
undergoing GnRH therapy. Patients are often con- 
cerned about disturbing the pump during sleep. Before 
getting into bed, the patient should remove any tape 
holding the tubing to the stomach or chest while leaving 
the tubing taped on the arm. The belt with the pump 
in place is removed and pinned above the pillow to the 
bed sheet. When bathing or showering, the pump is 
removed and can be hung outside the shower or tub. 
Almost any activity can be maintained while the patient 
is undergoing GnRH therapy. It is difficult to maintain 
complete privacy while the pump is being used. Al- 
though the pump can be covered completely by cloth- 
ing, the sound of the pump cannot be muffled com- 
pletely. 

Potential problems during GnRH therapy include 
leaks from the pouch holding the fluid or in the tubing, 
retrograde flow of blood into the tubing, pain at the 
injection site, and pump failure. Ideally, a backup 
pump is present for pump failures, although the pa- 
tient can self-administer GnRH until a replacement 
pump is obtained. Patients should be taught how to 
activate the pump, flush the intravenous line, and re- 
move the intravenous line, in case its emergency re- 
moval is necessary. Patients receiving subcutaneous 
therapy can be taught how to replace the needle if the 
injection site becomes painful. 


Failure to ovulate 


In the presence of therapeutic failure, the first step 
should be to recheck the system and rule out equipment 
failure or errors in administration. Some patients will 
respond to an increase in the dose per pulse. Changing 
pulse frequency from 90 minutes to every 60 minutes 
may result in some increased efficacy. Some investi- 
gators continue to augment pulsatile GnRH therapy 
with timed hCG administration to facilitate follicular 
rupture or clomiphene citrate therapy.” These methods 
have been used in patients with mild polycystic ovarian 
disease who are poor responders to pulsatile GnRH 
alone. The patients should be aware that the addition 
of these methods to augment GnRH efficacy will also 
enhance the rate of multiple births. 


Contraindications for pulsatile GnRH therapy 


Ovarian and pituitary failure must be ruled out be- 
fore GnRH therapy. Diagnosis of ovarian failure is de- 
termined by the occurrence of elevated gonadotropin 
levels, except in the rare instance of associated hypo- 
thalamic failure. Failure to induce LH and FSH secre- 
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tion after a single bolus of GnRH is not diagnostic of 
pituitary failure. The pituitary gland may respond after 


. proper GnRH “priming,” which is accomplished by a 


few days of pulsatile GnRH therapy. Pituitary failure 
is one of the only disease states in which GnRH therapy 
is not a possible alternative to hMG. Other contrain- 
dications to GnRH therapy include a sensitivity to 
GnRH or uncorrected anorexia. 

In summary, four issues must be addressed before 
the physician can decide if pulsatile GnRH will be a 
practical addition to the ovulation-induction regimen 
in his or her office: (1) safety, (2) efficacy, (3) conve- 
nience, and (4) cost. Each of these issues will be affected 
by the three major decisions a physician makes with 
GnRH therapy: (1) patient selection, (2) route of ad- 
ministration, and (3) dose of GnRH per pulse. Women 
with diagnoses other than hypothalamic amenorrhea, 
including polycystic ovarian disease, may be candidates 
for pulsatile GnRH therapy, but decreased rates of ovu- 
lation should be expected. Subcutaneous administra- 
tion may prove to be the best route of therapy for initial 
treatment of women with hypothalamic amenorrhea, 
with intravenous administration being reserved for un- 
responsive cases. If women with polycystic ovarian dis- 
ease are to be treated, GnRH should be given intra- 
venously. Monitoring of therapeutic response with 
ultrasonography during treatment is needed for in- 
creased dosage regimens and in patients suspected of 
having endogenous GnRH activity. Pulsatile GnRH 
therapy is a safe, effective, convenient, and economical 
alternative to hMG for ovulation induction in women 
resistant to clomiphene. 
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Discussion 


Audience. Would you comment on the types of nee- 
dles and equipment used for both intravenous and sub- 
cutaneous delivery of pulsatile GnRH? 
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Dr. Schriock. For intravenous therapy, you use 
an angiocatheter of your choice. The pump tubing 


‘comes with a connector that will fit in a 20-gauge an- 


giocatheter. 

For subcutaneous therapy, you can use an angio- 
catheter or the needle set that comes with the pump 
kit. There are also subcutaneous kits that are used for 
administering insulin to diabetic patients who use in- 
sulin pumps. 
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In vulvovaginal candidiasis, the proven efficacy of 3-day therapy with 
FEMSTAT Prefill means a microbiological cure in 95% of patients.’ 
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Artist's enhancement of scanning electron microscopy (x 3500). C. albicans 24 hours posttreatment with butoconazole nitrate, ? 





Artist's enhancement of scanning electron microscopy (x 3500): C. albicans one week posttreatment with butoconazole nitrate 
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So effective, it works with 3-day therapy. 
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FEMSTAT PREFILL 


butoconazole nitrate) Seis 


BRIEF SUMMARY 


INDICATIONS: FEMSTAT® (butoconazole nitrate) 
vaginal cream 2% ıs indicated for local treat- 
ment of vulvovaginal mycotic infections caused 
by Candida species. Confirm the diagnosis by 
KOH smears and/or cultures. FEMSTAT can be 
used with oral contraceptives and antibiotics. It 
is effective in non-pregnant women and during 
the second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is contraindi- 
cated in patients hypersensitive to any of the 
ingredients. 


PRECAUTIONS: General: If clinical symptoms 
persist, repeat microbiological tests to rule out 
other pathogens and confirm the diagnosis. 
Discontinue drug if sensitization or irritation 
Occurs. 


Information for the Patient: Do not discontinue 
prematurely during menstruation or because 
of symptomatic relief 


Carcinogenesis: Animal studies have not 
been done. 


Mutagenesis: Mutagenicity studies were 
negative. 


Impairment of Fertility: Animal studies showed 
no impairment of fertility. 


Pregnancy Category C: Adverse effects were 
noted in animals treated with high oral doses. 
No studies were done in women during first 
trimester. Patients in the second or third 
trimester have shown no adverse effects 
attributable to the drug. 


Nursing Mothers: Use with caution. 


Pediatric Use: Safety and efficacy have not 
been established. 


ADVERSE REACTIONS: Vulvar/vaginal burning 
in 2.3% of patients, vulvar itching in 0.9%, 
discharge, soreness, swelling, itching of fin- 
gers each in 0.2%. Complaints caused 1.6% 
to discontinue drug. 


DOSAGE AND ADMINISTRATION: Non-preg- 
nant Patients: The recommended dose is one 
applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days. 
Treatment can be extended for an additional 
three days if necessary. 


Pregnant Patients (second and third trimesters 
only}: The recommended dose is one applica- 
torful of cream (approximately 5 grams) 
intravaginally at bedtime for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription. 
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Is intrauterine transfusion associated with diminished fetal growth? 1781 
Gregory O. Utter, MD, Michael L. Socol, MD, Sharon L. Dooley, MD, Scott N. MacGregor, DO, and 

Dietra D. Millard, MD 

Chicago, Illinois 


Intrauterine transfusion of anemic, isoimmunized fetuses is not associated with diminished 
intrauterine fetal growth. 


Prognostic indicators of the resolution of nonimmune hydrops fetalis and 1785 
survival of the fetus 


Dru E. Carlson, MD, Lawrence D. Platt, MD, Arnold L. Medearis, MD, and Janet Horenstein, MD 
Los Angeles, California 


The biventricular outer dimension of the fetal heart as measured by real-time-directed 
M-mode echocardiography is the best prognostic indicator in prenatally diagnosed nonimmune 
hydrops fetalis. 


Sources of variability in umbilical artery systolic/diastolic ratios: 1788 
Implications of the Poiseuille equation 


Jeffrey W. Wright, MD, and Louis E. Ridgway, MD 
San Antonio, Texas 


Term pregnancies were studied to determine the contributions of umbilical cord length, cord 
blood hematocrit, and fetal heart rate to the variability of systolic/diastolic ratio. 
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Variation and correlation in human fetal umbilical Doppler velocities with 1792 
fetal breathing: Evidence of the cardiac-placental connection 


Julia H. Indik, PhD, and Kathryn L. Reed, MD 
Tucson, Arizona 


Changes in human fetal umbilical arterial and venous Doppler velocities during fetal 
breathing provide evidence of the interdependence of umbilical venous and arterial Doppler 
blood flow velocities and confirm the existance of the Frank-Starling mechanism in the fetal 
heart. 


Potential prenatal predictions of Down syndrome: A statistical analysis 1796 
William F. O’Brien, MD, Robert A. Knuppel, MD, MPH, Carol Torres, BS, and 

Deborah Sternlicht, RN, MS 

Tampa, Florida 


Potential predictors of Down syndrome, including a-fetoprotein, human chorionic 
gonadotropin, and biparietal diameter/femur length ratio, are independent measures of 
relative risk. 


The course of labor after endurance exercise during pregnancy 1799 
James F. Clapp III, MD 
Burlington, Vermont 


When well-conditioned women continue a high-intensity running or aerobics program 
throughout pregnancy, it has a beneficial effect on the course and outcome of labor. 


Neonatal morphometrics after endurance exercise during pregnancy 1805 
James F. Clapp III, MD, and Eleanor L. Capeless, MD 
Burlington, Vermont 


When a high-intensity running or aerobics program is continued during pregnancy, it 
produces an asymmetric pattern of growth restriction that primarily reduces neonatal fat 
mass. 
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Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin"? 


less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin: 


single-dose prophylaxis/ 
twice-daily treatment 





Count on 


CEFOTAN... 


(cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, Briceland LL, Cooper B. The 
conversion of cefoxitin usage to cefotetan: an interdisciplinary approach. Am J Surg. 1988; 
155(5A):101-102. 2. Sochalski A, Sullman S, Andriole VT. Cost-effectiveness study of 
cefotetan versus cefoxitin and cefotetan versus combination antibiotic regimens. Am J Surg. 
1988;155(SA):96-101. 3. CEFOTAN® (cefotetan disodium) full prescribing information issued 
March 1986. 4. Physicians’ Desk Reference. ed 43. Oradell, NJ: Medical Economics Co; 1989. 
Mefoxin® (cefoxitin sodium, MSD), pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH. 
Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. Infect 
Surg. April 1986 (suppl), pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, Outman WR, 
Deckers PJ, Martens MG. Comparative pharmacokinetics of cefotetan and cefoxitin in patients 
undergoing hysterectomies and colorectal operations. Am J Surg. 1988;155(5A):67-70. 

7. Centers for Disease Control. 1989 Sexually Transmitted Diseases Treatment Guidelines. 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganil). 

Lower ratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

in and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureus” (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species"). 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.” 

*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nare may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract aaa and gastrointestinal ey). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
fash A contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had ous 4) erty reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to vibe a if an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require yng and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
Doe a pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur ang therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by und, age | headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
oo of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
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DRU ORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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developmentally analogous to late childhood and i tl in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, ape | at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant = (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
a reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in ; 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphy actic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
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GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
a adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 


DO | Ae ae eh R ee he i hs de 
*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose re uced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: LAPT EG PE 27 ET 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light 

1 g in 10 mL vial (NDC apo, 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 


Manufactured for 


STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 
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Does fasting interval affect the glucose challenge test? 1812 
Michael D. Berkus, MD, Michael P. Stern, MD, Braxton D. Mitchell, PhD, Edward R. Newton, MD, 

and Oded Langer, MD 

San Antonio, Texas 


During pregnancy, the insulin response to a 50 mg glucose challenge is lower when patients 
have not eaten for =3 hours, as compared with a fasting interval of <3 hours. 


Relationships between glucose levels and insulin secretion during a 1818 
glucose challenge test 

Michael D. Berkus, MD, Michael P. Stern, MD, Braxton D. Mitchell, PhD, Aida Abashawl, BS, and 

Oded Langer, MD 

San Antonio, Texas 


Insulin secretion during a 50 gm glucose challenge test is related to glucose level but not to 
maternal size, parity, or age. 


Effect of low-dose oral contraceptives on carbohydrate and lipid 1822 
metabolism in women with recent gestational diabetes: Results of a 

controlled, randomized, prospective study 

Siri L. Kjos, MD, Donna Shoupe, MD, Sylvie Douyan, MD, Richard L. Friedman, MD, 

Gerald S. Bernstein, MD, Jorge H. Mestman, MD, and Daniel R. Mishell, Jr., MD 


Los Angeles, California 


Diabetes developed in women with recent gestational diabetes at a similar rate, and women 
had comparable lipid profiles at 6 to 13 months whether they were using low-dose oral 
contraceptives or a nonhormonal birth control method. 


Response of placental vasculature to high glucose levels in the isolated 1828 
human placental cotyledon 

Jonathan B. Roth, MD, James A. Thorp, MD, Sue M. Palmer, MD, Peter C. Brath, BS, 

Scott W. Walsh, PhD, and Sharon S. Crandell, MD 

Houston, Texas 


Placental vascular resistance increased in response to high levels of glucose in the isolated 
human placental cotyledon. 


Placental thromboxane and prostacyclin production in an ovine diabetic 1831 
model 

Jan E. Dickinson, MD, Bruce A. Meyer, MD, Peter C. Brath, BS, Susie Chmielowiec, MS, 

Scott W. Walsh, PhD, Valerie M. Parisi, MD, MPH, and Sue M. Palmer, MD 

Houston, Texas 


Streptozocin-induced ovine diabetes results in a significant reduction in the placental 
production rate of thromboxane and prostacyclin. 
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Insulin-like growth factor Il and nonsuppressible insulin-like activity levels 
in newborns 


Naguib A. Samaan, MD, PhD, Pamela N. Schultz, RN, MS, and Frank K. Pham, BS 
Houston, Texas 


Insulin-like growth factor II appears to play a major role in fetal growth. 


Growth factor activity in the blood of women in whom preeclampsia 
develops is elevated from early pregnancy 
Robert N. Taylor, MD, PhD, David C. Heilbron, PhD, and James M. Roberts, MD 


San Francisco, California 


A prospective, longitudinal cohort study revealed that plasma growth factor activity was 
elevated significantly in relation to postpartum values, as early as the first trimester, in women 
in whom preeclampsia eventually developed. 


The effect of nifedipine therapy on fetal and placental Doppler 
waveforms in preeclampsia remote from term 

Michael M. Moretti, MD, Fiona M. Fairlie, MD, Sherif Akl, MD, Aldo D. Khoury, MD, and 
Baha M. Sibai, MD 


Memphis, Tennessee 


Oral nifedipine therapy used to reduce blood pressure in patients with preeclampsia remote 
from term was not associated with any adverse effects on the fetal or uteroplacental 
circulation as measured by the Doppler technique. 


Neuroophthalmologic effects of intravenous magnesium sulfate 
Kathleen B. Digre, MD, Michael W. Varner, MD, and Jade S. Schiffman, MD, LTC, MC, USA 
Salt Lake City, Utah, and San Francisco, California 


Intravenous magnesium sulfate frequently causes visual symptoms and signs. 


Low-dose aspirin 

ll. Relationship of angiotensin Il pressor responses, circulating 
eicosanoids, and pregnancy outcome 

Charles E. L. Brown, MD, Norman F. Gant, MD, Kay Cox, MT(ASCP), Bernard Spitz, MD, 
Charles R. Rosenfeld, MD, and Ronald R. Magness, PhD 


Dallas, Texas 


Plasma eicosanoids and angiotensin II pressor responses were measured before and after 
low-dose aspirin therapy in normal and potentially future hypertensive pregnant women and 
correlated with pregnancy outcome. 


Maternal and uteroplacental hemodynamic effects of chronic captopril in 
the hypertensive, term-pregnant rat 
William C. Mabie, MD, Robert A. Ahokas, PhD, and Baha M. Sibai, MD 


Memphis, Tennessee 


Captopril effectively lowered maternal blood pressure without adversely affecting organ and 
uteroplacental perfusion in the hypertensive pregnant rat. 
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| CYCON 35 


(norethindrone [0.4 mg] and ethinyl estradiol [0.035 mg]) tablets 


Indications and aoe Ovcon is indicated for the prevention of pregnancy. Some combination 
products containing 3 or less of ethiny! estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. 
3e-related Risk of Thromboembolism from Oral Contraceptives: Two studies have shown a 

poe association between the dose of estrogens in oral contraceptives and the risk of thromboem- 

lism. For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen. The oral contraceptive product prescribed for any given pa ient should be that 
product which contains the least amount of estrogen that is compatible with an acceptable pregnancy 
rate and patient acceptance. It is recommended that new acceptors of oral contraceptives be started 
on preparations containing 50 mcg or less of estrogen. 
Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophlebitis or thromboembolic disorders. 2) A past history of deep vein throm- 
bophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 4) Known or 
suspected carcinoma of the breast. 5} Known or suspected estrogen ye neoplasia. 6) Un- 
diagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. ) Benign or malignant liver 
aang developed during the use of oral contraceptive or other estrogen-containing products. 

arnings: 





Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral contraceptives should be strongly advised not 
to smoke. Use of oral contraceptives is associated with increased risk of several 
serious conditions, including thromboembolism, stroke, myocardial psonn eee 
rescribing ora 
following information relating to these risks. 


adenoma, gallbladder disease, hypertension. Practitioners 


contraceptives should be familiar with t 


1) Thromboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic 
and thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal 
and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. In a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of 
prenan toxemia) the higher the risk of spay os myocardial infarction, regardless of whether 
he patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
clear additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive users 
who do not smoke (smoking considered a major predisposing condition to myocardial infarction) are 
about twice as likely to have a fatal myocardial infarction compared to nonusers who do not smoke. 
Oral contraceptive users who smoke have about a 5-fold increased risk of fatal infarction compared to 
users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not 
smoke. The amount of smoking is a very important factor. British investigators concluded that the risk 
of thromboembolism including coronary thrombosis is directly related to the dose of estrogen used in 
oral contraceptives; preparations containing 100 mcg or more of estrogen were associated with a 
higher risk of thromboembolism than those containing 50-80 mcg of estrogen. The relative risk of 
thromboembolic disease associated with popon oral contraceptives has not been determined. 
Cases of thromboembolic disease have been reported in women using progestin-only products, and 
they should not be presumed to be risk-free. The overall excess mortality rate annually from sano 
diseases for oral contraceptive users was estimated to be 20 per 100,000 (ages 15-34, 5/100,000; 
ages 35-44, 33/100,000; ages 45-49 140/100,000), the risk being concentrated in older women, in 
those with a long duration of use, and in cigarette smokers. The highest risk was found in heavy 
cigarette smokers (15 or more cigarettes per day) who used oral contraceptives and were age 40 or 
older. Women: who smoke should be advised not to use oral contraceptives. The use of oral 
contraceptives in women over age 40 with other risk factors is not recommended. The mortality 
associated with all of the methods of birth control is low compared to the risk of childbirth, with the 
exception of oral contraceptive users who smoke and are over age 40. The lowest mortality is 
associated with the condom or diaphragm backed up by early abortion. The risk of thromboembolic 
and thrombotic disease associated with oral contraceptives increases with age after approximately 
s 30 and for myocardial infarction is further increased by hypertension, ypercholesterolemia, 
obesity, diabetes, or history of preeclamptic toxemia, and especially by cigarette smoking. The 
physician and the patient should be alert to the earliest manifestations of thromboembolic and 
thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, 
coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be 
suspected, the drug should be discontinued immediately.lf feasi le, oral contraceptives should be 
discontinued at least 4 weeks before nr a type associated with an increased risk of thrombo- 
embolism or prolonged immobilization. ( ular Lesions. There have been reports of neuro-ocular 
lesions such as optic neuritis or retinal thrombosis associated with the use of oral contraceptives. 
Discontinue the medication if there is unexplained sudden or gradual, partial or complete loss of 
vision; sudden onset of ay ee or diplopia; papilledemia; or retinal vascular lesions, and institute 
appropriate diagnostic and therapeutic measures. 3) Carcinoma. Long term administration of either 
natural or synthetic estrogen in certain animal species increases the trequency of carcinoma of the 
breast, cervix, vagina and liver. In humans, one study investigated the first 21 cases of endometrial 
adenocarcinoma in women on oral contraceptives reported to a registry. Of those women without 
predisposing risk factors for this disease, nearly all occurred in women who had used a sequential oral 
contraceptive. No evidence has been reported suggesting an increased risk of endometrial cancer in 
users of conventional combination or progestin-only oral contraceptives. No increase in breast cancer 
in women taking oral contraceptives has been reported although one study reported an increased risk 
of breast cancer in subgroups of women treated using oral contraceptives with documented benign 
breast disease. There is at present no confirmed evidence from human studies of an increased risk of 
cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
prea > Ag hoon diagnostic measures should be taken to rule out malignancy. Women with a 
strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
mammograms should be monitored with particular care if they elect to use oral contraceptives. 
4) Hepatic Adenoma. Benign hepatic adenomas have been found to be associated with the use of oral 
contraceptives. One mg i reported a higher risk associated with oral contraceptive formulations with 
high hormonal potency. Although benign and rare, hepatic adenomas may rupture and may cause 
death through intra-abdominal hemorrhage. This has been reported in short term as well as long term 
users of oral contraceptives. Two studies relate the risk with duration of contraceptive use, the risk 
being much greater after 4 or more years of oral contraceptive use. While hepatic adenoma is a rare 
lesion, it should be considered in women preron abdominal pain and tenderness, abdominal mass, 
or shock. A few cases of hepatocellular carcinoma have been reported in women taking oral 
contraceptives. The relationship of these drugs to this type of magnan is not known at this time. 
5) Use in Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring. Fetal ab- 
normalities have been reported to occur in the offspring of women who have taken progestogens 
and/or estrogens durin he sealed it has been shown that females exposed in utero to diethyl- 
stibestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a form of vaginal 
or cervical cancer that is ordinarily extremely rare. A high percentage of such exposed women (30% to 
90%) have been found to have epithelial changes of the vagina and cervix. hough these changes 
are histologically benign it is not known whether this condition is a precursor of vaginal malignancy. 
Male children so exposed may develop abnormalities of the urogenital tract. Similar data are not avall- 
able with the use of other estrogens but it cannot be presumed that they would not induce similar 
changes. The data suggest that the risk of limb reduction defects in exposed fetuses is somewhat less 
than 1 in 1000 live births. In the past, female sex hormones have been used during pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that estrogens are 
ineffective for these indications and there is no evidence from well-controlled studies that progestins 
are effective for these uses. Increases in chromosomal aberrations have been reported in women who 
become pregnant soon after ceasing oral contraceptive therapy. Embryos with these anomalies are 


virtually always spontaneously aborted. Whether there is an overall increase in spontaneous abortion 
of pregnancies conceived soon after stopping oral contraceptives is unknown. It is recommended that 
for any patient who has missed two consecutive periods, pregnancy should be ruled out before 
continuing the contraceptive regimen. If the patient has not adhered to the prescribed schedule, the 
possibility of pregnancy should be considered at the time of the first missed period and further use of 
oral contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is confirmed 
the patient should be apprised of the potential risks to the fetus and the advisability of pregnancy 
continuation should be discussed in light of these risks. It is also recommended that women who 
discontinue oral contraceptives with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months. Administration hel pen apa or progestin-estrogen combinations to induce withdrawal 
bleeding should not be used as a test for pregnancy. 6) Gallbladder Disease. Studies have reported an 
increased risk of surgically confirmed gallbladder disease appearing after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral tig users. The Clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women receiving oral contraceptives. The prevalence of hypertension in oral contra- 
ceptive users may be no higher than nonusers in the first year of oral contraceptive use but increases 
with ae alg ag si and in the fifth year of use is two and one-half to three times the reported 
srevalence in the first year. Women who previously had hypertension during nancy may be more 
ikely to develop elevation of blood pressure when given oral contraceptives. d Headaches. e onset 
or exacerbation of migraine or development of headache of a new pattern which is recurrent, per- 
sistent or severe, requires discontinuation of oral contraceptives and investigation of the cause. 
10) Bleeding Irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent reasons for 
pean discontinuing oral contraceptives. In breakthrough bleeding, as in all cases of irregular 

eeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or change to another formulation may 
solve the problem. Changing to an oral contraceptive with a higher estrogen content, while potentially 
useful in minimizing menstrual irregularity, should be done only if necessary since this may increase 
the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary 
amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or to 
become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting prob- 
lems should be advised of this possibility and encouraged to use other contraceptive methods. 
(11) Ectopic Pregnancy. Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

owever, in oral contraceptive failures, the ratio of ectopic to intrauterine pregnancies is higher than in 
women not using oral contraceptives since the drugs are more effective in preventing intrauterine 
rather than ectopic pregnancy. The higher ectopic-intrauterine ratio has been reported with both 
combination products and progestin-only oral pani 12) gees Ne te A small fraction of 
the hormonal agents in oral contraceptives has been identified in the milk of mothers receiving these 
drugs. The long-range effect to the nursing infant cannot be determined at this time. 
Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a general rule, oral 
contraceptives should not be prescribec for longer than 1 year without another physical examination 
being performed. 2) Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may increase in size. 3) Patients with a history of psychic ession should be carefully 
observed and the drug discontinued if depression recurs to a serious degree. 4) Because oral 
contraceptives may cause some degree of fluid retention, conditions which might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, cardiac or renal insufficiency or 
asthma require careful observation. 5) Patients with a past history of jaundice during pregnancy have 
an increased risk of recurrence of jaundice while receiving oral contraceptive therapy. If jaundice 
develops in any patient receiving such drugs, the medication should be discontinued. 6) Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution in such patients. 7) Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is yet to be determined. 8) Serum folate levels may be depressed by oral 
contraceptive therapy. This may complicate subsequent pregnancy with regard to olate deficiency. 
9) The pathologist should be advised of oral contraceptive therapy when relevant specimens are 
submitted. 10) Certain endocrine and liver function tests and blood components may be affected by 
estrogen-containing oral contraceptives: a. Increased sulfobromophthalein retention. b. Increased 
prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased norephinephrine- 
induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading to increased 
circulating total thyroid hormone, as measured by protein -bound iodine (PBI), T, by column, or T, b 
radioimmunoassay. Free T, resin uptake is decreased, reflecting the elevated TBG, free T 
concentration is unaltered. d. Decreased hg selon excretion. e. Reduced response to metyrapone 
test. 11) The active yellow tablets and the inert green tablets in the 28 day regimen of Ovcon-35 
contain FD&C Yellow No. 5 (tartrazine) which may cause allergic-type reaction (inclu bronchial 
asthma) in certain susceptible individuals. Although the overall incidence of FD&C Yellow No. 5 
(tartrazine) sensitivity in the general population is low, it is frequently seen in patients who also have 
= rypersenainy 
Information for the Patient: Detailed Patient Labeling has been prepared for use by the patient and 
has been made available for distribution by the pharmacist. 
Drug Interactions: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 

dverse Reactions: An increased risk of the Oe Serres adverse reactions has been associated 
with the use of oral contraceptives (see Warnings): Thrombophlebitis, pulmonary embolism, coronary 
thrombosis, cerebral thrombosis, cerebral hemorrhage, eg tld gallbladder disease, congenital 
anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: Mesenteric thrombosis; benign 
hepatomas; neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. The following adverse 
reactions have been reported in patients receiving oral contraceptives and are believed to be drug 
related: Nausea and/or vomiting, usually the most common adverse reactions, occur in approximately 
10% or less of patients during the first cycle (other reactions, as a general rule, are seen much less 
frequently or only occasionally); gastrointestinal symptoms (such as abdominal cramps and bloating); 
breakthrough bleeding; spotting; change in menstrual flow; dysmenorrhea; amenorrhea during and 
after treatment; temporary infertility after discontinuance of treatment; edema; chloasma or melasma 
which may persist; breast changes (tenderness, enlargement, and secretion); change in weight (in- 
crease or decrease); change in cervical erosion and cervical secretion; possible diminution in lactation 
when given immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine 
leiomyomata; rash (allergic); mental depression; reduced tolerance to carbohydrates; vaginal can- 
didiasis; changes in corneal curvature (steepening), intolerance to contact lenses. The following 
adverse reactions have been uppe in users of oral contraceptives, and the association has been 
neither confirmed nor refuted: Premenstrual-like syndrome, cataracts, changes in libido, chorea, 
changes in appetite, cystitis-like syndrome, headache, hemolytic uremic syndrome, nervousness, 
dizziness, hirsutism, loss of scalp hair, erythema multiforme, erhythema nodosum, hemorrhagic 
eruption, vaginitis, porphyria. 
Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large doses 
of oral contraceptives by young children. Overdosage may cause nausea, and withdrawal bleeding 


may occur in females. 
Mead Hne 


LABORATORIES 


5u, A Bristol-Myers Company 
ud Evansville, Indiana 47721 
U.S.A. 
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Induction of labor with pulsatile oxytocin 1868 
Karen C. Cummiskey, MD, and M. Yusoff Dawood, MD 
Louisville, Kentucky, and Houston, Texas 


Pulsatile oxytocin required significantly less oxytocin and infusion fluid to induce labor and 
was as effective as and potentially safer than continuous oxytocin infusion. 


Inhibition of spontaneous uterine contractions during the last trimester in 1875 
pregnant baboons by an oxytocin antagonist 


Laird Wilson, Jr., PhD, Michael T. Parsons, MD, and George Flouret, PhD 
Chicago, Illinois, and Tampa, Florida 


An oxytocin antagonist is a potent inhibitor of spontaneous uterine contractile activity during 
the last trimester of pregnancy in the baboon. 


Evidence of a role for protein kinase C in epidermal growth 1883 
factor-induced prostaglandin E> synthesis in amnion cells 


Douglas A. Kniss, PhD, John Mershon, MD, Hsing-Chih Su, BS, Jiri Sonek, MD, Richard H. Fertel, PhD, 
Michael Waxman, BS, Jay D. Iams, MD, and Steven G. Gabbe, MD 
Columbus, Ohio 


The ubiquitous enzyme protein kinase C potentiates epidermal growth factor-induced 
prostaglandin E> synthesis and may play an important modulatory role in human amnion cell 
function during the onset of labor. 


Lymphokine production during term human pregnancy: Differences 1890 
between peripheral leukocytes and decidual cells 


Donald J. Dudley, MD, Murray D. Mitchell, DPhil, Kathryn Creighton, BS, and D. Ware Branch, MD 
Salt Lake City, Utah 


Decidual cells, morphologically resembling lymphocytes, produce significantly more 
granulocyte-macrophage colony-stimulating factor after stimulation than do peripheral 
leukocytes. 


The effect of maternal hyperoxia on behavioral activity in 1894 
growth-retarded human fetuses 


Robert Gagnon, MD, Cora Hunse, RN, and Shubnum Vijan, BSc 
London, Ontario, Canada 


Maternal hyperoxia produces sustained fetal breathing activity without changes in fetal heart 
rate or fetal body movement patterns in growth-restricted human fetuses. 


Observations on the cause of oligohydramnios in prolonged pregnancy 1900 
Kenneth J. Trimmer, MD, Kenneth J. Leveno, MD, Mark T. Peters, MD, and Mary Anne Kelly, RN 
Dallas, Texas 


Hourly fetal urine production rates were ultrasonographically measured in postterm 
pregnancies and found to be 50% decreased when oligohydramnios was present. 
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A mechanism leading to reduced lung expansion and lung hypoplasia in 1904 
fetal sheep during oligohydramnios 
Richard Harding, PhD, Stuart B. Hooper, PhD, and Kerry A. Dickson, PhD 


Melbourne, Australia 


The mechanism whereby oligohydramnios leads to reduced fetal lung expansion and eventual 
lung hypoplasia was investigated; changes in fetal posture, exacerbated by nonlabor uterine 
contractions, are considered to play a major role. 


Soluble factors produced by isolated first-trimester chorionic villi directly 1914 
inhibit proliferation of T cells 
Richard K. Silver, MD, Jane M. Turbov, BA, Judith A. Beaird, BS, and Joseph Golbus, MD 


Evanston, Illinois 


Suppression of lymphocyte transformation by chorionic villus culture supernatants suggests 
that soluble trophoblast factors may contribute to the survival of the fetal allograft. 


Proliferative and antiproliferative effects of interferon-y and tumor 1920 
necrosis factor-a on cell lines derived from cervical and ovarian 

malignancies 

David G. Mutch, MD, L. Stewart Massad, MD, Ming-Shian Kao, MD, and John Leslie Collins, PhD 


St. Louis, Missouri 


Tumor necrosis factor-a and interferon-y can stimulate or inhibit the in vitro growth of 
malignant cervical and ovarian cell lines; clinical responses may be similarly heterogeneous. 


Distribution of CA 125 in embryonic tissues and adult derivatives of the 1925 
fetal periderm 

Hildur Hardardottir, MD, Tim H. Parmley II, MD, J. Gerald Quirk, Jr., MD, PhD, M. Melinda Sanders, MD, 
Frank C. Miller, MD, and Timothy J. O’Brien, PhD 

Little Rock, Arkansas 


Newly developed murine monoclonal antibodies to CA 125 were used to localize antigen in 
formalin-fixed embryonic tissue, adult apocrine sweat glands, and mammary glands. 


Comparison of norethindrone and medroxyprogesterone acetate with 1932 
natural progesterone and estradiol in stimulating prolactin production 

from cultured endometrial stromal cells 

Jay H. Levin, MD, Sharon A. Tonetta, PhD, and Rogerio A. Lobo, MD 


Los Angeles, California 


Relative potencies of the synthetic progestins norethindrone and medroxyprogesterone acetate 
compared with natural progesterone, with and without estradiol, for stimulating endometrial 
stromal cell prolactin production are established. 
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“I was devastated 
when | found out 


What a relief 
when my doctor 
recommended a 
treatment program 
including Zovirax 
Ointment.” 


Zovirax® (acyclovir) Ointment 5% 
program for initial herpes genitalis. As 


5% significantly lessens the duration 
of pain, shortens viral shedding, and 
speeds healing.” 


Whenever the comfort of a topical 
antiviral medication is desired, prescribe 
Zovirax Ointment 5% for initial herpes 
genitalis. It suits her needs—just when 
she needs it most. 


In initial herpes 
genitalis, 


ZOVIRAX 
(ACYCLOVIR) 
OINTMENT 5% 


Antiviral Action... 
Proven Results 


Please see brief summary of prescribing 
information on next page. 


References: 1. Lacey CJN, Meaden JD, Darville JM, et al. Topical 
acyclovir ointment in the treatment of genital herpes simplex virus 
infections. Eur J Sex Trans Dis. 1985;2:167-170. 2. Thin RN, Nabarro 
JM, Parker JD, Fiddian AP. Topical acyclovir in the treatment of initial 
genital herpes. Br J Vener Dis. 1983;59:116-119. 3. Corey L, Benedetti 
JK, Critchlow CW, et al. Double-blind controlled trial of topical 
acyclovir in genital herpes simplex virus infections. Acyclovir 
symposium. Am | Med. 1982;73:326-334. 


| had genital herpes. 


is an ideal complement to any treatment 


clinical studies confirm, Zovirax Ointment 














































ZOVIRA . 
(ACYCLOVIR) 
OINTMENT 5% 


Before prescribing, please consult full package insert, 4 surhimary of which follows: 


INDICATIONS AND USAGE: Zovirax (Acyclovir) Ointment 5% is indicated in the management of initial 
herpes genitalis and in limited nonlife-threatening mucocutaneous Herpes simplex virus infections 
in immunocompromised patients. In clinical trials of initial herpes genitalis, Zovirax Ointment 5% has 
shown a decrease in healing time and in some cases a decrease in duration of viral shedding and 
duration of pain. In studies in imnmunocompromised patients with mainly herpes labialis, there was 
a decrease in duration of viral shedding and a slight decrease in duration of pain. 

By contrast, in studies of recurrent herpes genitalis and of herpes labialis in nonimmunocompro- 
mised patients, there was no evidence of clinical benefit; there was some decrease in duration of viral 
shedding. 

Diagnosis: Whereas cutaneous lesions associated with Herpes simplex infections are often 
characteristic, the finding of multinucleated giant cells in smears prepared from lesion exudate or 
scrapings may assist in the diagnosis.’ Positive cultures for Herpes simplex virus offer a reliable means 
for confirmation of the diagnosis. In genital herpes, appropriate examinations should be performed 
to rule out other sexually transmitted diseases. 


CONTRAINDICATIONS: Zovirax Ointment 5% is contraindicated for patients who develop hypersen- 
sitivity or chemical intolerance to the components of the formulation. 


WARNINGS: Zovirax Ointment 5% is intended for cutaneous use only and should not be used in the eye. 


PRECAUTIONS: 

General: The recommended dosage, frequency of applications, and length of treatment should not 
be exceeded (see DOSAGE AND ADMINISTRATION). There exist no data which demonstrate that the 
use of Zovirax Ointment 5% will either prevent transmission of infection to other persons or prevent 
recurrent infections when applied in the absence of signs and symptoms. Zovirax Ointment 5% should 
not be used for the prevention of recurrent HSV infections. Although clinically significant viral resis- 
tance associated with the use of Zovirax Ointment 5% has not been observed, this possibility exists. 
Drug Interactions: Clinical experience has identified no interactions resulting from topical or systemic 
administration of other drugs concomitantly with Zovirax Ointment 5%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 150 and 450 mg/kg/day given by gavage. These studies 
showed no statistically significant difference in the incidence of benign and malignant tumors pro- 
duced in drug-treated as compared to control animals, nor did acyclovir induce the occurrence of tumors 
earlier in drug-treated animals as compared to controls. In 2 in vitro cell transformation assays, used 
to provide preliminary assessment of potential oncogenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose 
used in one system and the resulting morphologically transformed cells formed tumors when inoculated 
into immunosuppressed, syngeneic, weanling mice. Acyclovir was negative in another transforma- 
tion system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg acyclovir 
in rats or Chinese hamsters; higher doses of 500 and 1000 mg/kg were clastogenic in Chinese 
hamsters. In addition, no activity was found in a dominant lethal study in mice. In 9 of 11 microbial 
and mammalian cell assays, no evidence of mutagenicity was observed. In 2 mammalian cell assays 
(human lymphocytes and L5178Y mouse lymphoma cells in vitro), positive response for mutagenici- 
ty and chromosomal damage occurred, but only at concentrations at least 1000 times the plasma levels 
achieved in man following topical application. 

Acyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day or in 
rats at subcutaneous doses up to 25 mg/kg/day. In rabbits given a high dose of acyclovir (50 
mg/kg/day, s.c.), there was a Statistically significant decrease in implantation efficiency. 
Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day, p.o.), rabbit (50 mg/kg/day, S.c. and i.v.) or in standard tests in the rat (50 
mg/kg/day, S.c.). In a non-standard test in rats, fetal abnormalities, such as head and tail anomalies, 
were observed following subcutaneous administration of acyclovir at very high doses associated with 
toxicity to the maternal rat. The clinical relevance of these findings is uncertain.* There are no ade- 
quate and well-controlled studies in pregnant women. Acyclovir should not be used during pregnan- 
cy unless the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Zovirax is administered to a nursing 
woman. 


ADVERSE REACTIONS: Because ulcerated genital lesions are characteristically tender and sensitive 
to any contact or manipulation, patients may experience discomfort upon application of ointment. 
In the controlled clinical trials, mild pain (including transient burning anc stinging) was reported by 
103 (28.3%) of 364 patients treated with acyclovir and by 115 (31.1%) of 370 patients treated with 
placebo; treatment was discontinued in 2 of these patients. Other local reactions among acyclovir- 
treated patients included pruritus in 15 (4.1%), rash in 1 (0.3%) and vulvitis in 1 (0.3%). Among 
the placebo-treated patients, pruritus was reported by 17 (4.6%) and rash by 1 (0.3%). 

In all studies, there was no significant difference between the drug and placebo group in the rate or 
type of reported adverse reactions nor were there any differences in abnormal clinical laboratory findings. 
OVERDOSAGE: Overdosage by topical application of Zovirax Ointment 5% is unlikely because of limited 
transcutaneous absorption (see Clinical Pharmacology). 

DOSAGE AND ADMINISTRATION: Apply sufficient quantity to adequately cover all lesions every 3 
hours 6 times per day for 7 days. The dose size per application will vary depending upon the total 
lesion area but should approximate a one-half inch ribbon of ointment per 4 square inches of surface 
area. A finger cot or rubber glove should be used when applying Zovirax to prevent autoinoculation 
of other body sites and transmission of infection to other persons. Therapy should be initiated as ear- 
ly as possible following onset of signs and symptoms. 

HOW SUPPLIED: Zovirax Ointment 5% is supplied in 15 g tubes (NDC 0081-0993-94) and 3 g tubes 
(NDC 0081-0993-41). Each gram contains 50 mg acyclovir in a polyethylene glycol base. Store at 
15°-25°C (59°-77°F) in a dry place. 
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A rabbit model for bacteria-induced preterm pregnancy loss 1938 
Raymond A. Dombroski, MD, Donna S. Woodard, PhD, Michael J. K. Harper, PhD, 

and Ronald S. Gibbs, MD 

San Antonio, Texas 


Hysteroscopic introduction of bacteria into the uterus of preterm pregnant rabbits leads to 
pregnancy loss. 


In vitro inhibition of esterase activity in amniotic fluid: Comparison with 1944 
bacterial cultures 

Iffath Abbasi Hoskins, MD, Joseph Katz, PhD, Faith J. Frieden, MD, Steven A. Ordorica, MD, 

and Bruce K. Young, MD 

New York, New York 


In vitro inhibition of leukocyte esterase activity in amniotic fluid was useful in identifying 
specific groups of infecting organisms in chorioamnionitis. 


Smoking and the antioxidant ascorbic acid: Plasma, leukocyte, and 1948 
cervicovaginal cell concentrations in normal healthy women 


Jayasri Basu, PhD, Magdy S. Mikhail, MD, Patricia H. Payraudeau, MD, Prabhudas R. Palan, PhD, and 
Seymour L. Romney, MD 
Bronx, New York 


Comparisons were made between healthy smokers and healthy nonsmokers that revealed 
changes in the levels of ascorbic acid in plasma, leukocytes, and exfoliated cervicovaginal 
cells. 


Short-term effects of smoking on the pharmacokinetic profiles of 1953 
micronized estradiol in postmenopausal women 


Denise Lee Cassidenti, MD, Ariel G. Vijod, MS, Marcela A. Vijod, BS, Frank Z. Stanczyk, PhD, and 
Rogerio A. Lobo, MD 
Los Angeles, California 


Smoking induced changes in hepatic estrogen metabolism; this was best reflected by increased 
serum estrone sulfate and decreased unbound estradiol but normal estradiol and estrone in 
moderate smokers. 


Oxytocin and vasopressin binding sites in human and bovine ovaries 1961 
Anna-Riitta Fuchs, DSc, Oliver Behrens, MD, Hanns Helmer, MD, Annette Vangsted, MD, 

Marina Ivanisevic, MD, Jamie Grifo, MD, PhD, Ciro Barros, PhD, and Michael Fields, PhD 

New York, New York, and Gainesville, Florida 


Binding sites for oxytocin and vasopressin were found in human and bovine ovaries with cyclic 
variations that suggest a paracrine role in luteolysis and ovulation. 
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Correlation of the testicular determinant factor sequence zinc finger Y 1968 
with varying gonadal phenotypes in a series of 13 subjects with gonadal 

dysgenesis due to Y aneuploidy 

Sandra P.T. Tho, MD, Ali Behzadian, PhD, J. Rogers Byrd, PhD, and Paul G. McDonough, MD 


Augusta, Georgia 


Zinc finger Y was consistently identified in 4 of 13 individuals with Y aneuploidy and 
testicular formation; lack of testicular development in the seven remaining zinc finger 
Y—positive subjects may be due to single-point mutations in zinc finger Y or other pathway 
genes. 


isolation and characterization of the gene from a human genome 1976 
encoding 17(6-estradiol dehydrogenase: A comparison of Jar and BeWo 
choriocarcinoma cell lines 

Cecil A. Long, MD, Gregory S. Bauer, Mark E. Lowe, MD, PhD, Arnold W. Strauss, MD, and 

Michael J. Gast, MD, PhD 

St. Louis, Missouri 


A human gene encoding estradiol dehydrogenase was characterized and expression of this 
gene in choriocarcinoma cell lines was compared with that of normal cells. 


Antiprogestin treatment decreases midluteal luteinizing hormone pulse 1982 
amplitude and primarily exerts a pituitary inhibition 

Donna Shoupe, MD, Daniel R. Mishell, Jr., MD, Gregory Fossum, MD, Bradford L. Bopp, Irving M. Spitz, MD, 
and Rogerio A. Lobo, MD 

Los Angeles, California, and New York, New York 


When given in the midluteal phase, RU 486 decreases luteinizing hormone pulse amplitude, 
possibly through a direct pituitary effect that is not mediated through endogenous opioids. 


Luteal insufficiency: Correlation between endometrial dating and 1986 
integrated progesterone output in clomiphene citrate—induced cycles 
Bryan R. Hecht, MD, Wadi A. Bardawil, MD, Firyal S. Khan-Dawood, PhD, and M. Yusoff Dawood, MD 


Chicago, Illinois, and Houston, Texas 


Clomiphene citrate treatment produced true luteal phase defect as a result of significantly 
diminished integrated luteal phase progesterone output in only one of 19 cycles. 


Specific binding sites for insulin-like growth factor | in the ovarian stroma 1992 
of women with polycystic ovarian disease and stromal hyperthecosis 
Manubai Nagamani, MD, and Charles A. Stuart, MD 


Galveston, Texas 


In women with polycystic ovarian disease and hyperthecosis, the ovarian stroma has decreased 
binding sites for insulin but has normal concentration of insulin-like growth factor I 
receptors. 
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Las YEA ED TY 
GAVE UP PRIVATE PRACTICE 


FOR A CHALLENGING 
NEW CAREER 













[hey didnt give up medicine. They just started practicing it in a more 
exhilarating environment. 

An environment that affords them many tangible benefits. Like a diverse practice, 
unlimited access to medical specialities, and financial security. Plus a lot of 
intangibles. Like a comfortable lifestyle, an opportunity for worldwide experiences 
and the respect that goes along with being an Air Force officer 

Of course, to enter an environment this rewarding, they did have to give up a few 
things. Like rent, equipment expenses, malpractice insurance, payrolls and 
utility bills, 

Now, you may be intrigued by such a unique opportunity. But like any 
good medical professional, you'd probably like a complete case history. ie 





90 call 1-800-423-USAF Or send your curriculum vitae to Colonel William 
E. Patterson, United States Air Force/RSH, Randolph 
Air Force Base, Texas 78150-5421. AIM HIGH. // 
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Evidence of heterogeneous mechanisms in lipoprotein lipid alterations in 1998 
hyperandrogenic women 

Robert A. Wild, MD, Mary Bartholomew, MS, Deborah Applebaum-Bowden, PhD, Laurence M. Demers, PhD, 
William Hazzard, MD, and Richard J. Santen, MD 

Oklahoma City, Oklahoma, Hershey, Pennsylvania, and Winston-Salem, North Carolina 


Sources of hyperandrogenism in hirsute women are heterogeneous as are their lipoprotein lipid 
profiles; those with high luteinizing hormone/follicle-stimulating hormone ratios may have 
different reasons for lipid alterations. 


Lectins and heparin-binding features of human spermatozoa as analyzed 2006 
by flow cytometry 
Jaime M. Vasquez, MD, Susan F. Magargee, MS, Elaine Kunze, BA, and Roy H. Hammerstedt, PhD 


Madison, Wisconsin, and University Park and Philadelphia, Pennsylvania 


Flow cytometric analysis of human seminal samples detects unique characteristics of sperm 


surfaces. 


Preembryo biopsy and analysis of blastomeres by in situ hybridization 2013 
Jamie A. Grifo, MD, PhD, Ann Boyle, BS, MS, Evan Fischer, BA, Gad Lavy, MD, Alan H. DeCherney, MD, 
David C. Ward, PhD, and Mrinal K. Sanyal, PhD 

New Haven, Connecticut 


Blastomeres isolated by preembryo biopsy from mouse and human being were analyzed by in 
situ hybridization with chromosome- and gene-specific probes. 


Factors affecting embryo implantation after human in vitro fertilization: A 2020 
hypothesis 
Richard J. Paulson, MD, Mark V. Sauer, MD, and Rogerio A. Lobo, MD 


Los Angeles, California 


Pregnancy after human in vitro fertilization is dependent on embryo implantation, which is 
described as a function of transfer efficiency, embryo quality, and endometrial receptivity. 


LETTERS TO THE EDITORS 


Prediction of residual trophoblastic tissue in first-trimester abortions: The role of transvaginal Doppler 
ultrasonography Achiron Reuwen, MD Jerusalem, Israel 2024 


Suprapubic or vaginal procedure Jaime A. Cabrera, MD, Zsigmund Szekely, MD, and Jairo A. Ospitia, MD 
Bogota, Columbia 2025 


Reply Arich Bergman, MD, Charles A. Ballard, MD, and Paul P. Koonings, MD Los Angeles, California 2025 
Tubal embryo successfully transferred in utero Landrum B. Shettles, PhD, MD Las Vegas, Nevada 2026 
Use of midforceps applauded Jorge O. Escamilla, MD Brooksville, Florida 2027 
Findings not new David A. Abell, MGO, and Normal A. Beischer, MD East Melbourne, Victoria, Australia 2027 


Reply Oded Langer, MD San Antonio, Texas 2028 
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NORTHERN CALIFORNIA 


The Permanente Medical Group, the largest multispecialty group 

practice in the U.S., is undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, Sacramento and the 
Central Valley. Our rapid increase in membership has created practice 
opportunities throughout the region for additional BC/BE Obstetricians 


and Gynecologists. 


Our physician-managed group is part of the comprehensive Kaiser 
Permanente Medical Care Program. As a TPMG physician, you have 
access to the latest medical technology and resources, the support of 
colleagues in all subspecialties — and the opportunity to provide 
excellent health care without the burdens of managing a practice. 


Join us in one of these facilities: 


Richmond — Small, congenial clinic 
setting staffed by five physicians and 
five nurse practitioners with ready 
consultation for other services, 
including perinatology. Practice 
general OB/GYN, high-risk obstetrics 
and infertility. Expertise in colposcopy, 
laparoscopy, hysteroscopy and laser 
welcome. Resident teaching 
opportunities exist. Staff call at Kaiser 
Hospital in Oakland, shared with 
resident staff. 


Oakland — Twenty physicians, 12 
residents offer services in oncology, 
infertility, maternal-fetal medicine and a 
large ICN. 


Redwood City — Specializes in family- 
centered maternity care; offers modern 
LDR rooms and full range of gyneco- 
logical surgery. With ten physicians, 
24-hour call is required three times 
each month. Beautiful Peninsula 
location, near San Francisco and the 
Pacific Ocean. 


Stockton — Small four physician 
department in a new clinic building 
with new equipment, including laser. 
Stockton's lifestyle is affordable and 
attractive, offering recreational activities 
such as boating on the inland water- 
ways. Centrally located, with moun- 
tains to the east and San Francisco Bay 
Area to the west. 


Roseville — Eight physicians and two 
nurse practitioners in clinic setting. 
Patients are hospitalized for delivery 
and surgery in Sacramento where 
physicians take call for L&D and 
emergency about 5 times each month. 


San Francisco — Full range of ser- 
vices including large high-risk, tertiary 
care OB service. Eighteen physicians, 
including GYN Oncologist. Residency 
program. Clinical research and aca- 
demic teaching appointments available. 
Sacramento — Growing metropolitan 
area between San Francisco Bay Area 
and Sierra Nevada mountains. Up-to- 
date facility with active staff of 14 and 
excellent residency program affiliated 
with the University of California at 
Davis. Flexible call averaging five 
shifts per month covers L&D, emer- 
gency room and inpatient services. 


Pleasanton — Staffed by four physi- 
cians and three nurse practitioners, 
clinic provides general OB/GYN ser- 
vices, non-stress tests, ultrasound and 
cystoscopy. Consultant support, in- 
cluding a Perinatologist, readily avail- 
able. Share call with staff of Walnut 
Creek Medical Center. Affiliated with 
the University of California at San 
Francisco as clinical instructors. 
Fresno — Ground-floor opportunities 
in growing area for clinically-oriented 
individuals. Provide general OB/GYN; 
special interests encouraged. Planning 
new $26 million outpatient facility to 
accompany current medical office 
building. On call every fourth night 
and weekend. Local residency program 
at Valley Medical Center affiliated with 
the University of California at San 
Francisco. Teaching positions possible. 
South San Francisco — Full service 
except L&D. Nine physicians, six nurse 
practitioners. On San Francisco 
Peninsula, 15 minutes from downtown. 


TPMG offers many benefits: scheduled time off with cross-coverage provided by your 


colleagues, continuing education, malpractice insurance, a substantial retirement program 


and special arrangements for physicians transferring from established practice. For 


complete information, call or send CV to: The Permanente Medical Group, Inc., Richmond 
Prescott, M.D., Physician Recruitment Services, Dept. AOG-8348, 1814 Franklin, 4th Floor, 


Oakland, CA 94612. (800) 777-4912. EOE 
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Manuscript submission. Manuscripts should be submit- 
ted to one of the three Editors as follows: 

1. Dr. Brewer—all manuscripts originating from the 
southeastern quadrant of the United States or Canada and 
those presented before one of the official sponsoring 
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Author’s designation of reviewers. When authors submit 
their manuscripts, they may provide the names and ad- 
dresses of three reviewers for consideration by the Editors. 

Copyright statement. The specified copyright statement 
that follows the Information for Authors in each issue of the 
JOURNAL must be completed, signed by all authors, and 
submitted with the manuscript. (The Checklist and Copy- 
right Statement may be torn from the JOURNAL or photo- 
copied for submission.) If not completed in full, it will be 


` returned to the author for completion. 


Checklist. The checklist that appears with the copyright 
statement in each issue of the JOURNAL must be fully com- 
pleted by the author(s) and sent with each submitted manu- 
script. A more complete description of each item that must 
be checked is provided under the appropriate heading in the 
Information for Authors, which is published in each issue 
of the JOURNAL. If the checklist is not completed in full, the 
deficiencies will be noted, and the form, as well as the 
manuscript when necessary, will be returned to the author 
for completion. 

Previous publication. If a report by the same author(s) 
has been previously published in any medium that deals in 
any respect whatever with the same patients, same ani- 
mals, same laboratory experiments, or same data, in part 
or in full, as those reported in the manuscript being 
submitted, two reprints of the-.article or two copies of the 
manuscript, be it a full-length report or an abstract, must 
be submitted with the manuscript. The author(s) should 
inform the Editor of the circumstances of the two reports. 
This requirement also applies to the submission of a 
manuscript in which a few different patients, animals, 
laboratory experiments, or data were added to those 
reported in a previous publication or in a submitted or 
accepted manuscript. Articles previously published in 
another language will not be considered. 

Human and animal experimentation. It is assumed by the 


Editors that manuscripts emanating from a particular 
institution are submitted with the approval of the requisite 
authority. Human experimentation that requires local 
institutional] approval must have this approval before the 
experiment is started and approval must be so indicated in 
the Methods section of the submitted manuscript. Reports 
of experiments on animals must state in the Methods 
section of the manuscript that the guidelines for the care 
and use of the animals approved by the local institution 
were followed. The species of nonhuman animals used in an 
investigation must be named in the title, abstract, and key 
words of the manuscript. 

Authorship. For manuscripts with two or more authors, 
each author must qualify by having participated actively 
and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship 
list of a report is based only (1) on substantia] contribu- 
tions to (a) concept and design, or analysis and interpreta- 
tion of data and (b) drafting the manuscript or revising it 
critically for important intellectual content; and (2) on 
final approval by each author of the version of the 
manuscript. Conditions 1 (a and b) and 2 must both be 
met. Others contributing to the work should be recognized 
separately in an Acknowledgment. In the covering letter 
that accompanies the submitted manuscript, it must be 
confirmed that all authors fulfilled both conditions. 

Conflict of interest. Authors are expected to inform the 
Editor, in a letter accompanying the submitted manuscript, 
of any commercial association that might pose a conflict of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the 
consultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manuscript is 
accepted, the author and the Editor will determine how best 
to release the information. The usual and customary listing 
of sources of support and institutional affiliations on the 
title page is proper and does not imply a conflict of interest; 
only where there is a possible conflict of interest is the 
author(s) expected to inform the Editor. . 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or publisher, and 
the Editor(s) and publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guaran- 
tee any claim made by the manufacturer of such product or 
service. 

General requirements for preparation of manuscripts 

The original and two good-quality photocopies of the 
manuscript and three sets of glossy prints of illustrations 
are required. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensation, abstract, body of text, 
acknowledgments, references, legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing 
purposes); author line with first name, middle initial, and 
last name of each author and each author’s highest 
academic degree (both MD and PhD are acceptable); 
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city(ies), state(s) in which the study was conducted; 
divisional, or departmental, and institutional affiliations at 
the time the study was performed; source(s) of financial 
support; presented line, if applicable; disclaimers, if any; 
name, address, and business and home telephone numbers 
of author to whom requests for reprints should be 
addressed (if reprints will not be available, it should be so 
stated); and name, address, and business and home tele- 
phone numbers of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
exceeding 52 characters (including word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages 
of the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. f 

Abstract page and key words/phrases. On manuscript 
page 3 type the abstract, double-spaced, with the required 
margins and headed by the title of the article and name(s) 
of author(s). Abstracts for regular articles, Current Investi- 
gation, Clinical Opinion, and Current Development may 
not exceed 150 words. Abstracts for case reports and brief 
communications may not exceed 50 words. Below the ab- 
stract list 3 to 5 key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations, since the emphasis is on the “action” rather 
than on the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it 
is a Standard unit of measurement. 

Either the generic, chemical. or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 


‘references as background. 


In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 


Estimating length of manuscripts 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200-word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7-page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double-spaced with the required 1-inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 words in manuscript. Thus, ifa greater 
number of illustrations and tables are used, the length of the text should be adjusted 
accordingly. 


only your important observations; do not compare your 
observations with those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who have 
made substantive contributions to the study. 

References. A reasonable number are allowed, except in 
case reports and brief communications (limited to 2) and in 
manuscripts for the Current Development section (for 
which there is no limit). Number references consecutively in 
the order in which they are mentioned in the text. Use the 
format of the “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals” (Vancouver style) (Ann 
Intern Med 1988;108:258-65). Journal titles should con- 
form to abbreviations used in Cumulated Index Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Fischermann E, Quilligan EJ, et 
al. Vaginal delivery following cesarean section—use of 
oxytocin augmentation and epidural anesthesia. AM J 
OBSTET GYNECOL 1984;148:759-63. 


Books: James VHT, Folkerd EJ, Bonney RC, Beranek 
PA, Reed MJ. Factors influencing estrogen production 
and metabolism in postmenopausal women with endo- 
crine cancer. In: van Herendael HB, Riphagen FE, 
Goessens L, van der Pas H, eds. The climacteric, an 
update. Lancaster, England: MTP Press, 1983:29. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Abstracts are not acceptable as 
numbered references. 

Illustrations and tables. Illustrations and tables should 
supplement, not duplicate, the text; presentation of data in 
either one or the other will suffice. 

A reasonable number of halftone and line illustrations 
will be reproduced without charge, but special arrange- 
ments must be made with the Editors for color illustra- 





tions at a cost of $525 per page (one side). 

For color photographs submit original transparencies 
and two sets of unmounted prints on glossy (smooth- 
surface) paper. Polaroid prints are not acceptable. Color 
transparencies must have a color balance (consistency in 
lighting and film speed) that is acceptable to the author 
and Editors before acceptance for publication. Please note 
that 35 mm transparencies are enlarged to twice their 
original size. If it is important to deviate from this 
standard, please so indicate when the material is submit- 
ted. The top, first author's last name, and figure number 
must be indicated on the front of each transparency and 
the back of each print. Consistency in size of illustrations 
within the article is strongly preferred. 

For black-and-white illustrations submit three sets of 
3x4 inch (minimum) to 5X7 inch (maximum) 
unmounted, glossy photographic prints. All lettering must 
be done with commercially available paste-on letters (or 
numbers) or by a professional; typed or freehand lettering 
is not acceptable. All lettering must be in proportion to the 
drawing, graph, or photograph. Original drawings, appro- 
priately done in black India ink, roentgenograms, and 
other material must be submitted as glossy photographic 
prints with good black-and-white contrast. Consistency in 
size within the article is strongly preferred. Any special 
instructions regarding sizing should be clearly noted. 

Do not use paper clips or mar the surface of prints in any 
way. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified thusly on the back of the print 
{gummed label with): author(s) name(s), title of article, 
number, and top marked clearly. 

Figures will be returned only on request by the author. 

Tables should be typed on separate sheets of paper, one 
table to a page, and included at the end of the text. They 
should be numbered in Roman numerals. Each table must 
be cited in sequence at an appropriate point in the text. 
Captions should be brief yet indicate clearly the purpose or 
content of each table, and each column should be precisely 
defined by headings. Abbreviations and special designations 
should be explained in a footnote to the table. Zf a table 
or any part thereof has been taken from copyrighted 
material, a legend to the table must give full credit to the 
original source. Special arrangements must be made with 
the Editors for elaborate tables because of space limita- 
tions. 

Legends to illustrations. Legends for all figures must be 


typed double-spaced on paper separate from the text of the 
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manuscript, and these pages must be numbered in 


sequence after the references. Titles should be included in 
the legend, not on the print. Original magnifications 
should be provided. If an illustration has been taken from 
copyrighted material, the legend must give full credit to 
the original source. 

Computer-generated illustrations. Black-and-white il- 
lustrations submitted must be legible and clearly printed 
in jet-black ink on heavy coated paper with either a glossy 
or dull finish. Any patterns or shadings must be dark 
enough for reproduction and must be distinguishable from 
each other. Lines, symbols, and letters should be both 
smooth and complete. The legend for the illustration 
should not appear on the print. On the back ofeach print 
the name of the first author and the figure number should 
be given and the top indicated. Original individual laser or 
plotter prints are to be submitted unmounted with the 
manuscript. Laser prints should be full size at 300 dots per 
inch (DPI) or greater full-page resolution; multiple illus- 
trations on a page cannot be accepted. Dot matrix prints 
and photographic halftones are not acceptable. Color 
illustrations are acceptable, but special arrangements 
must be made with the Editors. The colors used must be 
dark enough and of sufficient contrast for reproduction. 
With the exception of fluorescent colors, all colors can be 
reproduced in four-color illustrations. The preparation and 
submitting of color prints should follow the preceding 
guidelines for black-and-white computer-generated illus- 
trations. 

Permissions. Direct quotations, tables, or illustrations 
that have appeared in copyrighted material must be 
accompanied by written permission for their use from the 
copyright owner and original author along with complete 
information as to source. Photographs of identifiable 
persons must be accompanied by signed releases or else all 
_ recognizable features masked. 

Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for regular 
article. 

Clinical Opinion. Limit of 3000 words. Include abstract 
of 50 to 150 words, 3 to 5 key words/phrases, and short 
title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
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submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
[excluding references, name(s) and address(es) of the sign- 
er(s), and the phrase “To the Editors”]. The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all co-signers.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of correspondence will be considered for pub- 
lication. (1) A Letter to the Editors commenting on an 
article that has appeared in the JOURNAL should be brief 
and directly related to the published article. The editorial 
staff reserves the right to shorten letters if necessary and to 
make minor editorial alterations without reference to the 
writer. Letters may be published together with a reply from 
the original author. If the original author does not respond, 
a notation indicating “Response declined” will be pub- 
lished. As space for letters is -imited, only a selection of 
letters submitted may be published. (2) A brief casé pre- 
sentation or a short report of a pertinent observation in the 
form of a Letter to the Editors will be considered for pub- 
lication. 

Announcements. Announcements of major meetings and 
other significant activities must be received at least 8 
weeks before the desired month of publication. All announ- 
cements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be 
limited to title of meeting, date, place, and an address to 
obtain further information. Send announcements and pay- 
ment, payable to this JOURNAL, to Kay G. Goehler, Senior 
Manuscript Editor, Journal Editing, Mosby—Year Book, 
Inc., 11830 Westline Industrial Drive, St. Louis, MO 
63146-3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints 

Reprints of articles must be obtained from the author. 
The corresponding author will receive a price schedule and 
order form at the time of publication. Reprints in quanti- 
ties must be ordered from the publisher with the author’s 
consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby—Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (314) 872-8370. 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—-The original and two copies of the manuscript are sub- 
mitted. 

-——The appropriate signed completed checklist and assign- 
ment of copyright signed by all authors accompany the 
manuscript. 

—~Three sets of unmounted glossy photographic prints are 
submitted, properly numbered and labeled on the back of 
each print. 

--Three sets of computer-generated figures printed on 
heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back are submitted. None are dot matrix or photo- 
graphic prints. | 

~—Human experimentation has been approved by the local 
institution as stated in the Methods section. 

—-Guidelines for the care and use of animals approved by 
the institution have been followed as indicated in the 
Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed double-spaced 
on bond paper with l-inch margins at top, bottom, and 
sides. 

—All pages are numbered in the following order: title page, 
condensation, abstract, body of the text, acknowledg- 
ments only of persons who have made substantive con- 
tributions to. the study, references, legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 
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Is intrauterine transfusion associated with diminished 
fetal growth? 


Gregory O. Utter, MD; Michael L. Socol, MD, Sharon L. Dooley, MD, 
Scott N. MacGregor, DO, and Dietra D. Millard, MD” l 


Chicago, Illinois 


Studies in animal models and human pregnancies suggest that severe fetal anemia and/or replacement of 
fetal with adult blood result in decreased pH, increased base deficit, and hyperlactacidemia. Similar 
changes have been noted in growth-retarded, nonanemic fetuses, and we therefore hypothesized that 
isoimmunized fetuses requiring intrauterine transfusions might have diminished growth. We longitudinally 
studied growth patterns in 17 isoimmunized fetuses by noting biparietai diameter and head and abdominal 
circumference measurements at each transfusion. The distributions of these measurements above and 
below the 25th, 50th, and 75th percentiles derived from our general obstetric population were compared at 
the initial transfusion and the last ultrasonogram performed before delivery. Birth weights also were noted 


and their distribution around the 25th, 50th, and 75th percentiles was compared to the expected 
distribution. For each ultrasonographic parameter, the distribution of measurements at the last 
ultrasonogram before delivery was not significantly different from the distribution at the initial 
ultrasonogram. The birth weight distribution also was not significantly different than the expected 
distribution. Thus we were unable to demonstrate slowing of fetal growth in our severely isoimmunized 


pregnancies. (Am J Osstet GyNEcoL 1990;163:1 781-4.) 


Key words: Fetal anemia, intrauterine transfusion, diminished fetal growth 


Hyperlactacidemia and increased base deficit have 
been detected in umbilical cord blood on nonanemic, 
growth-retarded fetuses.” The proposed mechanism 
of altered fetal growth in these pregnancies is utero- 
placental insufficiency, which is associated with abnor- 
mal transplacental delivery of metabolic substrates such 
as amino acids and glucose.** The hyperlactacidemia 
and increased base deficit, however, suggest that fetal 
growth retardation may also be secondary to reduced 
transplacental oxygen transport with subsequent fetal 
hypoxemia. High-altitude studies of fetal growth are 
consistent with the premise that perturbations in fetal 
oxygen delivery may play a role in the pathophysiology 
of diminished fetal growth.*’ 

Fetal anemia also can result in abnormal fetal oxygen 
delivery as a result of reduced oxygen-carrying capac- 
ity. In the sheep model biochemical parameters con- 
sistent with fetal hypoxia and acidosis are noted only 
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with severe fetal anemia,® ° suggesting that the fetus 
can compensate for moderate anemia with an increase 
in oxygen extraction and thereby maintain normal oxy- 
gen consumption. On the other hand, after replace- 
ment of fetal blood with adult blood, even moderate 
anemia results in metabolic acidosis.* Comparable to 
the animal model, in isoimmunized human pregnancies 
only severely anemic fetuses show a decrease in oxygen 
delivery and concomitant metabolic acidosis.’ How- 
ever, when compared with nontransfused fetuses with 
similar hemoglobin levels, in those fetuses transfused 
with adult blood, hyperlactacidemia and increased base 
deficit develop, suggestive of relative hypoxia." 

As there are qualitative similarities in the acid-base 
status of nonanemic, growth-retarded fetuses and ane- 
mic, transfused isoimmunized fetuses, we hypothesized 
that in severely isoimmunized pregnancies the pro- 
found fetal anemia and/or replacement of fetal blood 
volume with adult red blood cells might be associated 
with diminished fetal growth. 


Material and methods 

Seventeen nonhydropic fetuses affected by Rh or 
Kell isoimmunization and requiring intrauterine intra- 
vascular transfusion were studied. Ultrasonographic bi- 
parietal diameter and head and abdominal circumfer- 
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Fig. 1. Biparietal diameter distribution at the last ultrasonogram before delivery was not different 


than the distribution at the initial transfusion. 


Table L. Obstetric and transfusion data 












Total No. 
of 


transfusions 


Gestational age 
at first 
tranfusion (wk) 








Pretransfusion 
hematocrit (%) 


Patient 
Na. 





l 25 20.9 4 
9 30 20.5 2 
3 29 24.4 4 
4 29 12.1 2 
5 39 20.8 | 
6 27 16.6 3 
7 27 15.8 3 
8 30 16.8 2 
9 26 25.3 4 
10 26 14.0 3 
1 28 10.8 4 
12 22 15.1 4 
13 29 10.1 3 
14 29 23.5 9 
15 26 28.0 4 
16 26 26.0 4 
17 24 24.4 4 


ence measurements were noted at the time of each 
transfusion. The distributions of these measurements 
above and below the 25th, 50th, and 75th percentiles 
derived from our general obstetric population” were 
compared at the initial transfusion and the last ultra- 
sonogram performed before delivery. Birth weight per- 
centile was determined for each infant from Brenner’s 
growth curve” and the birth weight distribution above 
and below the 25th, 50th, and 75th percentiles for ges- 
tational age was then compared with the expected dis- 
tribution. 

Measurement distributions around the 25th, 50th, 
and 75th percentiles were compared by means of x’ 
analysis, with Fisher’s exact test where appropriate. All 
p values <0.05 were considered statistically significant. 


Kleihauer-Betke 
(% fetal cells). 












Gestational age | Birth weight 
at delivery (wk) (gm) 


Birth weight 
percentile 





4.6 2270 10th-25th 
0 2680 75th-90th 
0 2630 50th-75th 
1.9 2925 50th-75th 
40 2120 <10th 
0 2865 50th-75th 
0.1 2020 50th-75th 
1.5 3220 75th-90th 
0.1 2760 25th-50th 
Q 1700 25th-50th 
0) 37 2980 50th-75th 
0 29 1390 25th-50th 
0 36 2985 75th-90zh 
0 35 1630 <10th 
l 36 2630 25th-50th 
] 34 2611 75th-90th 
l 3] 1505 25th-50th 
Results 


Obstetric and transfusion data for each patient are 
displayed in Table I. The mean gestational age at initial 
transfusion was 27.0 + 2.8 weeks, and the mean he- 
matocrit at the initial transfusion was 19.1% + 5.6%. 
The mean number of transfusions per fetus was 3 + 1, 
and the mean interval from the initial transfusion to 
delivery was 7.3 + 2.5 weeks. The Kleihauer-Betke 
acid elution test was performed on umbilical cord blood 
at the time of the last transfusion or at birth and showed 
that in 16 of 17 fetuses <5% of red blood cells showed 
positive stains for fetal hemoglobin. 

Figs. 1, 2, and 3 display biparietal diameter, head 
circumference, and abdominal circumference mea- 
surements from the ultrasonogram performed at the 
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Fig. 2. Head circumference distribution at the last ultrasonogram before delivery was not different 


than the distribution at the initial transfusion. 
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Fig. 3. Abdominal circumference distribution at the last ultrasonogram before delivery was not 
different than the distribution at the initial transfusion. 


initial transfusion and from the last ultrasonogram be- 
fore delivery, superimposed on the 25th, 50th, and 75th 
percentile curves derived from our general obstetric 
population. The distributions of the biparietal diame- 
ter, head circumference, and abdominal circumference 
measurements at the last ultrasonogram before delivery 
were not significantly different from the distributions 
at the initial ultrasonogram, nor were the distributions 
of the biparietal diameter or abdominal circumference 
at either ultrasonogram significantly different from 
that of our general obstetric population. The head cir- 
cumference distribution at the final ultrasonogram re- 
vealed significantly more measurements above the 75th 


percentile (x? = 5.85, p < 0.05). The birth weight dis- 
tribution was not significantly different from the ex- 
pected distribution. 


Comment 


The biochemical consequences of fetal anemia and 
intrauterine transfusions with aduit blood have been 
examined in animal models and in human pregnancies 
via umbilical vessel blood sampling. These studies con- 
sistently suggest that severe fetal anemia and/or re- 
placement of fetal blood with adult blood result in rel- 
ative hypoxia, with decreasing pH, increased base def- 
icit, and hyperlactacidemia.*"* The clinical significance 
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of these findings is uncertain, but it has been postulated 
that these changes make the fetus more susceptible to 
hypoxia during acute stress, 1.e., during labor. To our 
knowledge, however, no one has longitudinally studied 
the potential for more long-term effects of anemia and 
intrauterine transfusion on fetal development. We pos- 
tulated that the relative hypoxia and acidemia attrib- 
utable to anemia or intrauterine replacement of fetal 
blood with adult blood might result in diminished fetal 
growth. 

After studying growth patterns in our 17 anemic, 
transfused fetuses, we were unable to demonstrate 
slowing of fetal growth despite nearly total replacement 
of fetal blood with adult red blood cells. Slowing of 
fetal growth after the onset and treatment of anemia 
would have resulted in more measurements at the final 
ultrasonogram being distributed below each percentile 
when compared with the ultrasonographic measure- 
ments at the initial transfusion. However, we found that 
the distribution of standard morphometric measure- 
ments around the 25th, 50th, and 75th percentiles re- 
mained unchanged over the interval from the initial 
transfusion to delivery and was comparable to the dis- 
tribution of the general obstetric population. Also, the 
distribution of birth weight percentiles was not differ- 
ent than expected. 

The fetuses in this study were severely anemic at the 
time of the initial transfusion, and subsequent trans- 
fusions were performed when fetal hematocrit was es- 
timated to be 20% to 25%. Further, the interval from 
the first transfusion to birth was sufficiently long to 
allow for and enable the detection of altered intra- 
uterine growth. Consequently, our observations suggest 
that alterations in oxygenation parameters that may be 
significant at the biochemical level are not manifested 
clinically by diminished fetal growth. 
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Prognostic indicators of the resolution of nonimmune hydrops 


fetalis and survival of the fetus — 


Dru E. Carlson, MD, Lawrence D. Platt, MD, Arnold L. Medearis, MD, and 


Janet Horenstein, MD 
Los Angeles, California 


To delineate any possible prognostic indicators, we reviewed the ultrasonographic and nonmorphometric 
findings in 19 antenatally diagnosed cases of nonimmune hydrops fetalis in which it was chosen to | 
continue the pregnancy. Thirteen fetuses died and six survived. Of ail parameters examined, including 
associated anomalies, abnormal karyotype, location of serous fluid, anemia, and possible cause of 
nonimmune hydrops fetalis, the most sensitive prognostic indicator was the real-time-directed M-mode 
echocardiographic measurement of the biventricular outer dimension in diastole. All fetuses with 
biventricular outer dimensions >95% died, whereas all but one with normal biventricular outer dimensions 
had resolution of nonimmune hydrops fetalis and survived. This was highly significant (p < 0.001) with the 
predictive value of a normal biventricular outer dimension being 86% and the predictive value of an 
enlarged biventricular outer dimension being 100%. (Am J OsstetT GYNECOL 1990;163:1785-7.) 


Key words: Nonimmune hydrops fetalis, M-mode echocardiography, prenatal diagnosis 


Nonimmune hydrops fetalis is defined as an excessive 
amount of total body water that results in extracellular 
accumulation of fluid in tissues and serous cavities. It 
occurs specifically without evidence of antibodies to red 
blood cell antigens. The ultrasonographic diagnosis of 
hydrops fetalis can be made by identifying two or more 
fluid-filled spaces within the affected fetus.’ For exam- 
ple, there can be pleural effusions, pericardial effu- 
sions, ascites, and skin edema. There are more than 80 
causes of this condition, and the incidence is approx- 
imately 1 in 3000 deliveries.» The perinatal death 
rate is 40% to 90%.°" However, some fetuses do sur- 
vive. Until now there has not been a specific ultrason- 
ographic finding that is a good predictor of perina- 
tal prognosis. Therefore the purpose of this study was 
to retrospectively determine the best prognostic indi- 
cator among routine prenatal ultrasonographic mea- 
surements and observations obtained in pregnancies 
with nonimmune hydrops fetalis. 


Methods 


We reviewed all cases of prenatally diagnosed non- 
immune hydrops fetalis seen in our Genetics Clinic at 
Women’s Hospital of Los Angeles County—University 
of Southern California Medical Center from July 1986 
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to June 1989. Inclusion into the study required a living 
fetus at the time of diagnosis and the mother electing 
to continue the pregnancy after diagnosis was made. 
All patients were offered percutaneous umbilical blood 
sampling and/or amniocentesis to attempt to find a 
cause of the nonimmune hydrops fetalis. The usual 
noncardiac ultrasonographic measurements were ob- 
tained, including the biparietal diameter, circumfer- 
ences of the head, chest, and abdomen, femur length, 
placental thickness, and amniotic fluid index. In ad- 
dition, we routinely obtain real-time cardiac images and 
real-time-directed M-mode echocardiography on every 
abnormal fetus. The M-mode cursor was placed per- 
pendicular to the interventricular septum at the level 
of the mitral and tricuspid valves. In this way the M- 
mode displays the pericardium, ventricular walls, ven- 
tricular chambers and valves, and septum. These land- 
marks were then measured in diastole. We specifically 
recorded the biventricular outer dimension (BVOD) 
and the biventricular inner dimension (BVID). The 
BVOD is measured epicardium to epicardium. The 
BVID is defined by the inner wall of one chamber to 
the inner wall of the other chamber. Thus the BVID 
measures the size of the chambers and septum but the 
walls and epicardium are excluded (Fig. 1). The M- 
mode echocardiographic measurements were plotted 
against the biparietal diameter to correlate with ges- 
tational age. Normal values are from the 5% to the 95% 
confidence intervals. Abnormally enlarged values are 
greater than the 95% confidence interval. These pa- 
rameters were previously delineated at our institution 
by DeVore et al.** 

The noncardiac morphometric measurements, all 
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Fig. 1. On the right is the real-time image of the fetal heart showing the M-mode cursor in a 
per pendicular transection of the four-chamber view. On the left is the M-mode image. A to A, 


BVOD in diastole; B to B, BVID in diastole e. 


Table I. Nonmorphometric 
prognostic indicators 





3/6 (50%) 
3/6 (50%) 
6/6 (100%) 





10/13 (77%) 
9/13 (69%) 
13/13 (100%) 


Pleural effusion 
Pericardial effusion 
Ascités 


Skin edema 3/6 (50%) 10/13 (77%) 
Associated anomaly 1/6 (16%) 3/13 (15%) 
Abnormal karyotype 0/6 (0%) 2/13 (15%) 


*» = NS for all parameters., 


Table II. M-Mode echocardiographic 
prognostic indicators 


>95% OF 19% 
=95% G* 1* 
*p < 0.001. 


nonmorphometric observations, and M-mode echocar- 
diographic evaluations were recorded at the initial di- 
agnosis of nonimmune hydrops fetalis. 


Results 


Nineteen consecutive patients met the inclusion cri- 
teria. They ranged from 22.5 to 35 weeks’ gestation 
at the time of diagnosis. Of the 19, 6 survived and 13 
died—-6 in the antepartum period and 7 in the neonatal 
period. The causes of the 13 deaths included osteo- 
genesis imperfecta type 2, cytomegalovirus, Pseudome- 


nas, parvovirus, Noonan syndrome, and Turner syn- 
drome. Both of the latter two cases had cystic hygroma 
without evidence of coarctation of the aorta. There was 
arthrogryposis of undetermined cause in two cases, and 
causes of nonimmune hydrops fetalis were unknown 
in four cases. : 

Of the six survivors, only one had a known etiology 
of the nonimmune hydrops fetalis—a unilateral cystic 
adenomatoid malformation of the lung. No other cause 
of nonimmune hydrops fetalis could be determined by 
prenatal or postnatal investigations, which included vi- 
ral cultures, karyotype, electrophoresis, and parvovirus 
probe. Table I shows the nonmorphometric parameters 
observed. Statistical analysis of these nonmorphometric 
parameters by Fisher’s exact test did not differentiate 
the survivors from those who died. 

Two fetuses who survived had invasive procedures 
during the antenatal period. One had a thoracentesis 
and one had a paracentesis; neither had a reaccumu- 
lation of fluid in those spaces after the procedure. Four 
fetuses who died also had invasive procedures. One had 
a thoracentesis and three had paracentesis. However, 
all had prompt reaccumulation of fluid in that space. 

When we examined our M-mode echocardiographic 
parameters (Table II); we found that all fetuses with 
enlarged BVODs died and all fetuses but one with nor- 
mal BVODs lived. This was highly significant by Fish- 
er’s exact test at the level of p < 0.001. The sensitivity 
of the BVOD is 92%. The specificity is 100%. The pre- 
dictive value of an enlarged BVOD is 100% and the 
predictive value of a normal BVOD is 86%. 

The one fetus that died with a normal BVOD had 
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an abnormal karyotype (mos 46,XY/47,XY, +20) with 
severe arthrogryposis and polyhydramnios. The mo- 
saicism was diagnosed by percutaneous umbilical blood 
sampling at 22.5 weeks, and this karyotype was con- 
firmed at autopsy after the fetus died in utero at 24.5 
weeks. 

All fetuses with normal BVODs also had normal 
BVIDs. However, there was variation of the BVID in 
the 12 fetuses with enlarged BVODs who died. Eight 
of these 12 had normal BVIDs. Six of those eight had 
thickened ventricular walls and overall cardiac hyper- 
trophy accounting for the enlarged BVOD. These fe- 
tuses included four with neonatal death (osteogenesis 
imperfecta type 2, parvovirus with endocardial fibroe- 
lastosis, and two of unknown causes) and two who died 
antenatally (Noonan syndrome and Turner syndrome). 

The remaining two of eight fetuses with enlarged 
BVODs but normal BVIDs had massive pericardial ef- 
fusions that resulted in apparent cardiac tamponade. 
One of those fetuses had arthrogryposis of unknown 
cause and died at <4 hours of life; the other died an- 
tenatally with nonimmune hydrops fetalis of unknown 
causes. 

Four fetuses had enlarged BVIDs and BVODs, and 
they all had thin ventricular walls and dilated ventric- 
ular chambers. These included two that died neona- 
tally (one with a Pseudomonas septicemia and one of 
unknown cause). There were two antepartum deaths 
(one with a-thalassemia major and one with Sores: 
alovirus infection), 

Anemia as measured by percutaneous umbilical 
blood sampling or at delivery was not a major cause of 
the nonimmune hydrops fetalis in any of these cases. 
The hematocrits ranged from 32% to 55%. 

Autopsy findings and/or neonatal echocardiography 
confirmed our M-mode echocardiographic impressions 
in all cases. 

The six fetuses who survived presently range in age 
from 8 months to 2.5 years and according to their par- 
ents are progressing as well as their siblings with no 
apparent sequelae from the nonimmune hydrops fe- 
talis. However, none have had formal developmental 
testing and school performances are pending. 


Comment 


Of the parameters measured in this study of pre- 
natally diagnosed nonimmune hydrops fetalis, the 
BVOD of the fetal heart was the best predictor of peri- 
natal outcome; 12 of 12 fetuses with enlarged BVODs 
died and 6 of 7 fetuses with normal BVODs lived. 

It is interesting that several other authors have found 
that supraventricular tachycardia is an important cause 
of nonimmune hydrops fetalis.* '° In this study we 
found no fetuses with supraventricular tachycardia as 
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the cause of nonimmune hydrops fetalis. We believe 
that this may be a function of our referral pattern 
within an indigent population. 

Also one previous study reported an association be- 
tween the area and amount of accumulation of fluids 
and the level of fetal anemia." We found no evidence 


_ of significant anemia in any of the fetuses we studied, 


therefore it was not a good predictor of outcome. 

In summary, we found that we could not predict 
the outcome of prenatally diagnosed fetuses with non- 
immune hydrops fetalis by usual ultrasonography 
and/or nonmorphometric parameters. However, an 
enlarged BVOD as measured by M-mode echocardi- 
ography was an excellent prognosticator of fetal death. 
This enlarged BVOD may reflect different places on 
the spectrum of cardiac failure—an overall hypertro- 
phy of the fetal heart, a large pericardial effusion, or 


. dilated ventricular chambers with thin walls. A normal 


BVOD predicted all survivors of nonimmune hydrops 
fetalis but one. We hypothesize that the normal BVOD 
measurement seen in the surviving fetuses may be in- 
dicative of a less severe or compensated cardiac failure 
that is commonly associated with this entity. 
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Sources of variability in umbilical artery systolic/ diastolic 


ratios: Implications of the Poiseuille equation 


Jeffrey W. Wright, MD, and Louis E. Ridgway, MD 


San Antonio, Texas 


The Poiseuille equation of fluid flow suggests that umbilical cord length and cord blood viscosity may affect 
resistance to flow and thus affect the systolic/diastolic ratio. In this prospective study of 40 uncomplicated 
term pregnancies, we sought to define the relationship of umbilical cord length and cord blood hematocrit 
level (as an index of viscosity) to the umbilical artery systolic/diastolic ratio. To focus on these factors, we 
minimized known sources of systolic/diastolic ratio variability and controiled for fetal heart rate. Linear 
regression revealed that fetal heart rate contributed 18% of the systolic/diastolic ratio variability. 
Conversely, umbilical cord length and cord blood hematocrit level were not related to umbilical artery 
systolic/diastolic ratio. We conclude that normal variations in cord blood hematocrit level and umbilical 
cord length do not significantly affect systolic/diastolic ratio. (AM J OBsTET GYNECOL 1990;163:1788-91.} 


Key words: Doppler ultrasonography, velocimetry, vascular resistance 


Doppler velocimetric measurement of umbilical ar- 
tery systolic/diastolic (S/D) ratio is thought to be a mea- 
sure of downstream placental resistance to blood flow. 
It would seem that such measurements should be very 
useful in the detection of patients with uteroplacental 
insufficiency.'® However, it has proved difficult to 
clearly distinguish between the normal and abnormal 
in clinical practice.” This difficulty may be a result of 
variability in the measured S/D ratios that is unrelated 
to placental resistance. Many extraneous factors in- 
cluding fetal heart rate (FHR),"' gestational age,” "' 
site of insonation,’ operator,’ and type of Doppler de- 
vice have been shown to affect the measured S/D ratio. 

The Poiseuille equation delineates the factors that 
affect fluid flow (flow = APnr'/8nl; where AP = 
pressure gradient, r = vessel radius, n = viscosity, and 
_ I = vessel length). It suggests that blood viscosity and 
umbilical cord length may affect umbilical artery vas- 
cular resistance. Thus these factors may affect the mea- 
sured S/D ratio. The relationship of umbilical cord 
length and S/D ratio has not been studied. Previous 
studies'* © have suggested that viscosity or hematocrit 
level may affect $/D ratio. However, the inclusion of 
patients with uteroplacental insufficiency and severe 
fetal anemia may have biased these results. 

The goal of this prospective study was to define the 
relationship of umbilical artery S/D ratio to the um- 
bilical cord length and cord blood hematocrit level (as 
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an index of viscosity), while either minimizing or con- 
trolling for known sources of S/D ratio variability. 


Material and methods 


In this prospective study, 40 patients first seen in 
active labor with intact membranes were examined. Ac- 
tive labor was defined as regular uterine contractions 
with cervical dilatation of 4 tc 7 cm. Patients receiving 
epidural anesthetic agents or analgesic drugs were ex- 
cluded. Potential sources of variance in S/D ratios were 
minimized by: (1) selection of only normal pregnancies 
at 38 to 41 weeks’ gestation as determined by last men- 
strual period and confirmed by ultrasonography; (2) 
use of a single examiner (J. W.) and a single Doppler 
device (Angioscan III, Ultrasonix, Inc., North Yonkers, 
N.Y.); (3) exclusion of patients with any condition as- 
sociated with uteroplacental insufficiency, fetal anemia, 
or fetal polycythemia. FHR was measured for inclusion 
as an independent variable to control for its effect on 
S/D ratio. l 

Continuous-wave Doppler with a 4 mHz transducer 
was used to obtain all S/D raios. Patients were exam- 
ined in the recumbent position with 15° to 30° of lateral 
uterine displacement. Readings were taken between 
contractions in the absence of fetal breathing or fetal 
body movement. Absence of fetal movement was con- 
firmed by a combination of real-time ultrasonography, 
palpation, maternal perception, and the absence of 
characteristic changes in the Doppler waveforms. The 
Doppler probe was positioned on the abdomen to ob- 
tain the best quality umbilical artery signals, as recog- 
nized by the characteristic waveform and umbilical vein 
flow in the opposite direction. Peak systolic and lowest 
diastolic frequency shifts were measured with electronic 
calipers; S/D ratios were then calculated with five wave- 


Volume 163 2 
Number 6, Part 1 


170 FETAL HEART RATE 


160 
150 
140 
130 
120 


110 
1.5 1.7 1.9 2.1 


forms averaged to obtain each reading. FHR was cal- 
culated by measuring the distance between waveform 
peaks with electronic calipers. 

Umbilical cord blood was aspirated from the umbil- 
ical vein immediately after delivery and spun hemat- 
ocrit obtained. Umbilical cord length was measured 
from fetal insertion to placental insertion with a paper 
tape measure. 


Because S/D ratio is known to be non-normally dis- 


tributed, we examined the skewness and kurtosis of the 
S/D ratio data and performed the Shapiro-Wilk’s test 
for normality. We found that in this selected study pop- 
ulation, the S/D ratios obtained were normally distrib- 
uted. Thus parametric statistics were used. The three 
independent variables, cord length, hematocrit value, 
and FHR, were individually plotted against S/D ratio 
to assure that no nonlinear relationships existed. No 
nonlinear relationships were found. Individual Pear- 
son’s correlation coefficients were obtained. Multiple 
linear regression with all possible subsets was per- 
formed to establish the relationship between the in- 
dependent variables and S/D ratio. An a < 0.05 was 
used to determine significance. A biomedical data pro- 
cessing statistical package was used for the analysis. 


Results 


A total of 40 patients with a mean age of 23.8 + 5.8 
years and mean parity of 1.5 + 1.5 were examined. All 
patients had normal fetal outcomes as defined by 5- 
minute Apgar scores >7, and normal neonatal physical 
examination. Table I summarizes the dependent and 
independent variables measured. The ranges of these 
variables indicate a reasonable breadth of values in our 
sample. 

Scatter plots of S/D ratio versus FHR, cord blood 
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Fig. 1. Scatter plot of S/D ratio vs FHR (S/D = 4.0 — 0.013 - FHR). 


Table I. Summary of data obtained 


217-2 0.29 1.66 2.87 
39.6 = 1.1 38 4] 
S72 92. 125 IGI 
58.7 + 12.9 40 95 
49.3 + 6.2 40 67 


$/D ratio 

Gestational age (wk) 

FHR (beats/min) 

Cord length (cm) 

Cord hematocrit value (%) 


hematocrit level, and umbilical cord length are dis- 
played in Figs. 1, 2, and 3. No nonlinear relationship 
were found. FHR had the strongest correlation with 
S/D ratio (r = — 0.43, p = 0.006). As expected, S/D 
ratio decreased as FHR increased. There was no cor- 
relation between cord blood hematocrit value and S/D 
ratio (Fig. 2). As seen on inspection of Fig. 3, there 
appears to be a slight negative correlation between 
S/D ratio and cord length. However, this is not statis- 
tically significant. 

Multiple linear regression was performed with all 
possible subsets. As predicted by the correlation co- 
efficients, FHR was the only significant contributor 
to S/D ratio variability. Cord length and hemato- 
crit level remained nonsignificant even after control- 
ling for FHR with this regression. The equation 
obtained was S/D = 4.0 — 0.0134 x FHR (r = 0.43) 
(p = 0.01). The calculated r* of 0.18 indicates that 
changes in FHR account for 18% of the variability in 
the S/D ratio data. 

To ensure that changes in S/D ratio associated with 
gestational age were not confounding our results, we 
tested the correlation of S/D ratio versus gestational 
age. There was no significant correlation with $/D ratio 
over this short span of gestational age (Spearman’s rank 
correlation coefficient, r = 0.002). Further, the multi- 
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Fig. 2. Scatter plot of S/D ratio vs cord blood hematocrit value. 
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ple linear regression was redone with the addition of 
gestational age as an independent variable. The results 
were unchanged. 


Comment 


After minimizing all other known sources of vari- 
ability, we found that FHR was significantly related to 
S/D ratio in term pregnancies. In our study group, 
FHR accounted for 18% of the variability seen in the 
S/D ratios. We then controlled for the effect of FHR 
with multiple regression and were unable to show a 
significant relationship between S/D ratio and umbilical 
cord hematocrit level or umbilical cord length. 

Our study confirms the findings of several previous 
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Fig. 3. Scatter plot of S/D ratio vs umbilical cord length. 


authors*'® who reported that S/D ratio decreases as 
FHR increases. This is predictable, as slower heart rates 
allow the end-diastolic velocity to fall to a greater extent, 
resulting in a higher S/D ratio. The strength of this 
correlation was similar to that reported by Maulik’ in 
a multivariate analysis. . 

In our study population, variations in hematocrit 
level had no relation to variation in S/D ratio. Giles 
and Trudinger'® examined the relationship of S/D ratio 
to umbilical cord blood hematocrit level and viscosity. 
They found a significantly higher hematocrit level in a 
group of patients with elevated S/D ratios. This group 
also had complications of pregnancy associated with 
placental insufficiency. Thus both the elevated S/D ra- 


Volume 163 
Number 6, Part l 


tios and the higher hematocrit levels might have been 
related to placental insufficiency. Another explanation 
might be that hematocrit level affects S/D ratio only 
when the hematocrit level is very high. Such high he- 
matocrit values are sometimes seen with intrauterine 
hypoxemia. However, the range of hematocrit levels 
we encountered was similar to that of Giles and Tru- 
dinger.’* 

Rightmire and colleagues”? studied the effect of he- 
matocrit level on umbilical artery velocimetry in a 
group of isoimmunized pregnancies. They found an 
inverse relationship between fetal hematocrit level and 
blood velocity in the descending aorta. The relation- 
ship between hematocrit value and Pourcelot’s index 
(PI = (S — D)/S) was more complex, with the most se- 
verely anemic fetuses having paradoxically high mea- 
surements. These authors believed that a lower he- 
matocrit value causes less viscosity and less resistance 
to flow. The paradoxically high resistance of the se- 
verely anemic fetuses was thought to be related to cap- 
illary damage and plugging. It is not appropriate to 
compare Rightmire’s results’? to the current study as 
the ranges of hematocrits values are different (6% to 
38% vs 40% to 67%). Nevertheless, our data suggest 
that variations in hematocrit level within the normal 
range do not affect S/D ratio. 

The slight inverse relationship of cord length and 
S/D ratio is contrary to what the Poiseuille equation 
predicts. We recognize that S/D ratios with continuous 
wave Doppler are measured at a variety of sites along 
the umbilical cord. It is possible that we may have found 
cord length to be a significant contributor to S/D ratio 
variability had we measured consistently at the fetal 
insertion with a duplex Doppler system. However, we 
chose continuous wave Doppler because these devices 
are more commonly available to the clinician. 

A B error is the final possible explanation for our 
inability to show a correlation between S/D ratio and 
either cord length or cord hematocrit value. Power 
analysis with our sample size revealed an 85% chance 
of detecting a correlation similar to that found between 
S/D ratio and FHR. 

Umbilical artery velocimetry is a promising tool for 
evaluation of the fetus. However, its current role as a 
clinical test is controversial. It is logical to think that 
placental insufficiency states would lead to elevated pla- 
cental resistance and elevated S/D ratios. However, 
both false-negative and false-positive findings are com- 
mon. The crux of the problem may lie in determining 
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what is normal and what is abnormal. This study and 
those we have cited show that many factors contribute 
to the variability in the measurements obtained. We 
agree with Maulik’ that controlling for known sources 
of variability may be the next step in the clinical ap- 
plication of Doppler velocimetry. Our study shows that 
normal variations in cord blood hematocrit level and 
umbilical cord length do not significantly contribute to 
this variability. 
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Variation and correlation in human fetal umbilical Doppler 


velocities with fetal breathing: Evidence of the 
cardiac-placental connection 


Julia H. Indik, PhD, and Kathryn L. Reed, MD 


Tucson, Arizona 


Doppler velocity waveforms in the human fetal umbilical vein and artery were analyzed during episodes of 
fetal breathing. Heart rate, systolic and diastolic velocities were measured from the umbilical artery 

waveform. Diastolic velocity varied the most with a mean (+ SD) coefficient of variation of 16.0% + 5.0%. 
The coefficient of variation of systolic velocity was 7.8% + 2.4% and of heart rate was 5.0% + 1.8%. We 


also found that umbilical arterial flow was related to umbilical venous flow, implying an interdependence 
between fetal cardiovascular blood flow and placental blood flow. During breathing, venous flow varies 
because of changes in intrathoracic pressure in the fetus. This variation in umbilical venous velocity may 
affect the umbilical arterial diastolic velocity through alterations in placental filling, and may affect the 
umbilical] arterial systolic velocity through alterations in ventricular filling, which by the Frank-Starling . 
mechanism changes stroke volume. The interdependency of umbilical venous and umbilical arterial blood 
flow velocities must be considered in the interpretation of the significance of umbilical artery Doppler 


velocity measurements. (AM J OssTeT GYNECOL 1990;163:1792-6.) 


Key words: Human fetal cardiovascular hemodynamics, Doppler ultrasonography, umbilical 


artery, umbilical vein, fetal breathing 


Studies of human umbilical arterial Doppler blood 
flow velocity waveforms have shown that relative flow 
velocities during diastole increase with advancing ges- 
tation in normal fetuses." * Because umbilical arterial 
velocities vary with fetal breathing movements, inves- 
tigators have cautioned against measurement of wave- 
forms obtained during fetal breathing.’ Variations in 
umbilical venous blood flow velocities with fetal breath- 
ing have also been reported,” and, in fact, have been 
proposed as a means by which to recognize the presence 
of fetal breathing. 

Disproportionately low diastolic blood flow velocities 
in the umbilical artery have been associated with intra- 
uterine growth retardation.'’* ° Investigators ‘have at- 
tributed the low diastolic blood flow velocities to in- 
creased resistance in the organ perfused by umbilical 
arterial blood—the placenta. 

In reviewing umbilical venous and arterial wave- 
forms obtained during fetal breathing, we noted that 
certain patterns of variations occurred in these wave- 
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forms and hypothesized that these patterns could be 
quantitated. In addition, we hypothesized that these 
changes would not only confirm previous reports that 
the Frank-Starling mechanism was operative in the fetal 
heart, but would further show that umbilical arterial 
waveforms vary in association with changes in umbilical 
venous velocities. These findings of interdependency 
between umbilical venous blood flow velocities and um- 
bilical arterial blood flow velocities introduce the im- 
portance of the fetal cardiovascular function, in addi- 
tion to placental function, in the determination of the 
umbilical arterial Doppler velocity waveform. 


Methods 


- Ultrasonographic studies were performed in fetuses 
at risk of anomalies (positive family history, possible 


teratogen exposure) or growth abnormalities (size- 


date iriconsistency). Two-dimensional ultrasonographic 
studies of fetal anatomy, size, and amniotic fluid volume 
were performed with 3.5 and 5.0 MHz transducers. 
The presence of fetal breathing was established by two- 
dimensional ultrasonography before and after umbil- 
ical Doppler recordings were obtained. 

Umbilical venous and arterial Doppler velocities were 
obtained simultaneously during episodes of fetal 
breathing. Doppler studies were performed with a 3.5 
MHz transducer. Approval for the study was obtained 
from the Human Subjects Committee, and informed 
consent was obtained from eack. participating mother. 
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Heart rate and umbilical arterial systolic and diastolic 
velocities were measured from strip chart recordings. 
The relative contribution of variation in heart rate, sys- 
tolic and diastolic velocities to overall variation in the 
umbilical arterial waveform, was examined. l 

Umbilical arterial systolic and diastolic velocities and 
heart rate were measured with a digitizing board, and 
a mean value and SD were calculated for each variable 
in each fetus. A coefficient of variation ((SD/mean] x 
100) was then determined for each variable in each 
fetus. For the three variables of umbilical arterial sys- 
tolic velocity, umbilical arterial diastolic velocity, and 
heart rate, the coefficients of variation were averaged 
for the group of fetuses. In addition, to determine 
whether increases in variation of one variable were as- 
sociated with increases in variation of another variable, 
coefficients of variation of heart rates of individual fe- 
tuses were compared with coefficients of variation of 
umbilical arterial diastolic velocities of individual fe- 
tuses; similarly, heart rate variations were compared 
with umbilical arterial systolic velocity variations, and 
umbilical arterial diastolic velocity variations were com- 
pared with umbilical arterial systolic velocity variations. 
For each fetus, a minimum of nine cardiac cycles was 
measured. 

The Student ¢ test was used to compare the coeff- 
cients of variation of umbilical arterial systolic and di- 
astolic velocities with heart rate, with significance at 


p < 0.05. Linear regression analysis was used to cor- - 


relate coefficients of variation for each variable in each 
fetus, again with significance at p < 0.05. 

To determine whether any correlation was present 
between changes in umbilical arterial and venous flow, 
we selected fetuses in which velocities from both artery 
and vein were simultaneously observed for at least one 
breathing cycle. Typically, breathing cycles were at least 
twice as long as cardiac cycles; shorter breathing cycles 
were not analyzed. We further restricted our analysis 
to areas where the venous flow varied by at least two 
pixels (3.0 mm) in the tracings. A two-pixel limit was 
the smallest whereby we could be reasonably confident 
that the variations were real. The two-pixel limit, the 
length of the breathing cycle, and the need to observe 
both artery and vein simultaneously limited the number 
of fetal tracings we could analyze to 11. This two-pixel 
limit was also adopted to assess variations in arterial 
velocities in the 11 fetuses. We identified critical points, 
or extrema, in umbilical venous flow velocities, namely 
relative minima and maxima, and measured all umbil- 
ical arterial diastolic and systolic velocities in the breath- 
ing cycle being examined. At each critical point we com- 
pared the umbilical arterial diastolic and systolic veloc- 
ities in the prior cardiac cycle with those in the next 
cycle. We adopted the following criteria to label “next” 
and “prior” cycles. The “next diastole” was that um- 
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bilical arterial velocity that occurred at least one half 
cardiac cycle after the venous critical point. The “next 
systole” was that umbilical arterial systolic velocity that 
immediately followed the next diastole. The prior um- 
bilical arterial diastole and systole occurred in the pre- 
vious cardiac cycle. An example of the relationships 
between next diastole, next systole, prior diastole, and 
prior systole and the venous critical points is displayed 
in Fig. 1. We noted increases (next diastole greater than 
prior diastole, next systole greater than prior systole) 
or decreases (next diastole less than prior diastole, next 
systole less than prior systole) that were at least two 
pixels; variations less than two pixels were classified as 
no change (next diastole equal to prior diastole, next 
systole equal to prior systole). Pearson’s x? test of as- 
sociation (contingency table analysis) was used to de- 
termine the significance of the observed correlations 
between changes in the arterial flow velocities and ve- 
nous velocity extrema. 


Results 


Thirty-three fetuses between 25 and 41 weeks’ ges- 
tation were examined. Coefficients of variation of um- 
bilical arterial systolic and diastolic velocities and heart 
rate during fetal breathing were obtained in a total of 
542 cardiac cycles. No fetus had anomalies, asphyxia, 
or intrauteriné growth retardation at birth (defined as 
less than 10th percentile body weight by institutional 
standards). Coefficients of variation measured for each 
of these three arterial variables are reported in Table 
J. Umbilical arterial diastolic velocity varied the most 
and heart rate the least, with diastolic variation about 
three times that of the heart rate and twice that of the 
systolic velocity. Coefficients of variation for each 
variable correlated significantly in individual fetuses 
(Table I). 

Table II summarizes correlations between umbilical 
arterial and umbilical venous flow in 11 fetuses. Need 
to image an artery and vein simultaneously for more 
than one breathing cycle and to have a minimum two- 
pixel venous velocity variation restricted the number 
of fetuses we could examine for this correlation to these 
11. Simultaneous measurements of next diastole and 
prior diastole were possible at 48 venous minima and 
45 venous maxima, a total of 93 critical points. Um- 
bilical arterial systolic velocities were somewhat more 
difficult to measure accurately; however, we were able 
to compare next systole and prior systole at 44 venous 
minima and 40 maxima, a total of 84 critical points. 

Table II reveals a strong correlation between umbil- 
ical arterial and umbilical venous flow. After a mini- 
mum velocity in the umbilical vein, both diastolic and 
systolic umbilical arterial velocities tended to increase 
significantly, and after a maximum velocity in the um- 
bilical vein, both diastolic and systolic umbilical arterial 
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Fig. 1. A, Umbilical arterial and venous Doppler flow velocity waveforms during episcde of fetal 
breathing. Variation in venous velocity indicates fetal respiratory changes. B, Diagrammatic rep- 
resentation of Doppler flow velocity waveforms in A, showing relationships between next diastole 
(ND), prior diastole (PD), next systole (NS), and prior systole (PS) around maximum and minimum 
in venous velocity. Next diastole refers to next diastole that occurs at least one half cardiac cycle (P) 
after venous extremum. Next systole is systole that follows next diastole. Prior diastole and prior 
systole occur one cardiac cycle before next diastole and next systole, respectively. Note that next 
diastole is less than or equal to prior diastole and next systole is less than or equal to prior systole 
after venous maximum velocity, and that next diastole is greater than or equal to prior diastole and 
next systole is greater than or equal to prior systole after venous minimum velocity. Horizontal dots 


are 0.5 seconds apart. 


Table I. Coefficients of variation in heart rate 
and umbilical arterial diastolic and systolic 
velocities during fetal breathing 


Coefficients of variation (%) 


Heart rate 5.0 + 1.8 
Diastolic velocity 16.0 + 5.0% 
Systolic velocity 73+ 9.4% 


Heart rate vs diastolic velocity, r = 0.58; heart rate vs sys- 
tolic velocity, 7 = 0.58; diastolic velocity vs systolic velocity, 
r = 0.57; p < 0.001 for all r values. 


*p Value < 0.001 compared with heart rate. 


velocities decreased significantly. The association was 
especially strong for umbilical arterial diastolic velocity 
(Fig. 1). There were no instances after an umbilical 
venous minimum in which umbilical arterial diastole 


decreased by at least two pixels, and no instances after 
an umbilical venous maximum in which umbilical ar- 
terial diastolic velocity increased by this amount. How- 
ever, an increase in umbilical arterial velocity after a 
minimum in venous velocity, and a decrease in umbil- 
ical arterial velocity after a maximum in venous velocity 
were not guaranteed: the umbilical arterial diastolic 
change was under the two-pixel limit for 32% of the 
critical points. Likewise, the umbilical arterial systolic 
change was negligible for 43%. In fact, these instances 
reflect our findings that the overall variation in the 
umbilical arterial waveform during fetal breathing was 
not great, but was larger for diastole than for systole. 

We assessed the significance of these correlations with 
a x’ test of association. First we tested the null hypoth- 
esis that the outcomes in which next diastole was less 
than prior diastole, next diastole was greater than prior 
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Table IJ. Observed correlation frequencies between umbilical venous velocity maxima and minima and 


umbilical arterial diastolic and systolic velocities 


Systole 


up<pbD | ND=PD | NS>PS | NS<PS | Ns Ps 
l 


Minimum 37 0 
Maximum 0 26 


Diastole x? = 65.0; p < 0.001; systole x? = 20.1; p < 0.001. 


24 5 15 
4 15 21 


ND, Next diastole; PD, prior diastole; NS, next systole; PS, prior systole. 


diastole, and next diastole was equal to prior diastole 
were independent of being at an umbilical venous ve- 
locity minimum or maximum. We found that for um-. 
bilical arterial diastole, x? = 65.0. The probability of 
finding a x’ this large if the null hypothesis is correct 
was <0.001. The corresponding test of the null hy- 
pothesis for umbilical arterial systole gives a x° = 20.1 
and a significance also >99.9% (p < 0.001). 

We concluded that umbilical venous and arterial flow 
were not independent of each other. The trend was for 
umbilical arterial diastolic and systolic velocity to in- 
crease after a minimum in umbilical venous flow and 
to decrease after a maximum in umbilical venous flow. 


Comment 


We showed that heart rate and diastolic and systolic 
Doppler velocities in the umbilical artery vary during 
fetal breathing. The largest variation during breathing 
occurred during diastolic umbilical arterial flow. This 
finding of larger variations during the diastolic portion 
of the umbilical artery waveform, during forward flow 
into the placenta, suggests that compensation for al- 
terations in blood flow related to intravascular pressure 
changes occurs primarily during diastole. 

Furthermore, umbilical artery diastolic and systolic 
velocity variations correlate with phases of the breath- 
ing cycle, as reflected in the variations in umbilical ve- 
nous blood flow. After a maximum in the umbilical 
venous velocity, both diastolic and systolic umbilical ar- 
terial velocity tended to decrease, whereas after a min- 
imum in the umbilical venous velocity, both umbilical 
arterial components tended to increase. The signifi- 
cance of these correlations was >99.9% (p < 0.001) for 
both diastole and systole in the umbilical artery. 

These results suggest that the circulation between 
fetus and placenta should be viewed as an interdepen- 
dent system. Changes in velocity of venous blood flow 
returning to the fetus affect the arterial flow velocity 
returning to the placenta and vice versa. During breath- 
ing, the fetal intrathoracic pressure varies, and studies 
in instrumented fetal lambs showed that decreases in 
intratracheal pressure are associated with increases in 

‘blood flow in the superior and inferior vena cava.’ 

Because the velocity of umbilical venous blood flow 
is determined by the pressure difference between pla- 
centa and fetus, a change in intrathoracic pressure will 


affect umbilical venous flow. We speculate that an al- 
teration in umbilical venous flow affects both ventric- 
ular and placental filing. When umbilical venous flow 
is increasing (after a minimum in umbilical venous 
velocity), the ventricles fill more, and by the Frank- 
Starling mechanism, the heart ejects more blood with 
a resultant increase in umbilical arterial systolic veloc- 
ity.” Furthermore, as more blood empties from the pla- 
centa into the fetus (again after a minimum in umbilical 
venous velocity), the placental blood voluine (and pre- 
sumably pressure) will decrease. Umbilical arterial di- 
astolic flow into the placenta then increases. After a 
maximum in venous velocity, umbilical venous flow ve- 
locity decreases, and umbilical arterial systolic velocity 
decreases because of decreased ventricular filling. Um- 
bilical arterial diastolic velocity also decreases, probably 
as a result of the more-filled state of the placenta and 
its consequent higher pressure. | 

Secondary effects may serve to moderate the overall 
variation in umbilical Doppler velocities. For instance, 
increased umbilical arterial diastolic How fills the pla- 
centa and increases its pressure, which should in turn 
slow umbilical arterial diastolic flow. In addition, in- 
creased umbilical venous flow empties the placenta and 
decreases its pressure, which in turn slows the umbilical 
venous flow because flow results from a differential in 
pressure. 

Variations of umbilical arterial systolic and diastolic 
velocities of 5.4% to 21% (Table I) were apparently well- 
tolerated, inasmuch as all fetuses were normal at birth. 
The fact that variations in umbilical arterial blood fow 
velocities are associated with variations in umbilical ve- 
nous blood flow velocities suggests that the placenta 
must be viewed not only as an organ of resistance, but 
also as an organ through which intrathoracic (and in- 
tracardiac) pressure changes may be transmitted. 

In summary, human fetal umbilical arterial velocities 
vary during fetal breathing, with the largest variation 
during diastole. Furthermore, human fetal umbilical 
venous and arterial Doppler velocities are interdepen- 


_ dent, as shown by changes that occur during presumed 


variations in intrathoracic pressure with fetal breathing. 
These changes in velocity are compatible with pressure 
transmission through the- placenta, and, in addition, 
confirm the existence of the Frank-Starling mechanism 
in the fetal heart. The interdependency of umbilical 
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venous and arterial velocities must be considered in the 
interpretation of the changes in umbilical arterial sys- 
tolic and diastolic velocities reported in fetuses with 
growth retardation. 
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Potential prenatal predictions of Down syndrome: A 


statistical analysis 
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To determine the feasibility of combining several screening tests for the prenatal detection of Down 
syndrome, we evaluated the potential relationship among three proposed predictors. We determined the 
concentration of chorionic gonadotropin in frozen serum samples from women of known maternal age and 
weight, fetal biparietal diameter, and femur length, and a-fetoprotein concentration. When corrected for 
gestational age and maternal weight, the potential predictors were independent, except for a slight 
correlation (r = 0.10) between maternal serum a-fetoprotein and maternal serum human chorionic 
gonadotropin. Both maternal serum human chorionic gonadotropin and biparietal diameter/femur length 
demonstrated an approximately log-normal distribution similar to maternal serum a-fetoprotein. Therefore it 
is scientifically sound to use any cr all of these variables in combination for the identification of 
pregnancies at increased risk for. Down syndrome. (Am J OBSTET GYNECOL 1990;163:1 796-8.) 


Key words: Prenatal diagnosis, Down syndrome, a-fetoprotein 


Because recognition of the association of fetal Down 
syndrome with a low maternal serum a-fetoprotein 
(AFP), a number of investigators have demonstrated 
the feasibility of the combined use of maternal age and 
maternal serum AFP concentration for the selection of 
women at increased risk for Down syndrome. In ad- 
dition to maternal serum AFP, several potential mark- 
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ers for Down syndrome have been proposed. Of these, 
the concentration of human chorionic gonadotropin 
(hCG) in maternal serum’ and the’fetal biparietal di- 
ameter/femur length ratio?” seem to be the most prom- 
ising. Because the bayesian analysis of risk requires that 
assignment of final risk can only be achieved if the 
indicators of relative risk are independent, we sought 
to determine whether these proposed markers were 
independent of each other and of maternal age, and 
to examine the distribution of values in normal preg- 
nancies. 


Material and methods 


Specimens were obtained from frozen samples stored 
at —70° C. These samples had been submitted to the 
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University of South Florida Regional Screening Pro- 
gram from Jan. 1, 1987, through Dec. 31, 1988. The 
following criteria were required for choice of samples: 
ultrasonographic measurement of biparietal diameter 
and femur length performed on the day of serum sam- 
pling, menstrual dating agreeing within 10 days of ul- 
trasonographic dating, and gestational age between 15 
and 19 completed weeks. When these criteria were met 
in more than 200 samples for a given gestational week, 
every other sample was chosen. Maternal age and ul- 
trasonographic measurements, as well as assurance that 
the infant was phenotypically normal, were provided 
by the referring physician. Both maternal serum AFP 
and hCG concentrations were measured by enzyme- 
linked immunosorbent assay with commercially avail- 
able kits (Abbott Laboratories, Abbott Park, IL). De- 
terminations were made in duplicate and the coefficient 
of variation was required to be <10%. For convenience 
in comparison, results for maternal serum AFP were 
expressed as international units per ml and maternal 
serum hCG was expressed as international units per 
liter. . 

Samples were grouped according to completed ges- 
tational weeks and weekly medians for maternal serum 
AFP, and maternal serum hCG, and biparietal diame- 
ter/femur length ratios were determined. Smoothed 
medians were then calculated by weighted linear 
regression. Adjustment of maternal serum AFP and 
maternal serum hCG for variation in maternal weight 
was by regression of the nonadjusted multiples of the 
median with reported maternal weight. All analyses 
were accomplished with the SAS statistical packages 
(SAS Institute, Cary, N. C.). 


Results 


There was no correlation between maternal age and 
any of the three variables, either as uncorrected values 
or after transformation. Initial analysis confirmed the 
expected correlations between gestational age and ma- 
ternal serum AFP (r = 0.23), maternal serum hCG 
(r = —0.25), and biparietal diameter/femur length ra- 
tio (r = — 0.33). Smoothed weekly medians for each 
variable were generated (Table I) and values were 
transformed into multiples of the median. This trans- 
formation nullified an association with gestational age. 
However, a significant positive correlation remained 
between maternal serum hCG and maternal serum AFP 
(r = 0.15). Because maternal serum AFP (r = —0.18) 
and maternal serum hCG (r = — 0.23) were both varied 
inversely with maternal weight, both were subsequently 
expressed as weight-adjusted multiples of the median. 
After this transformation, there was no longer a cor- 
relation with maternal weight, but a small (r = 0.10) 
but statistically significant correlation between maternal 
serum AFP and maternal serum hCG remained (Table 
II). Logarithms of maternal serum hCG multiples of 
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Table I. Smoothed weekly medians for 
possible screening parameters 











Maternal 
serum 
ACG 


Maternal 
serum 
AFP 






Week BPD/IFL 


15 76 24.1 25.0 do 
16 146 29.4 21.0 1.66 
17 130 34.7 17.0 1.60 
18 120 40.4 12.7 1.53 


BPD/FL, Fetal biparietal diameter/ femur length ratio. 


Table II. Relationship between predictors of 


Down syndrome 
; 


Variable I 


Maternal serum hCG BPD/FL —0.04 0.37 
Maternal serum AFP BPD/FL 0.06 0.16 
Maternal serum hCG Age 0.05 0.22 
Maternal serum AFP Age 0.03 0.45 


Maternal serum hCG Maternal serum AFP 9.10 0.02 


BPD/FL, Fetal biparietal diameter/femur length ratio; Age, 
maternal age; r, Spearman Rank correlation coefficient; p, 
probability. 


the median closely approximated gaussian distribution 
with a Shapiro-Wilk statistic value of 0.98, whereas 
maternal serum AFP achieved a value of 0.96 (values 
may range from 0 to 1.0; 1.0 indicates completely nor- 
mal distribution). The distribution of biparietal diam- 
eter/femur length with a value of 0.88 differed more 
from a completely normal distribution value of 0.88, 
but conformed sufficiently to allow clinical usage. 


Comment 


The traditional method of patient selection for Down 
syndrome testing by amniocentesis has been maternal 
age. Unfortunately, with use of this criterion alone only 
20% to 30% of women with a fetus with Down syn- 
drome are offered amniocentesis.’ After the initial re- 
port that women carrying fetuses with Down syndrome 
had lower than average maternal serum AFP values," 
this observation was confirmed and tables allowing the 
use of combined maternal age and maternal serum AFP 
concentration to estimate the risk of Down syndrome 
were published.’ Several recent reports®* ’ have con- 
firmed the value of combining maternal age with ma- 
ternal serum AFP values to select a population of 
women younger than the traditional cutoff age with a 
risk similar to that of older women. Unfortunately, even 
with the adjunctive, use of maternal serum AFP detec- 
tion of a significantly increased proportion of fetuses 
with Down syndrome requires a high false-positive 
rate.® 

The potential of using a combination of noninvasive 
measures to increase the sensitivity or decrease the false 
positivity of Down syndrome screening is of great cur- 
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rent interest. Of the possible candidates for such a role, 
the biparietal diameter/femur length ratio and mater- 
nal serum hCG appear to be the most promising. In- 
clusion of the biparietal diameter/femur length ratio 
is unlikely to result in a significant increase in cost, 
because most programs require ultrasonographic con- 
firmation of dating before final recommendation for 
amniocentesis. Unlike maternal.serum AFP, which is 
measured primarily to screen for open neural tube de- 
fects, determination of maternal serum hGC would in- 
crease screening costs. Currently, however, it appears 
to be the most likely candidate as a second screen since 


it performs more efficiently than measurement of un- 


conjugated estriol at similar cost. 
In this study we demonstrated that, after adjustment 


for gestational age and maternal weight, maternal se- 


rum AFP, maternal serum hCG, and biparietal diam- 
eter/femur length ratio are sufficiently independent 
from each other and from maternal age that they may 


be combined in a bayesian estimate of relative and final . 


risk. The correlation between maternal serum AFP and 
maternal serum hCG found in our sample before ad- 
justment for maternal weight (0.15) is similar to the 
value (0.14) reported by Wald et al.° in samples for 
which maternal weight was not available. However, ma- 
ternal weight was only partially responsible for the cor- 
relation and it is probable that there is an underlying 
biologic association. In contrast, the lack of association 
between biparietal diameter/femur length ratio and ei- 
ther of the biochemical measures assures that the com- 
bination of retarded femur growth, increased produc- 
tion of hCG, and deficient production of AFP seen in 
Down syndrome does not occur in chromosomally nor- 
mal fetuses. 

Although these results are encouraging, care is re- 
quired before the widespread introduction of maternal 
serum hCG and biparietal diameter/femur length ratio 
for Down syndrome screening. First, estimation of rel- 
ative risk on the basis of the distributions of normal 
and Down syndrome pregnancies is relatively straight- 
forward, but there is some concern that the distribution 
of maternal serum AFP values in pregnancies associ- 
ated with Down syndrome may be dependent on ma- 
ternal age or on geographic site.” The distribution of 
maternal serum hCG in pregnancies associated with 
Down syndrome has only been determined in a small 
_ number. of cases, and similar concerns must be con- 
sidered. Second, the values for the biparietal diam- 
eter/femur length ratios noted in this study are similar 
to those reported from Boston, but they differ from 
those generated in New Haven" with intermediate re- 
sults reported from Pittsburgh." Although it is possible 
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that these differences are based on population, it is 
more-likely that they are related to technique.” Unlike 
maternal serum AFP or maternal serum hCG deter- 
minations, over which laboratories can exert quality 
control, most centers rely on ultrasonographic values 
generated by the referring physician. Significant vari- 
ations in ultrasonographic technique among partici- 
pating physicians may. obscure the value of biparietal 
diameter/femur length ratio on screening. Finally, the 
cost effectiveness and goals of the screening program 
must be evaluated. Should maternal serum hCG be 
determined for all subjects or only those found at in- 
creased risk by evaluation of maternal age and maternal 
serum AFP? We have shown that the combination of 
maternal age, maternal serum AFP, maternal serum 
hCG, and biparietal diameter/femur length ratio in the 
prediction of Down syndrome risk may be feasible. The 
proper implementation of such a program requires fur- 
ther study. i 
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DEMULEN 1/35 


(ethynodiol diacetate 1 mg, ethinyl estradiol 35 mcg) 
BRIEF SUMMARY 


Demulen® 1/35: Each white tablet contains ethynodiol diacetate 1 mg and ethinyl estradiol 35 mcg. Each blue tablet in 
Demulen 1/35-28 is a placebo containing inert ingredients. Demulen® 1/50: Each white tablet contains ethynodiol diacetate 
1 mg and ethinyl estradiol 50 meg. Each pink tablet in Demulen 1/50-28 is a placebo containing inert ingredients. 
Indication and usage: For prevention of pregnancy. Pregnancy rate for products with =35 mcg ethiny! estradiol or > 50 
mcg mestranol is <1/100 woman-years. With <35 mcg ethinyl estradiol, rate is slightly higher; with progestogen-only oral 
contraceptives (OCs), rate is about 3. Precise comparisons cannot be made. Rates for other methods have been published. 
Dose-related Thromboembolic Risk: Studies showed positive association between OC estrogen dose and thromboembolic risk. 
It is in keeping with good therapeutics to minimize estrogen exposure. Prescribe product containing least amount of estrogen 
compatible with acceptable pregnancy rate and patient acceptance. Start new users on <50 mcg estrogen. 
Contraindications: Thrombophiebitis, thromboembolic disorders, past history of deep vein thrombophlebitis or thromboembolic 
disorders; cerebrovascular disease, myocardial infarction or coronary artery disease, or past history of these: known or 
Suspected breast carcinoma, estrogen-dependent neoplasia, or pregnancy; undiagnosed abnormal genital bleeding; past or 
present, benign or malignant liver tumors developing during use of estrogenic products. 


Warnings: 


Cigarette-smoking increases risk of serious cardiovascular side effects from OC use. Risk increases with age and 
heavy smoking (15 or more cigarettes/day) and is quite marked in women over 35. OC users should be strongly 
advised not to smoke. OCs are associated with increased risk of several serious conditions including venous and arterial 


thromboembolism, thrombotic and hemorrhagic stroke, myocardial infarction, visual disorders, hepatic tumors, gallbladder 
disease, hypertension, fetal abnormalities. Practitioners should be familiar with the available information relating to 
these and other risks. 





1 Thromboembolic disorders and other vascular problems: \ncreased risk of thromboembolic and thrombotic disease 
associated with OCs is well established. A British study showed increased risk for fatal venous thromboembolism (TE). British 
and U.S. studies showed increased risk for nonfatal disease. U.S. studies showed increased risk for stroke. OC users were 
2-11 times more likely to manifest these diseases without evident cause. In a study of idiopathic deep vein thrombosis and 
pulmonary embolism (PE), projected hospitalization rates for ages 16-40 were 47/year/100,000 users and 5 for nonusers. 
Overall excess mortality from PE or stroke was 1.3-3.4 deaths/year/100,000 users and increased with age. Cerebrovascular 
Disorders: \n a study of stroke with and without predispositions, risk of hemorrhagic stroke was 2 times greater and thrombotic 
stroke 4.0-9.5 times greater in users. Mortality trends in 21 countries indicate that changes in cardiovascular mortality were 
associated with changes in OC prevalence. The Royal College of GPs (RCGP) reported on its prospective study: “A statistically 
significant higher rate of reporting of cerebrovascular accidents in Takers is evident, but the numbers are too small to justify 
an estimation of the degree of risk.” A 1981 analysis showed a 4-fold increased mortality in users from circulatory diseases, 
mainly myocardial infarction (MI) and hemorrhagic stroke. Excess mortality was associated with age and smoking. A 1983 
analysis showed elevated cerebrovascular disease, increasing with use to 8 yrs, including cerebral thrombosis or embolism 
and TIA. Peripheral arterial disease and MI were increased. Women over 30 had more arterial disease, being greatest in 
smokers. Arterial case-fatality was 2-3 times greater for users who smoked. Family Planning Assoc. (FPA) found significant 
association between OC use and stroke; increased risk for venous thrombosis and PE was 4-fold and statistically significant. 
Mortality from nonrheumatic heart disease was greater in ever-users. In the Walnut Creek Study, subarachnoid hemorrhage 
risk was associated with smoking, age, and OC use. Myocardial Infarction: Increased risk of MI associated with OCs was 
reported in Britain, as previously suspected. The morbidity study found the greater the number of risk factors for coronary 
artery disease (smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia) the higher 
the risk, regardless of OC use. OCs were an additional risk factor. Excess rate of fatal MI was 3.5/year/ 100,000 users aged 
30-39 and 20 for ages 40-44. (These are based on British statistics with acute MI death rates 2-3 times less than the U.S. 
Similar estimates for the U.S. are 25.7 for users aged 30-39 with predispositions vs 1.5 without; for ages 40-44, 86.2 vs 5.1.) 
Excess hospitalization rate for nonfatal MI in Britain was 3.5/year/ 100,000 users aged 30-39 and 47 for ages 40-44. Smoking 
iS a Major predisposing condition to MI. In terms of relative risk, nonsmoking OC users are twice as likely to have fatal MI as 
nonsmoking nonusers. Smoking users have a 5-fold greater risk than nonsmoking users, but a 10-12-fold greater risk than 
nonsmoking nonusers. Amount of smoking is an important factor. In determining importance of these risks, give serious 
consideration to rates in table below. Importance of other predispositions cited above in determining relative and absolute 
risks has not been quantified; it is likely the same synergism exists, but perhaps to a lesser extent. U.S. studies similarly 
relate MI, OCs, smoking, and age. 


Estimated Mortality Rate from Myocardial Infarction per 100,000 Women/Year 
Aged 30-39: Users Nonusers Aged 40-44: Users Nonusers 


All smokers 10.2 2.6 62.0 15.9 
>= 15 cigarettes daily 13.0 5.1 78.7 31.3 
<15 cigarettes daily 47 0.9 28.6 5.7 
Nonsmokers 1.8 1.2 10.7 7.4 
Smokers and nonsmokers 5.4 1.9 32.8 11.7 





Risk of Dose: Reports of TE after use of OCs with > 50 mcg estrogen received by drug safety committees in Britain, Sweden, 
and Denmark were compared with distribution expected from market research sales estimates. A positive correlation was 
found between estrogen dose and reporting of TE, including coronary thrombosis, in excess of that predicted by sales. OCs 
with > 100 mcg estrogen were associated with higher TE risk than those with 50-80 mcg. Estrogen quantity may not be the 
sole factor; influence of progestogens was not considered, which may be responsible for certain discrepancies in the data. 
No significant differences were noted between OCs containing same estrogen dose nor between ethinyl estradiol and mestranol. 
In Britain certain TE conditions were associated with progestogen or estrogen dose. In Sweden reports of TE decreased when 
higher estrogen doses were no longer prescribed. Studies on TE risk with progestogen-only OCs have not been done. Cases 
have been reported for these; they are not presumed free of risk. In a U.S. case-controllec study, relative risk of OC use 1 
month before hospitalization for various types of TE was calculated. If relative estrogenic potency and possible influence of 
different progestogens are ignored, OCs may be divided into those with <100 mcg and those with => 100 mcg estrogen. For 
all cases combined, larger doses were associated with only slightly higher risk; for idiopathic cases risk was doubled with 
larger doses, but confidence limits overlapped and differences were not significant. Apparently there was less increased risk 
for cases with predispositions. In FPA study no nonhemorrhagic strokes occurred with <50 mcg estrogen, vs 13 with higher 
doses. Latter group also had more venous TE. TE risk in users and nonusers increases with age. OCs have been considered 
an independent risk factor. Decreased HDL, which relates to increased myocardial ischemia, occurs with high progestational 
activity. Consider amount of both steroids in choosing OC. Persistence of Risk after OC discontinuation was reported for 
circulatory disease, nonrheumatic heart disease, and cerebrovascular disease, including subarachnoid hemorrhage, cerebral 
thrombosis, and TIA. Excess Mortality from Circulatory Diseases: A U.K. prospective study estimated annual mortality from 
Circulatory diseases for OC users and nonusers by age, smoking, and duration of use. Excess mortality was 23/100,000 users 
(2 and 10 for ages 25-34, 15 and 48 for ages 35-44, 41 and 179 for ages >44, for nonsmokers and smokers, respectively). 
Risk was significant only for smokers over 34. Most deaths were due to subarachnoid hemorrhage or ischemic heart disease. 
Risk for ever-users rose with parity. One study estimated risk of death with vanous contraceptive methods, each estimate 
including risk of method (eg, TE for OCs) plus risk due to pregnancy or abortion in cases of method failure. This latter risk 
varies with effectiveness. It concluded mortality with all methods is low and below that of childbirth, except for OC users over 
40 who smoke. Heavy smokers have double the risk of smokers, light smokers about half. Mortality with OC use in 
nonsmokers over 40 is higher than with any other method in that age group. Lowest mortality is with condom or diaphragm 
backed up by early abortion. Risk of TE and thrombotic disease with OCs increases with age after 30 and, for MI, is further in- 





creased by hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia, and especially cigarette smok- 
ing. Based on current data, the chart gives gross estimates of risk of death from circulatory disorders associated with OCs: 
Risk is: A—very high; B—high; C—moderate, D—low. Age: <30 30-39 => 40 
Heavy smokers (> 15/day) C B A 

Light smokers (<15/day) D C B 
Nonsmokers, no predispositions D C.D c 
Nonsmokers, with predispositions C C.B BA 





Be alert to earliest manifestations of TE disorders (eg, thrombophlebitis, PE, cerebrovascular insufficiency, coronary artery 
disease, MI, retinal thrombosis, mesenteric thrombosis). Should any be suspected, discontinue OCs immediately. A 4-7-fold 
increased risk of postsurgery TE was reported in users; if feasible discontinue OCs at least 4 weeks before surgery or in 
prolonged immobilization. Before resuming OCs, weigh risks of postsurgery TE complications against contraceptive needs. 
RCGP reported higher incidence of superficial and deep vein thrombosis in users, the former correlated with progestogen 
dose. Varicose veins have little effect on development of deep vein thrombosis. 2. Ocular lesions: Neuro-ocular lesions such 
as optic neuritis or retinal thrombosis have been associated with OCs. Discontinue if there is unexplained, gradual or sudden, 
partial or complete loss of vision; proptosis or diplopia; papilledema; or evidence of retinal vascular lesions. Institute diagnostic 
and therapeutic measures. 3. Carcinoma: Long-term estrogen in certain animals increases carcinomas and/or nonmalignant 
neoplasms, such as those of breast, uterus, cervix, vagina, ovary, liver, pituitary. Some synthetic progestogens, none currently 
in OCs, increase incidence of benign and malignant mammary nodules in dogs. Estrogens increase risk of human endometrial 
carcinoma. In case-controlled studies, increased risk (2.2-13.9 times) associated endometrial carcinoma with prolonged 
estrogen for menopausal symptoms. Risk was independent of other known risk factors and depended on duration of use and 
dose. This is supported by increased endometrial cancer incidence since 1969 in areas with cancer-reporting systems, which 
may be related to expanding estrogen use. There is no evidence that natural estrogens are more or less hazardous than 
synthetics. Of the first 30 cases of endometrial carcinoma in OC users under 40, those without predispositions occurred 


nearly always with no-longer-marketed sequential OCs. No statistical association is reported suggesting increased enc 
cancer with combination or progestogen-only OCs. Studies show no increased breast cancer with OCs or estrogens. | 
greater risk was noted in OC users with benign breast disease or long-term (2-4 years) use. One study found greate 
breast cancer with >4 years OC use prior to first full-term pregnancy. Risk of breast cancer with menopausal estrog 
and further increased with duration of follow-up. OCs or estrogen were related to breast cancer in connection with € 
factors and in various subgroups. Decrease in benign breast tumors in OC users is well known. Some studies sı 
increased risk of cervical dysplasia, CIN, erosion, and carcinoma in long-term users. Cervical microglandular hyperp 
been reported. In summary, there is no consistent evidence from human studies of increased cancer risk with OC 
surveillance is, however, essential. In undiagnosed persistent or recurrent abnormal vaginal bleeding, consider nonf 
Causes and take diagnostic measures to rule out malignancy. Carefully monitor users with strong family history í 
cancer or with breast nodules, fibrocystic disease, recurrent cystic mastitis, abnormal mammograms, or cervical d 
4. Hepatic adenomas, etc, have been associated with OCs. In 1 study OC formulations with high “hormonal poten: 
associated with higher risk, as was age over 30. Though benign, these lesions may rupture and cause fatal hemope 
in short- or long-term users. Two studies related risk to duration of use, being much greater after >4 years. Long- 
users have an estimatec adenoma incidence of 3-4/year/100,000. Consider such lesions in users with abdomi 
tenderness, mass, or shock. About 25% present with abdominal masses, up to half with acute hemoperitoneum. R 
and lab studies may not be helpful; ‘iver scans may show local defect. Hepatic arteriography or CAT may bi 
Hepatocellular carcinoma risk is increased 7-20 times in users for 8 or more years. Bile duct cancer may occur with 
5. Use in or immediately preceding pregnancy, birth defects, malignancy in offspring: Estrogens or progestogens dur 
pregnancy may seriously damage offspring. Females exposed in utero to DES and other nonsteroidal estrogens n 
increased risk of vaginal or cervical cancer. Though OCs may not enhance this risk, monitor such patients carefully. F 
90% of DES-exposed women develop benign vaginal or cervical adenosis. which could be premalignant. DES- 
daughters have more unfavorable pregnancy outcomes. Males so exposed may develop urogenital and sperm defec 
estrogens may mimic DES. Reports relate fetal exposure to temale sex hormones and congenital anomalies, eg, VAC 
vertebral, anal, cardiac, tracheoesophageal, renal, and limb defects. There appears preferential expression by male 
was a 4.7-fold increased nisk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal wi 
pregnancy tests, or treatment for threatened abortion). Some exposures were very short, being only a few days. Cardic 
defects in children exposed to female hormones, including OCs, during early pregnancy occurred in 18.2/1,00I 
compared to 7.8 for those unexposed (P<.05). Female hormone exposure in utero was associated with testicular anc 
cancer. More twinning was reported in conceptions shortly after OC discontinuance. Female sex hormones were 
threatened or habitual abortion, but there is considerable evidence estrogens are ineffective and no evidence prog 
are effective Triploidy and possibly other polyploidy may be increased in abortuses from women becoming pregn 
post-OC. These almost always abort spontaneously. It is unknown if spontaneous abortion is increased soon after 
OCs. Increased chromosome aberrations have been reported. Safety of OCs in pregnancy has not been demonstra 
Out pregnancy in using OCs and always consider it if withdrawal bleeding does not occur. If 2 consecutive periods ari 
rule out pregnancy before continuing. If user deviates from regimen, consider pregnancy at first missed period and 
OCs. If pregnancy is confirmed, stop OC and apprise patient of potential fetal risks and discuss continuation of pr 
Users discontinuing for pregnancy should use alternative contraception for 3 months before attempting to conceive 
this is not based on precise information. Do not use progestogen-only or progestogen-estrogen drugs as pregnan 
6. Gallbladder disease risk, surgically confirmed, appeared after 2 years’ use and doubled after 4-5 years in 1 
appeared in 6-12 months’ use in another. Bile duct cancer has been reported. 7. Carbohydrate and lipid metabolism: D 
glucose tolerance occurs in a significant number of users; carefully observe diabetic and prediabetic patients. Trig! 
total phospholipids, and lipoproteins may increase. 8. Elevated blood pressure (BP) occurs in some users in a few 
and degree may relate to progestogen dose. Hypertension prevalence in users is not higher in the first year, but i 
with longer exposure; in the 5th year it is 212-3 times the first year. Age is strongly correlated with hypertension | 
Those with history of elevated BP (hypertension), preexisting renal disease, history of toxemia or elevated BP in pr 
familial tendency to hypertension or its consequences, or history of excessive weight gain or fluid retention during n 
cycles may be more likely to develop e'evated BP on OCs and should be monitored closely. Even though elevated BF 
in “normal” range, do not ignore implications. Follow closely, particularly those with other risk factors for cardic 
disease or stroke. High BP may or mey not persist after stopping OCs. 9. Headache: Onset or exacerbation of mi 
development of headache of a new pattern that is recurrent, persistent, or severe requires stopping OCs and evaluatin 
10. Bleeding irregularities: Breakthrough bleeding (BTB), spotting, and amenorrhea are frequent reasons for disconti 
BTB, as in all cases of irregular bleeding, consider nonfunctional causes. In undiagnosed persistent or recurrent bleet 
out pregnancy or malignancy. If pathology is excluded, time or change to another product may suffice. Change to i; 
estrogen OC only when necessary as this may increase thromboembolic risk. Those with history of oligomenc 
secondary amenorrhea or without established regular cycles may be anovulatory or amenorrheic after discontinuin 
with such problems should be so informed and other methods encouraged. Post-use anovulation, possibly prolong 
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The course of labor after endurance exercise during pregnancy 


James F. Clapp ITI, MD 


Burlington, Vermont 


This study was designed to test the hypothesis that continuation of a regular running or aerobics program, 
or both, during the latter half of pregnancy would have a negative effect on the course and outcome of 
labor. The onset, course, and outcome of labor were independently monitored in 131 well-conditioned 
recreational athletes who had an uneventful first half of pregnancy. Daily exercise performance was 
quantitated before conception and throughout pregnancy. Comparisons were made between the 87 
women who continued to exercise regularly at or above 50% of their preconceptional level throughout 
pregnaricy and the 44 who discontinued their regular exercise regimen before the end of the first trimester. 
The incidence of preterm labor was similar in the two groups (9%). Labor began significantly earlier in the 
exercise group (277 + 6 vs 282 + 6 days). The women who continued to exercise had a lower incidence 
of abdominal (6% vs 30%) and vaginal (6% vs 20%) operative delivery, and active labor was shorter 

(264 + 149 vs 382 + 275 min) in those who were delivered vaginally. Finally, clinical evidence of acute 
fetal stress (meconium, fetal heart pattern, and Apgar score) was less frequent in the exercise group (50% 
vs 26%), although birth weight was reduced (3369 + 318 vs 3776 + 401 gm). These data negate the 
initial hypothesis and indicate that, in well-conditioned women who regularly perform aerobics or run, 
continuation of these exercise regimens has a beneficial effect on the course and outcome of labor. (AM J 


Osstet Gynecot 1990;163:1 799-805.) 
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It is likely that regular physical activity, as well as the 
improved physical fitness that accompanies it, has a 
beneficial effect on the course and outcome of labor. 
However, a direct assessment of this relationship is dif- 
ficult because of the confounding effects of the multiple 
exercise variables involved and the other maternal, 
uterine, fetal, and obstetric factors that are known to 
influence labor. Thus it is not surprising that the reports 
dealing with the impact of exercise during pregnancy 
on labor have been divergent with some reporting 
benefit’? and others either no effect’* or a detrimental 
one.”* 

The purpose of this study was to provide a definitive 
answer to the question, does continuation of a regular 
exercise regimen throughout pregnancy influence the 
course and outcome of labor? In an attempt to con- 
trol the multiple variables involved, the current study 
used a prospective design and was limited to well- 
conditioned recreational athletes who performed one 
of two forms of high-intensity exercise (running or 
aerobics) in which a large fraction of the body’s muscle 
mass is used against gravity for relatively prolonged 


From the Department of Obstetrics and Gynecology, The University 
of Vermont College of Medicine. 

Supported in part by National Institutes of Health grant HD21268 
and grant 6-464 from the March of Dimes Birth Defects Foundation. 
Presented at the Thirty-seventh Annual Meeting of the Society for 
Gynecologic Investigation, St. Louis, Missouri, March 21-24, 1990. 
Reprint requests: James F. Clapp II, MD, Physiology Laboratory, 
Department of Obstetrics and Gynecology MetroHealth Medical Cen- 
ter, 3395 Scranton Road, Cleveland, OH 44109. 

6/6/24724 


periods of time. The experimental design also included 
a relatively large sample size, a matched populace of 
recreational athletes who discontinued exercise, daily 
monitoring of exercise performance before and during 
pregnancy, and on-site, independent monitoring of the 
course and outcome of labor. The hypothesis tested was 
that when a regular running or aerobics regimen is 
continued at or above 50% of preconceptional levels 
throughout pregnancy it has a negative impact on the 
course and outcome of labor. The objective outcome 
parameters included indices of labor onset, manage- 
ment, course, complications, outcome, and fetal stress. 


Material and methods 


Between July 1983 and February 1990, we prospec- 
tively monitored the spontaneous exercise perfor- 
mance of 67 recreational runners and 64 aerobic dan- 
cers who, with the exception of preterm labor, had 
clinically normal pregnancies, with labor and delivery 
under surveillance by study personnel. All subjects had 
been exercising regularly for at least 6 months before 
conception, three or more times each week for at least 
30 minutes each session at an intensity >50% of their 
individual maximum capacity. Written informed con- 
sent was obtained from each subject at the time of en- 
rollment. Because of very real human subject concerns 
and an unwillingness on the part of many subjects to 
change their specific exercise regimen, the subjects 
were not randomized prospectively to different regi- 
mens. Rather, they were divided into two groups on 
the basis of their spontaneous level of exercise perfor- 
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mance during pregnancy. The 46 runners and 41 aero- 
bic dancers who continued to exercise at or above 50% 
of their preconceptional performance level throughout 
the 10 lunar months of pregnancy formed the contin- 
ued exercise group. The 21-runners and 23 aerobic 
dancers who spontarieously stopped their regular ex- 
ercise regimen by the end of the first trimester formed 
the discontinued exercise or reference group. 

To quantitate each individual’s exercise,. we mea- 
sured maximum oxygen consumption before concep- 
tion and the relationship between heart rate and oxy- 
gen consumption during graded exercise in the labo- 
ratory before conception and every 6 to 8 weeks during 
pregnancy. Concurrent field heart rate data and the 
time spent in exercise were gathered with a portable 
telemetry system, and the data were used to calculate 
overall weekly exercise performance. This was quan- 
titated by means of the training effect method and was 
expressed as a duration-intensity index (product of 
weekly duration and average weekly intensity).° 

Pregnancy was confirmed within a few days of missed 
menses (B-human chorionic gonadotropin level) and 
dates were confirmed by early ultrasonography 53 to 
60 days after the last menstrual period. With the ex- 
ception of preterm labor, the pregnancies were all clin- 
ically normal and the course and outcome of each labor 
were monitored by an independent observer who was 
present but was not involved in the subject’s clinical 
care. 

The onset of labor was defined as the onset of regular 
uterine contractions followed by progressive cervical 
change. Preterm labor was defined as the onset of labor 
before 263 days’ gestation (<37¥ weeks of gestation 
completed), and premature rupture of the membranes 
was defined as the onset of persistent vaginal fluid leak- 
age before the onset of subjective uterine activity that 
was confirmed on examination by an alkaline pH and 
ferning of the fluid. The start of the active phase of 
labor was set at 4 cm of cervical dilation with regular 
uterine contractions, and women who were further ad- 
vanced in labor at the time of initial evaluation were 
not included in the study. An abnormal fetal heart pat- 
tern was defined as one that initiated medical inter- 
vention and the Apgar score was assigned by.the de- 
livery room nurse or pediatrician in attendance. 

Significant between-group differences for normally 
distributed parameters were detected with the un- 
paired Student ¢ test. Differences in exercise per- 
formance were assessed with the Wilcoxon—Mann- 
Whitney test. Between- and within-group differences 
in incidence were detected by means of the x? statistic 
with the Yates correction for small groups. Regression 
analysis was used to detect any within-group effect of 
weight gain, exercise performance, preconceptional 
weight, and parity on numeric parameters. Significance 
was set at the 0.05 level. 
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Results 

Maternal characteristics. The subjects were all white, 
were middle or upper socioeconomic class, and worked 
part-time or full-time. None smoked, alcohol intake was 
limited (maximum recorded was four glasses of beer 
per week), and all subjects ate an adequate caloric, well- 
balanced diet that was low in simple sugar and high in 
complex carbohydrate. They were all in excellent 
health and averaged 31 years of age (range 24 to 38). 
Preconceptional weight and height ranged between 
42.3 and 78.4 kg and between 155 and 185 cm, re- 
spectively. Most (128/131) had a normal menstrual pat- 
tern; 52% of the populace were nulliparous arid 47% 
were primiparous. Two subjects were secundiparous. 
The only obstetric risk factors included one siibject with 
a history of diethylstilbestrol exposure, two with a his- 
tory of bulimia in college, and one with a prior preterm 
delivery.. Data on family obstetric history were not ob- 
tained, but there were no between-group differences 
in the distribution of birth orders, birth weights, or 
route of delivery of the subjects themselves. 

All subjects were fit as assessed by. preconceptional 
morning pulse rate (range 48 to 62 beats/min), maxi- 
mal oxygen consumption (range 43 to 68 ml/kg/min), 
weight for height (range of ponderal index 1.06 to 


1.38); and percent bedy fat (range 10% to 24%). When 


referenced to current normative standards," all sub- 
jects had maximum oxygen consumptions in the upper 
15% of the overall populace with an average ok 54.3 
ml/kg/min. 

There were no significance between-group differ- 
ences in any of these demographic, morphometric, life- 
style, and obstetric variables cr in the four objective 
indices of fitness. In fact, the only two discernible 
between-group differences were that the women who 
discontinued their regular exercise regimen in early 
pregnancy had an overall level of exercise performance 
before conception that averaged 25% less than that of 
the women who continued their regular regimen 
throughout pregnancy (Table I) and their average 
pregnancy weight gain (17.2 kg) was 3.6 kg greater than 
that of those who continued exercise (13.6 kg). 

Maternal exercise performance. Before conception 
running performance ranged between 14 and 68 km 
each week at a pace between 3.9 and 6.1 min/km and 
an intensity ranging between 51% and 83% of maxi- 
rium. Participation in aerobics ranged between 3 and 
11 sessions each week at an intensity between 54% and 
90% of maximum during the 25- to 30-minute high- 
intensity phase of the workout. The mean group pulse 
rate was 166 beats/min during both aerobics and run- 
ning, but there was a great déal of individual variation 
with individual average exercise pulse rates ranging 
between 122 and 190 beats/min. The relationship be- 
tween pulse rate and exercise intensity was extremely 
variable such that a pulse rate of 140 beats/min for 


Volume 163 
Number 6, Part 1 


Table I. Maternal exercise performance 
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Control Exercise 
(N = 44) (N = &7) Significance 


Duration-intensity index before pregnancy 
During pregnancy* (%) 

Last half of pregnancy* (%) 

9-10 mo of pregnancy* (%) 


9840 + 303 13,070 + 332 0.01 
14 + 17 68 + 16 0.01 
5+ 10 65 + 17 0.01 
2+ 3 60 + 18 0.01 





Values are mean + SD. 
*Percent of prepregnancy value. 


different individuals represented an oxygen consump- 
tion that ranged between 42% and 73% of measured 
maximum capacity. 

During the first half of pregnancy the intensity of 
exercise was maintained at or near preconceptional 
levels (51% to 90% of maximum) in the continued ex- 
ercise group. However there was an average decrease 
in running distance and number of aerobics classes to 
29 km/wk and 4.8 classes per week, resulting in a 23% 
average reduction in the time spent in exercise during 
the first half of pregnancy. The relationship between 
exercise intensity and pulse rate became more variable. 
At 8 and 16 weeks a pulse rate of 140 beats/min for 
different individuals represented an oxygen consump- 
tion that ranged between 31% and 76% of preconcep- 
tional maximum capacity. During the latter half of 
pregnancy the range of intensity decreased to 50% to 
76% of maximum capacity, but the range of the time 
spent in exercise increased (40% to 160% of precon- 
ceptional duration). As a result the average running 
distance and overall aerobics effort remained stable. 
Again there was wide individual variation in both pulse 
rate and its relationship to exercise intensity. Individual 
average pulse rates during exercise ranged between 
110 and 187 beats/min, and a rate of 140 beats/min 
for different individuals represented an oxygen con- 
sumption that ranged between 35% and 68% of pre- 
conceptional measured maximum capacity. Thus dur- 
ing pregnancy the slope of the relationship between 
individual pulse rate and exercise intensity, measured 
as a percentage of preconceptional maximum absolute 
oxygen consumption, changed in different directions 
at different time points in pregnancy, and individual 
average pulse rates, which ranged between 110 and 195 
during exercise in pregnancy, were not by themselves 
an accurate index of individual exercise intensity. The 
individual range of overall exercise performance for 
the entire pregnancy ranged between 50% and 109% 
of preconceptional levels. For the latter half of preg- 
nancy the range in individual overall performance was 
50% to 122% of preconceptional levels. Mean values 
for the entire group are listed in Table I for the entire 
pregnancy, the last 5 months, and last 2 months. 

Although the women who discontinued regular ex- 
ercise had an overall preconceptional performance 


level that averaged 25% less than that of those who 
continued, their overall level of performance still rep- 
resented an average of 26 km/week for the runners 
and an average of four or five classes per week for 
those who performed aerobics at similar intensities. 
The majority of these women (n = 37) spontaneously 
discontinued exercise in early pregnancy for one of two 
reasons. First, dealing with the extreme fatigue and 
nausea of early pregnancy completely abolished their 
desire to exercise early on, and they simply never prior- 
itized the time to begin their regular exercise regimen 
again during pregnancy. Second, they could not cope 
emotionally with the reduction in performance level 
suggested by their physicians or their own uncertainties 
concerning the potential impact of the exercise on the 
pregnancy, which were reinforced at the initial prenatal 
visit. As a result they simply stopped until after delivery. 
In the remainder minor injury, job pressures, or pa- 
ternal concerns played a major role. As a group (Table 
I) their average level of overall performance fell to 2% 
to 5% of preconceptional levels by the end of the fifth 
lunar month. 

Onset of labor. As detailed in Table II, continuing 
the ballistic motion associated with running and aero- 
bics throughout pregnancy did not increase the inci- 
dence of either the onset of labor before 371% weeks of 
gestation were completed or membrane rupture before 
the onset of perceived labor. The incidence of spon- 
taneous membrane rupture that eventually necessitated 
induction of labor was also similar in the two groups. 
However, the onset of labor at or near term occurred 
5 days earlier on average in the women who continued 
exercise. When examined individually within groups, 
prepregnancy weight, pregnancy weight gain, parity, 
preconceptional or pregnant level of exercise perfor- 
mance, and exercise type (aerobics or running) did not 
have a significant effect on gestational length (all in- 
dividual R? values <0.02). 

Obstetric management. As a group the women who 
continued their regular exercise regimens throughout 
pregnancy experienced significantly less obstetric in- 
tervention (Tables IH and IV). This included highly 
significant reductions in both elective and indicated la- 
bor stimulation, episiotomy, and use of epidural an- 
esthetic, as well as both vaginal and abdominal opera- 
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Table II. Onset of labor 


Control Exercise 
(N = 44) (N = 87) 
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Significance 
Preterm (<day 263) 9% (n = 4) 8% (n = 7) NS 
Term (mean + SD) 282 + 6 277 + 6 0.01 
PROM at term 29% (n = 13) 30% (n = 26) NS 
Induction of labor 13% (n = 6) 13% {n = 11) NS 
Actual number of cases is shown in parentheses. PROM, Premature rupture of membranes. 
Table IHI. Labor management 
Conirol Exercise 
Parameter (N = 44) (N = 87) Significance 
Artificial rupture of membranes 50% (n = 22) 23% (n = 20) 0.01 
Stimulation for abnormal labor pattern 20% (n = 9) 13% (n = 11) 0.01 
Second stage arrest 14% (n = 6) 2% (n = 2) 0.01 
Epidural anesthetic used 50% (n = 22) 28% (n = 24) 0.0] 
Method of delivery 7 
Spontaneous 50% (n = 22) 88% (n = 77) 0.01 
Forceps 20% (n = 9) 6% (n = 5) 0.01 
Cesarean section 30% (n = 13) 6% (n = 5) 0.01 


Actual number of cases is shown in parentheses. 


tive delivery. This was not due to a between-group dir 
ference in the number of parous subjects. Rather, it 
was directly related to a significant increase in the in- 
cidence of both protraction disorders and second-stage 
arrest in the discontinued exercise group, which cre- 
ated a greater need for stimulation and operative in- 
tervention. The latter also had a causal role in the in- 
creased duration of active labor in the control group. 
However, when the cases in which cesarean section was 
the method of delivery were excluded, active labor was 
still 30% shorter on average in the exercise group, and 
within both groups parous subjects had significantly 
shorter labors than nulliparous women. Within the dis- 
continued exercise group there was a significant direct 
relationship (R? = 0.1103) between maternal weight 
gain and the length of labor, and x? analysis indicated 
that a weight gain in excess of 18 kg was associated with 
a significant increase in the incidence of both protrac- 
tion disorders and operative delivery. These relation- 
ships were not present in the continued exercise group. 
Similarly, exercise performance before or during preg- 
nancy and exercise type did not have any additional 
effect in the exercise-continued group. 

Fetal condition and outcome. The parameters eval- 
uated for assessing the fetal condition and outcome 
included meconium-stained fluid, fetal heart patterns, 
visual evidence of a nuchal cord at delivery, and Apgar 
score. Scalp pH was determined infrequently and was 
always in the normal range. A fetal heart rate pattern 
was thought to be abnormal only if it initiated a clinical 
response on the part of the midwife or physician (oxy- 
gen, maneuvers to shorten the second stage, abdominal 


delivery). As can be seen in Table V, each of these four 
indices of fetal stress occurred mere frequently in the 
discontinued exercise group. Undoubtedly, these oc- 
currences were also a factor in the higher rate of ob- 
stetric intervention in the discontir.ued exercise group. 
Within-group interactive effects on the four parame- 
ters used as evidence of fetal stress were not observed. 
Finally, birth weight was reduced by approximately 400 
gm in the exercise group. This was not related to a 
between-group difference in the sex of the offspring 
(exercise continued, 52% male; exercise discontinued, 
48% male). Within the discontinued exercise group a 
birth weight >4000 gm was associated with an increased 
incidence of protraction disorders and operative deliv- 
ery. Within the exercise-continued group there was no 
detectable relationship between birth weight and ob- 
stetric intervention with birthweight cutoffs of 3500 
and 3750 gm (only one infant weighed >4000 gm). 
Within the overall populace there was a significant re- 
lationship (7° = 0.2768) between birth weight and preg- 
nancy weight gain. As discussed elsewhere," this cor- 
relation is due to the independent effects of exercise 
on both parameters. 


Comment 


These data negate the initial hypothesis and clearly 
indicate that, in physically fit women who performed 
aerobics or ran on a regular basis before pregnancy, 
continuing a regular running or aerobics exercise pro- 
gram above a maintenance level throughout pregnancy 
had a beneficial effect on multiple aspects of the course 
and outcome of labor. Overall, continued exercise was 
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Table IV. Management— Vaginal deliveries only 

Control Exercise 
Parameter (N = 31) (N = 82) Significance 
Active labor (min) (mean + SD) 382 + 275 264 + 149 0.01 
Active first stage (min) (mean + SD) 302 + 19] 223 + 134 0.01 
Parous 52% (n = 16) 53% (n = 43) NS 
Forceps use 29% (n = 9) 6% (n = 5) 0.01 
Episiotomy done 81% (n = 25) 46% (n = 38) 0.01 
Epidural anesthetic use 41% (n = 13) 29% (n = 24) 0.01 
Abnormal labor pattern 35% (n = 11) 20% (n = 16) 0.01 
Actual number of cases is shown in parentheses. Active labor, 4 cm dilatation to delivery. 
Active first stage, 4 to’ 10 cm dilatation. 
Table V. Fetal condition and outcome 
Control Exercise 
Parameter (N = 44) (N = 87) Significance 

Meconium in fluid 25% (n = 11) 14% (n = 12) 0.01 
Abnormal heart rate* 25% (n = 11) 14% (n = 12) 0.01 
Nuchal cord 55% (n = 24) 26% (n = 23) 0.01 
1 min Apgar score <7 25% {n = 11) 14% (n = 12) 0.01 
Birth weight (gm) (mean + SD) 3776 + 401 3369 + 318 0.01 


Actual number of cases is shown in parentheses. 
*Fetal heart rate pattern resulting in physician action. 


associated with a shorter labor, less need for obstetric 
intervention, and fewer signs of fetal stress. Additional 
‘correlations suggest that the effect of continued exer- 
cise on the management and duration of labor is par- 
tially due to its effect on birth weight." 

Despite the fact that the 87 women who continued 
to exercise throughout pregnancy did so at intensities 
and for time periods well above currently recom- 
mended levels, there was no evidence, other than a 
reduction in birth weight, that the theoretical concerns 
about these types of exercise in late pregnancy were 
valid. There was no evidence to support the concern 
that exercise triggers preterm labor or increases the 
incidence of membrane rupture before the onset of 
labor. No cases of abruptio placentae were noted, the 
incidence of nonvertex presentations was not increased, 
and clinical evidence of fetal compromise at the onset 
or during labor was not found. An additional benefit 
of continuing a regular exercise regimen was the lim- 
itation in maternal pregnancy weight gain. However, 
the fact that this was largely confined to the women 
runners” indicates that it was not a significant deter- 
minant of the course and outcome of labor, which did 
not vary with exercise type. 

Although not specifically examined, the rate of prog- 
ress in and the duration of labor, coupled with the 
decreased incidence of protraction disorders in the ex- 
ercise group, suggested that exercise at these levels in 
late pregnancy may have had a positive effect on cer- 
vical ripening and uterine coordinate activity without 


initiating preterm labor. In fact, three subjects initially 
qualifying for the exercise group were excluded from 
analysis because labor was so short that they entered 
the labor suite at or near full dilatation and were de- 
livered before adequate assessment could be accom- 
plished. These observations, coupled with the low in- 
cidence of episiotomy and operative vaginal delivery 
and an average 40-minute second stage, clearly do not 
support the concern raised in several earlier publica- 
tions that these types of exercise may increase the re- 
sistance of the perineal tissues.” ° 

As discussed elsewhere,'! the difference in birth 
weight was primarily due to a reduction in fetal fat mass 
in the offspring of the women who continued a regular 
exercise regimen throughout late pregnancy. This did 
not create clinical difficulty in the neonatal period, and 
if the leanness persists, it may actually turn out to be 
an advantage in terms of cardiovascular risk in later 
life. It is conceivable that this difference in birth weight 
could place the preterm infant at greater risk of mor- 
bidity and mortality. However, as the birth weight dif- 
ference is primarily a difference in fat and the majority 
of in utero fat deposition occurs after the thirty-fourth 
week, the difference in birth weight should be minimal! 
in infants born to exercising women before that point 
in gestation. 

Several shortcomings of the current study should be 
emphasized. First, because of human subject concerns 
and individual commitment to a chosen exercise regi- 
men, exercise performance during pregnancy was sim- 
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ply monitored, not randomly assigned. As such, group 
assignment was essentially self-selected and could po- 
tentially introduce bias. However, as detailed above, the 
two groups were well matched for most demographic, 
obstetric, morphometric, and life-style factors that are 
known to affect birthweight and the course and out- 
come of labor. While this match does not control for 
some variables such as potential individual differences 
in hormonal milieu, the discontinued exercise group 
did provide a valid reference for most of the clinically 
recognized dependent variables that influence labor. In 
addition, although the women in the discontinued ex- 
ercise group performed significantly less exercise each 
week before conception than those who continued to 
exercise throughout pregnancy, objectively they were 
equally fit before pregnancy and, if anything, their level 
of fitness decreased during pregnancy, which should 
have had a reverse bias effect on the course and out- 
come of labor.’ 

While it is possible that the lower level of overall 
preconceptional exercise performance in the discontin- 
ued exercise subgroup could have reflected additional 
factors that influenced the course and outcome of 
labor, we could not identify any. Although the per- 
formance of this group was relatively lower before 
conception, it was still significant (27 km/wk or four or 
five aerobic sessions per week), and they still were ex- 
tremely fit (average maximum oxygen consumption of 
54.2 ml/kg/min) and averaged 150 minutes of high- 
intensity endurance exercise each week. On the basis 
of these data we doubt that the difference reflected 
unrecognized factors that biased labor outcome and 
speculate that the between-group difference in pre- 
conceptional performance simply indicates that women 
who consistently exercise at a higher overall level are 
more likely to continue their exercise regimen during 
pregnancy than women who work at a slightly lower 
level. Finally, there was no consistent relationship be- 
tween a subject’s intended level of exercise perfor- 
mance during pregnancy and her actual level of per- 
formance; iLe., many of the women who planned to 
continue a vigorous exercise regimen stopped and 
many women who were hesitant about their ability to 
maintain an exercise regimen did so. Thus, although 
the design was not ideal, the reference or discontinued 
exercise group did not have an easily detectable selec- 
tion bias of major proportion and the outcomes ob- 
served provide the data needed to ethically permit a 
randomized trial of exercise prescription during preg- 
nancy. 

Second, to isolate the effects of regular exercise on 
the course and outcome of labor, these data were ob- 
tained in a select group of well-conditioned recreational 
athletes who had been regularly performing one of two 
specific types of exercise for several years. As such, 
extrapolation of these findings to other women or other 
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exercise regimens would be inappropriate and the re- 
sults clearly are not applicable to the overall obstetric 
populace. This restriction is important and is supported 
by the findings of several well-controlled studies that 
used less demanding exercise regimens in other groups 
of women and noted either no or minimal impact on 
the course and outcome of labor.*® This restriction 
probably is particularly relevant to the group of women 
who wish to begin a training regimen for the first time - 
during either the periconceptional period or early 
pregnancy. Nonetheless, these findings are in accord 
with the general consensus in the literature that exer- 
cise does not adversely affect the course and outcome 
of labor,'® and the selective nature of the populace 
studied, along with the monitoring of both the actual 
level of exercise performance and the course of labor, 
undoubtedly enhanced our ability to detect the noted 
differences. 

Finally, it is important to emphasize that the 87 
women who continued to run and perform aerobics 
throughout pregnancy did so ata relatively high overall 
level of performance and that, within this populace, 
pulse rate was a relatively poor predictor of exercise 
intensity. These women’s level of exercise performance 
far exceeds that reported in earlier studies. * ** The 
fact that the hypothesized ill-effects were not observed 
at these relatively high levels of performance indicates 
that well-conditioned women probably can continue to 
exercise at relatively high intensities for periods of 230 
minutes without detriment. Likewise, using a pulse rate 
of 140 beats/min to indicate a certain exercise intensity 
or level of effort in well-conditioned women during 
pregnancy appears imprecise. 

In summary, these data, which were obtained in well- 
conditioned, low-risk women, indicate that, in this pop- 
ulace, continuing a regular exercise regimen of run- 
ning or aerobics throughout pregnancy has a beneficial 
effect on multiple aspects of the labor process. Fur- 
thermore, despite a high overall level of performance, 
the anticipated complications were not observed. While 
several well-controlled studies suggest that these find- 
ings probably are not applicable to other types of 
women or exercise regimens,',”,** they are reassuring 
and, in conjunction with the other published human 
data, suggest that current guidelines for exercise in 
pregnancy should be carefully evaluated to determine 
if the potential maternal benefits of exercise may be 
realized without increasing fetal and neonatal risk. 
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Neonatal morphometrics after endurance exercise 


during pregnancy 
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This study was designed to test the hypothesis that continuation of a regular running and/or aerobics _ 
program during late pregnancy at or above 50% of preconceptional levels limits fetal growth. Accordingly, 
detailed neonatal morphometric data were gathered in the offspring of two groups: 77 well-conditioned 
recreational runners and aerobic dancers who were delivered at term after continuing their exercise 
regimen at or above 50% of the preconceptional level throughout pregnancy and 55 matched controls. 
Daily exercise performance was quantitated before conception and throughout pregnancy. Significant 
reductions in birth weight (—310 gm), birth weight percentile (— 20), ponderal index (— 0.24), its percentile 
(—30), and the fetoplacental weight ratio (— 0.7) were seen in the offspring of the exercise group whereas 
crown-heel length (51.4 cm) and head circumference (35.0) were similar in the two groups. Reductions in 
two-site skin-fold thickness (— 1.5 mm), skin-fold percentile (— 30), calculated percent body fat (— 5.0%), 
and fat mass (— 220 gm) in the offspring of the exercise group confirmed the asymmetric pattern of growth 
restriction and indicated that approximately 70% of the difference in birth weight could be explained by the 
difference in neonatal fat mass. In runners, the relative level of exercise performance in the last 5 months 
of pregnancy explained 40% of the variability in birth weight over an 1100 gm birth weight range. We 
conclude that continuation of a regular aerobic or running program at or above a minimal training level 
during late pregnancy results in an asymmetric pattern of growth restriction that primarily impacts on 


neonatal fat mass. (Am J OBsTET GyYNEcoL 1990;163:1805-1 1.) 


Key words: Exercise, pregnancy, birth weight 


The interaction between exercise performance dur- 
ing pregnancy and pregnancy outcome is complex but 
appears to be based on the interplay between the ma- 
ternal physiologic adaptations to exercise and the phys- 
iologic adaptations to pregnancy.’* The magnitude of 
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the exercise-induced adaptations is determined by the 
type, intensity, frequency, and duration of the exercise 
while the magnitude of the adaptations to pregnancy 
is a function of thé time point in the pregnancy when 
the exercise is carried out. Given this number of vari- 
ables, it is not surprising that the reported impact of 
exercise during pregnancy on birth weight has varied, 
with investigators reporting a reduction," * no effect,°* 
or an increase.” '° 

In an attempt to control the multiple variables 
involved, the current study was limited to well- 
conditioned recreational athletes who performed one 
of two forms of high-intensity exercise (running and 
aerobics) in which a large fraction of the body’s muscle 
mass is used against gravity for relatively prolonged 
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Table I. Preconceptional fitness parameters in 
the two groups 


AM pulse 55 + 3 54 x 3 48-62 
(beats/min) 

Body fat (%) 17.2+53 168249 10.2-26.6 

VO, max 52.3 +68 53.8 + 7.1 38.4-68.2 


(ml/kg/min) 


Data presented as mean + SD. 


periods of time. The experimental design included a 
carefully matched control populace, and individual ex- 
ercise performance was prospectively monitored before 
conception and throughout pregnancy. The hypothesis 
tested was that when recreational running and/or aer- 
obics are continued during late pregnancy, at or above 
50% of preconceptional levels, they limit fetal growth. 
The objective outcome parameter was neonatal mor- 
phometry. 


Material and methods 


Between July 1983 and January 1990, we prospec- 
tively monitored the spontaneous daily exercise per- 
formance of 42 recreational runners and 35 aerobic 
dancers who exercised for at least 30 ‘minutes, three or 
more times each week before conception and who were 
delivered at term (>266 and <294 days) after contin- 
uing their chosen form of exercise at or above 50% 
of the preconceptional level throughout pregnancy. 
These women constituted the exercise group. Exercise 
performance was quantitated before and during preg- 
nancy by measuring heart rate and the duration of 
exercise daily during field exercise. These data, cou- 
pled with the periodic laboratory evaluation, were used 
to quantitate weekly and monthly exercise performance 
by means of the training effect method and were ex- 
pressed as a duration-intensity index (product of 
weekly duration and average weekly intensity)." 

We also enrolled and monitored a control group of 
55 physically active, fit women who did not plan to 
maintain a continuous, high-intensity exercise regimen 
after confirmation of pregnancy (first trimester). They 
were matched with the exercise group for general 
health, physical fitness, education, family income, age, 
parity, contraceptive use, pregravid weight, job type, 
dietary intake, sleep-activity cycles, smoking, and al- 
cohol intake. Before pregnancy these women either 
ran, performed aerobics, or played racquet sports on 
a more intermittent basis than those in the exercise 
group and their exercise performance was monitored 
in a similar fashion. 

All pregnancies included in the analysis were clini- 
cally normal, each subject had between 11 and 14 an- 
tenatal visits with a private obstetrician, and all were 
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delivered at term. An additional 33 subjects who were 
initially enrolled in the project before conception and 
who were excluded from this analysis included 22 cases 
of either infertility or abortion (9 control, 13 exercise), 
three cases of mild pregnancy-induced hypertension 
(two control, one exercise), and seven cases in which 
labor began before 266 days’ gestation (four exercise, 
three control). Written informed consent was obtained 
from each subject before enrollment. Pregnancies were 
confirmed within a week of missed menses (by B- 
subunit human chorionic gonadotropin) and the dates 
were confirmed by ultrasonographic examination at 53 
to 60 days after the last menstrual period. The rela- 
tionship between exercise intensity and heart rate was 
determined before conception and every 6 to 8 weeks 
during pregnancy by measuring heart rate and oxy- 
gen consumption during either treadmill exercise or 
aerobics. A crude estimate of historic dietary intake 
(kilocalories and component mix! was obtained by ques- 
tionnaire at the time of initial preconceptional evalua- 
tion. At each testing session during pregnancy, all sub- 
jects were questioned to determine if there had been a 
significant change in the quantity or quality of their diet. 

Neonatal and placental morphometric measures were 
obtained within 2 hours of birth by one of two individ- 
uals. After the infant had been carefully dried, weight 
was determined by the nearest 10 gm with an accurately 
calibrated balance beam or electronic scale. The mea- 
surement of crown-heel length to the nearest millime- 
ter was carefully standardized by use of:a specially 
constructed measurement box and the tonic neck re- 
flex." This technique had a coefficient of variation of 
<l% and, on the basis of a‘comparison with the val- 
ues charted by the nurses, resulted in a shorter (2% to 
5%) length than that obtained with the routine clinical 
method. Circumferential measurements of the head, 
chest, and abdomen were obtained to the nearest mil- 
limeter with a narrow flexible tape used in the recom- 
mended fashion." The coefficient of variation of each 
measurement was <3%. Triceps and subscapular skin- 
fold thicknesses were measured on the right side with 
John Bull calipers and had coefficients of variation un- 
der 6%. Ponderal index was calculated as birth weight 
in grams X 100 divided by the cube of the crown-heel 
length in centimeters. 

These morphometric data were referenced to nor- 
mative values for birth weight, crown-heel length, pon- 
deral index, circumferences, and skin-fold thicknesses 
established in a random sample (n = 335) of our over- 
all term newborn populace to determine percentiles. 
(These normative data are being submitted separately 
for publication and therefore are not detailed here.) 
The neonatal sample was obtained over a 24-year pe- 
riod by use of random grab sampling throughout. With 
birth weight used as the objective criterion, the sample 


Volume 163 
Number 6, Part ] 


Table II. Additional maternal characteristics 


Parameter 


Age (yr) 

Pregravid weight (kg) 

Weight gain (kg) 

Parity 

Gestational age (days) 

Smoking (No. of cigarettes/day) 

Alcohol intake (No. of alcoholic drinks/wk) 
Hematocrit before pregnancy (%) 
Hematocrit at 36 wk (%) — 

Blood glucose (mmol/L) 
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Sica 

30.1 + 3.3 30.6 + 2.5 NS 

- 58.1 + 5.9 57.7 + 5.2 NS 
16.4 + 4.2 13.5 + 4.2 0.01 
0.63 + 0.75 0.59 + 0.59 NS 
+ 6 279 + 6 NS 

0 0 NS 
0.32 + 0.45 0.29 + 0.38 NS 
42.3 + 1.6 41.9 + 1.8 NS 
38.2 + 1.9 37.6 + 1.5 l NS 
4.88 + 0.61 4.83 + 0.70 NS 


Data presented as mean + SD. Alcohol intake is the average number of mixed drinks, glasses of wine, or cans of beer each 
week during pregnancy. Blood glucose was measured on whole blood at approximately 36 weeks’ gestation on a random post- 


prandial sample obtained at standing rest. 


was normally distributed and statistically no different 
from that of all term infants born at the institution. 
The skin-fold percentile was used to estimate body 
fat, which had been determined with the original 
Dauncy method and formula in the reference popu- 
lace." Within that populace the r value between skin- 
fold thicknesses and calculated percent body fat was 
0.95. 

After gross inspection and removal of surface clot, 
cord, and membranes, each placenta was blotted and 
weighed to the nearest 5 gm. Its volume was deter- 
mined to the nearest 5 ml by saline solution displace- 
ment and its chorionic surface area was measured to 
the nearest square centimeter by planimetry.” 

Significant between-group differences for normally 
distributed parameters were detected with the un- 
paired Student’s ¿ test. Other parameters were as- 
sessed with the Wilcoxon—Mann-Whitney test. Single 
and multiple regression analysis was used to seek a 
dose-response relationship between exercise perfor- 
mance and morphometric outcome. Significance was 
set at the 0.05 level. 


Results 


Maternal characteristics. In both groups the sub- 
jects were all from the middle or upper socioeconomic 


class and worked part-time or full-time. All ate a well- 


balanced, high-complex-carbohydrate diet with ade- 
quate calories and had similar rest-activity patterns be- 
fore conception. As shown in Table I, before concep- 
tion all women in both groups were fit as assessed by 
morning pulse rate, maximal oxygen consumption, and 
percent body fat. There were no significant between- 
group differences in these parameters before concep- 
tion. In this study populace these specific measure- 
ments were not routinely repeated during pregnancy. 

Several additional maternal obstetric and demo- 
graphic characteristics known to influence birth weight 
are listed in Table II. Data on maternal hematocrit 
and random postprandial resting blood glucose level in 


late pregnancy are also included. The only significant 
between-group difference was pregnancy weight gain, 
which was 2.9 kg less in the exercise group. As the 
women who performed aerobics experienced only a 
minimal decrease in weight gain (overall weight gain 
15.3 + 4.1 kg), the difference was mainly due to a de- 
crease in pregnancy weight gain in the runners (overall 
weight gain 12.1 + 3.7 kg). On the basis of subjective 
recall data, these differences in weight gain did not ap- 
pear to be due to a different pattern of change in di- 
etary intake or in the amount of dietary intake at any 
point in time in the two groups, which were roughly 
equivalent over the course of pregnancy. 

Maternal exercise performance. Before conception, 
running performance ranged between 16 and 68 km 
each week at a pace between 4.3 and 6 min/km and an 
intensity ranging between 51% and 83% of maximum. 
The average weekly duration-intensity index for the 
runners was 14,860 + 353 (mean + SD). During preg- 
nancy, individual performance was quite variable but, 
as a group, overall running performance fell progres- 
sively until the sixth lunar month and then stabilized 
for the remainder of the pregnancy. Individual per- 
formance ranged between 50% and 109% of precon- 
ceptional levels for the entire pregnancy with an av- 
erage of 69% + 16%. In the last five lunar months it 
averaged 65% + 18% of preconceptional levels with 
individual performances ranging between 50% and 
122%. 

Before pregnancy, participation in aerobics ranged 
between 3 and 11 sessions per week with a median of 
4. Exercise intensity during warm-up and cool-down 
ranged between 20% and 40% of maximum and 54% 
to 90% of maximum capacity during the 25- to 30- 
minute so-called “aerobic” phase of the workout. The 
average duration-intensity index of 12,372 + 311 was 
slightly less than that seen in the runners. During preg- 
nancy the pattern of overall aerobic performance was 
similar to that seen with running, and individual vari- 
ation was again the rule rather than the exception. In- 
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Table III. Effect of exercise on neonatal morphometrics 


Birth weight (gm) 3691 + 348 3381 + 322 0.01 
Birth weight percentile 05 £19 45 + 22 0.01 
Length (cm) BLS + 1.5 51.4413 NS 
Ponderal index 2.71 + 0.18 2.47 + 0.21 0.01 
Ponderal index percentile 63 + 25 35: 22 0.01 
Head circumference (cm) 35.2: fl 35.0 + 1.0 NS 
Placental weight (gm) 456 + 83 449 + 66 NS 
Fetoplacental weight ratio 8.28 + 1.34 7.61 + 1.10 0.05 
Data presented as méan + SD. Length = crown-heel length. 
Table IV. Effect of exercise type on neonatal morphometrics 
Former Signin 
Birth weight (gm) 3301 + 267 3481 + 357 NS 
Birth weight percentile 43 + 20 48 + 24 NS 
Length (cm) 51 14 S17 2 11 NS 
Ponderal index 2.46 + 0.19 2.51 = 0.24 NS 
Ponderal index percentile Jilt 22 36 + 23 NS 
Head circumference (cm) 34.8 + 0.8 35.3 + 1.1 NS 
Placental weight (gm) 461 + 68 431 + 63 NS 
Fetoplacental weight ratio 7.16 + 0.87 8.16 + 1.06 0.01 


Data presented as mean + SD. Length = crown-heel length. 


dividual performance ranged between 50% and 98% 
of preconceptional levels for the entire pregnancy with 
a group average of 67% + 13%. In the last five lunar 
months it averaged 64% + 13% of preconceptional val- 
ues with individual performance ranging between 50% 
and 92%. 


Before pregnancy the control women ran, per-. 


formed aerobics, or participated in racquet sports 
intermittently at a frequency that ranged between 
two and eight times per month. The preconceptional 
duration-intensity index averaged 2936 + 284 with the 
highest individual value being 6440. During pregnancy 
the majority stopped exercise completely before or 
shortly after confirmation of viability (n = 37), while 
the remainder continued to play racquet sports infre- 
quently (once a week or less). In the latter, the weekly 
duration-intensity index ranged between 0 and 1550 
after the end of the first trimester, with only three sub- 
jects consistently exceeding a weekly duration-intensity 
index of 1000 for >1 week each month. 

Neonatal morphometrics. These data are detailed 
by group and subgroup in Tables III to V. Note 
that, whereas length, head circumference and placental 
weight were similar in the two groups, birth weight, 
birth weight percentile, ponderal index, its percentile, 
and the fetoplacental weight ratio all were decreased 
in the offspring of the women who continued to ex- 
ercise throughout pregnancy. These differences are 
consistent with a pattern of brain-sparing, soft-tissue 
growth restriction, or so-called late-onset intrauterine 
growth restriction,’® and appear more marked in the 


offspring of the runners than in the offspring of those 
who performed aerobics (Table IV). 

The higher head circumference/abdominal circum- 
ference ratio and the lesser skin-fold thickness in the 
offspring of the exercising women (Table V) also are 
consistent with this pattern of intrauterine growth re- 
striction and suggest that a large fraction of the dif- 
ference in birth weight may simply be a reduction in 
fat mass in the offspring of the exercising women. Lin- 
ear regression of estimated fat mass and birth weight 
supports this suggestion. There is a strong, direct re- 
lationship between fat mass (calculated from skin folds) 
and birth weight in the entire populace (r = 0.8050), 
such that the weight of neonatal fat explains approxt- 
mately 65% of the variability in birth weight over a birth 
weight range between 2780 and 4120 gm. Indeed, dif- 
ferences in calculated body fat explain >70% of the 
difference in birth weight between the control infants 
and those of the women who continued to exercise 
throughout pregnancy. In the aerobics subgroup it 
explains 99% of the difference and in the running 
subgroup 60% (Table V). 

Neonatal course. No infants in either group had an 
abnormal Dextrostix screening and, despite the differ- 
ences in fat mass, only one infant in each group hada 
rectal temperature <36.0° C in the immediate neonatal 
period. Hematocrits were not routinely obtained and 
all infants left the hospital within 72 hours of birth. 

Correlation between exercise performance and 
birth weight. As detailed in Table VI, there was no 
correlation between exercise performance before con- 
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Table V. Indices of soft tissue growth restriction 


Parameter 


Head circumference/abdominal circum- 
ference ratio 

Skin foilds* (mm) 

Skin-fold percentile 

Calculated body fat (%) 

Calculated fat mass (gm) 

Calculated lean mass (mean) (gm) 





Data presented as mean + SD. 
*Sum of triceps and subscapular thickness. 


ception and birth weight. The same was true for the 
absolute amount of exercise performed during any 
portion or all of pregnancy in the women who contin- 
ued to exercise regularly, with the highest R? being 
0.0032. However, when exercise performance during 
pregnancy was expressed as a percentage of that per- 
formed before conception, there was a significant but 
weak linear correlation between the overall relative 
level of exercise performance during pregnancy and 
birth weight. The correlation improved when it was 
corrected for the stage of pregnancy in which the ex- 
ercise was performed and exercise type, indicating that 
exercise in late pregnancy and running had the most 
significant quantitative effects. Thus the relative level 
of exercise performance in the latter half of pregnancy 
explained approximately 40% of the variance in the 
birth weight of runner’s offspring over an 1100 gm 
birth weight range. Additional least-squares analysis 
with the use of a power function fit improved this cor- 
relation slightly (R? = 0.4437). In contrast, although 
the offspring in the aerobics group were >200 gm 
lighter than the control infants, neither the absolute 
level nor the relative level of aerobic exercise per- 
formance during pregnancy correlated with the birth 
weight of the offspring. 

Additional correlates with birth weight. Multiple 
potential confounding variables were also assessed for 
a possible association with birth weight. Significant cor- 
relations included placental weight (R° = 0.0654) and 
pregnancy weight gain (R? = 0.2677) for the entire 
populace. In the exercise group these correlations im- 
proved to R? = 0.1106 and R? = 0.4356 for placental 
weight and pregnancy weight gain, respectively. Ad- 
ditional potential confounding variables either were 
uniform within the populace (gestational age, smok- 
ing, socioeconomic and nutritional status) or had an 
R? < 0.03 when examined individually (preconcep- 
tional weight, height, parity, and sex of offspring). 
Therefore multiple regression analysis for factors in- 
fluencing birth weight was limited to three indepen- 
dent variables in the running subgroup: relative ex- 
ercise performance for the last 5 months of pregnancy, 
placental weight, and pregnancy weight gain. 
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Se 
1.06 + 0.05 1.13 + 0.05 0.05 
11.8 + 2.1 932 lö 0.01 
58 + 25 98 + 20 0.01 
16.2 + 4.9 11.2 +3.) 0.01 
603 + 23] 389 + 136 0.01 
3088 3000 


Table VI. Correlations between exercise and 


birth weight 


Exercise variable 


Overall performance PTP Both or either type 0.0002 
Overall performance TP Both types 0.0675 
Overall performance TP Running 0.3567 
Overall performance TP Aerobics 0.0010 
Performance early preg. Both types 0.0494 
Performance early preg. Running 0.2174 
Performance late preg. Both types 0.1164 
Performance late preg. Running 0.4034 
Performance late preg. Aerobics 0.0027 


Overall performance PTP, Average duration-intensity index 
before conception; Overall performance TP, average duration- 
intensity index during the total pregnancy divided by the av- 
erage duration-intensity before conception; Performance early 
preg., average duration-intensity index for the first five lunar 
months of pregnancy divided by the average duration- 
intensity before conception; Performance late preg., average 
duration-intensity index for the last five lunar months of preg- 
nancy divided by the average duration-intensity before con- 
ception. 


Table VII. Fetoplacental weight ratios 


Placental weight range (gm) Exercise ratio 


<400 9.75 + 1.07 9.08 + 0.74* 
400-450 8.87 + 0.88 7.76 + 0.66* 
451-500 7.54+ 0.62 7.36 + 0.43* 

>501 7.32 + 0.60 6.45 + 0.44* 





Data presented as mean + SD. 
*p < 0.05. 


The addition of placental weight and pregnancy 
weight gain to the analysis explained only an additional 
5% of the variance in birth weight (R? = 0.4493), sug- 
gesting that there were discrete associations between 
the three independent variables. The multiple corre- 
lation coefficients between birth weight and either 
placental weight combined with relative exercise per- 
formance or weight gain and relative exercise perfor- 
mance were similar (r values of 0.6341 and 0.6411, re- 
spectively), confirming that both placental weight and 
maternal weight gain, like birth weight, were indepen- 
dently related to running performance in the last 5 
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months of pregnancy. This was further substantiated 
by the correlations obtained between relative exercise 
performance over the latter half of pregnancy and both 
placental weight (r = — 0.3841) and pregnancy weight 
gain (r = — 0.5881). Thus in the running subgroup any 
birth weight effect of placental weight or pregnancy 
weight gain appeared to be due to the impact of run- 
ning performance on each of them. 

Exercise and the fetoplacental weight ratio. Al- 


though placental weight was similar in the two groups, ` 


the fetoplacental weight ratio was significantly de- 
creased in the exercise group (Table II), suggesting that 
fetal growth per unit weight of placenta was restricted 
by exercise. To explore this possibility we calculated the 
fetoplacental weight ratio by placental weight in 50 gm 
increments. These data, shown in Table VII, demon- 
strate that the ratio is significantly decreased in the 
exercise group in all four weight groups. Linear regres- 
sion of these data indicate that the slope of the rela- 
tionship is similar in the two groups but that the inter- 
cept is reduced in the exercise group. As a result the 
average between-group difference in birth weight with 
placental weights between 300 and 600 gm averages 75 
gm per 100 gm of placental weight. 


Comment 


At the outset it should be emphasized that these data 
were gathered from a select group of well-conditioned 
recreational athletes who had been performing two spe- 
cific types of exercise on a regular basis for at least 2 
years before conception and a simular select group of 
controls. Thus extrapolation of these findings to other 
groups of women and/or other exercise regimens is 
not warranted. With this limitation, these data strongly 
support the initial hypothesis, namely, that fetal growth 
is restricted when a regular running or aerobics pro- 
gram is maintained >50% of preconceptional levels 
during pregnancy. They also confirm the directional 
birth weight effect observed in earlier studies with run- 
ners and aerobic dancers in which an attempt was made 
to quantify exercise performance during pregnancy.” * 

It is possible but unlikely that the differences in birth 
weight were due to differences in fitness between the 
two groups. First, while the control women spent much 
less time in exercise before conception, their level of 
fitness, as assessed by body composition, AM pulse rate, 
and maximum oxygen consumption, was not signifi- 
cantly different from that of the women who consti- 
tuted the exercise group. Second, several studies that 
have assessed the effects of an exercise regimen on 
both fitness and birth weight have noted that fitness 
had either no effect or a positive effect on birth 
weight.” * '° Third, as discussed in an earlier publica- 
tion, others have noted a positive correlation between 
one measure of fitness during pregnancy, work capac- 
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ity, and birth weight.' Finally, although not actually 
measured in the present study, the women who con- 
tinued to exercise throughout pregnancy were proba- 
bly more fit at the time of delivery and, if fitness were 
the important variable, they should have had heavier, 
not lighter, infants as compared with the control pop- 
ulace. 

As discussed elsewhere,’* the effect of caloric quality 
and quantity on birth weight is well known, but in the 
human, even with heavy physical activity, it appears to 
have a restrictive effect only when caloric intake is se- 
verely curtailed, and this is always associated with poor 
maternal weight gain.’ * As the subjects in both groups 
experienced adequate weight gain (control, 16.4 kg; 
exercise, 13.5 kg) and by history followed diets of com- 
parable quality, it is unlikely that dietary intake per se 
had a direct effect on the morphometric outcome. 


The additional morphometric parameters indicate 
that the growth restriction appears limited to soft tissue 
and for the most part appears to be limited to a re- 
striction of fat deposition, which is reassuring from a 
public health point of view. Further studies of body 
composition in similar infants with the use of more 
sophisticated technology (total body electrical conduc- 
tivity) are planned to confirm these findings as are long 
term follow-up studies to determine if the decrease in 
fat mass at birth is maintained later in life. If so, this 
effect of regular exercise in pregnancy may have pre- 
ventive value in terms of the risk of obesity in later life. 

The data also demonstrate that different types of 
exercise and the time in pregnancy when the exercise 
is performed have different effects on neonatal mor- 
phometry and perhaps on other indices of pregnancy 
outcome. This is entirely consistent with the variable 
effects of exercise on various facets of pregnancy out- 
come reported with different exercise regimens to 
date,''*'' and indicates that each type of exercise and 
exercise regimen needs to be separately evaluated. The 
fact that a dose-response effect could be demonstrated 
with running and not with aerobics is a good example 
of this and requires clarification. However, the data ob- 
tained to date suggest that the two types of exercise 
may evoke different overall maternal physiological re- 
sponses that may be related to the limited duration and 
variable intensity of aerobics versus running.'? The ob- 
served reduction in neonatal fat mass with both forms 
of exercise is entirely consistent with a late pregnancy 
effect. Additional studies with exercise limited to either 
early or late pregnancy are needed to confirm this time- 
specific effect. 

The finding of a consistent decrease in the fetopla- 
cental weight ratio over more than a 250 gm placental 
weight range is of interest as it is quite different from 
that seen in a variety of animal mcdels used to study fe- 
tal growth restriction.’® In the animal model the ratio 
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is unchanged with mild and moderate degrees of re- 
striction and increases with extreme growth restriction. 
Thus the decreased ratio associated with endurance ex- 
ercise in the human may be indicative of a unique pro- 
tective placental adaptation to the stimulus of recurrent 
fluctuations in uterine blood flow and/or substrate de- 
livery. In any case it indicates that further study is war- 
ranted and must be conducted in the human. 

In summary, the data obtained in this serial study 
of a relatively uniform, well-conditioned group of wo- 
men support the initial hypothesis. In this populace 
they indicate that continuing aerobic and/or running 
regimens at or above a minimum training level in the 
latter half of pregnancy has a defined impact on fetal 
growth that is evidenced at birth by a reduction in birth 
weight that is primarily due to a reduction in neonatal 
fat mass. They also confirm that the interaction between 
the physiologic adaptations to exercise and the physi- 
ologic adaptations to pregnancy are multifaceted and 
warrant further study. 
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Does fasting interval affect the glucose challenge test? 


Michael D. Berkus, MD,* Michael P. Stern, MD,” Braxton D. Mitchell, PhD, 
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The relationship between fasting interval and glucose screening was assessed in a prospective study of 
153 non-diabetic pregnant patients undergoing a standard 50g glucose challenge test. An interval of less 
than 3 hours after the last meal was found to be associated with a significantly greater insulin response as 
opposed to a fasting interval of mora than 3 hours (121.3 pmol/l vs. 83.5 pmol/l, p < .001) and a greater 
insulin/glucose index (0.92 vs. 0.66, p < .001), with no difference in plasma glucose. Overall, obese 
patients had a higher glucose response than non-obese, but only higher insulin levels (107 pmol/I vs. 69 
pmol/l, p < .001) and insulin/glucose index (0.79 vs. 0.59, p < .02) when the fasting interval was greater 
than 3 hours. Our data suggest that the fasting interval can influence insulin response during a glucose 
challenge test and the aberration in insulin secretion may effect screening results, especially in the 
high-risk gravida with glucose abnormality. (Am J OssteT GynecoL 1990;163:1812-7.) 


Key words: Gestational diabetes, glucose screening, fasting interval, insulin, obesity 


The American College of Obstetrics and Gynecolo- 
gists Technical Bulletin recommended that a 50 gm oral 
glucose screening should be performed on all pregnant 
- women 30 years of age or older, and on any women 
with risk factors such as a family history of diabetes or 
obesity. This screening should be performed between 
24 and 28 weeks of gestation “without regard to time 
of last meal or time of day” and if the plasma glucose 
level measured 1 hour after the 50 gm load exceeds 
140 mg/dl, a 3-hour oral glucose tolerance test should 
be administered.’ Although extensive research has 
been performed regarding methods of glucose screen- 
ing to determine the best threshold for identifying pa- 
tients at risk for gestational diabetes,** a paucity of in- 
formation exists as to the influence of a fasting or fed 
state on screening values,’ and no study has examined 
the influence of fasting interval on insulin response to 
a glucose challenge test. 

Previously, in the report of Coustan et al., it was 
found that the glucose response was significantly higher 
if patients with gestational diabetes had fasted than if 
they had been given a standard 600 kcal meal 1 hour 
before testing. They had hypothesized that the screen- 
ing test value was lower in the fed state because previous 
ingestion of a mixed meal dampened the usual state of 
insulin resistance observed in fasting pregnant women.” 
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They did not measure insulin levels in that study to 
confirm their hypothesis. The screening of pregnant 
patients after a standard meal may not be applicable to 
tests administered after the ingestion of unknown food- 
stuffs. Additionally, a 1-hour time interval may not be 
representative of other time intervals. Of significance 
is that examination of nonpregnant women with type 
II diabetes has shown an effect of protein loading on 
plasma glucose response to a 50 gm screening test after 
4 hours and no significant effect at 1 hour. Also, the 
insulin response after a mixed loading was much 
greater than after a 50 gm glucose challenge alone.’ 
Finally, Cheney et al.” have shown that obese women 
with gestational diabetes manifest higher glucose and 
insulin values after a 400 kcal breakfast meal, as com- 
pared with nonobese patients with gestational diabetes. 

Thus it seems that pregnant patients with gestational 
diabetes respond to a glucose challenge test differently 
whether they are in the fasting or fed state and that 
this response is further modified by maternal size. How- 
ever, it is not clear in subjects with an elevated screening 
result but a normal oral glucose tolerance test result to 


_ what extend insulin resistance plays a role in insulin 


response. Furthermore, there is no information re- 
garding the relationship of fasting interval and obesity 
with glucose and insulin secretion when only the glu- 
cose challenge test result is abnormal. 

Since the recommendation is to screen patients with . 
a glucose challenge test without regard to timing or 
content of the last caloric intake, we chose to study. 
mothers under this guideline’ to discern the impact on 
screening results. Thus the purpose of this study was 
to examine the effect of fasting interval on glucose and 
insulin response to a glucose challenge test, to ascertain 
the influence of obesity and fasting interval on screen- 
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Table I. Analysis of variance of hourly fasting intervals 


Fasting interval 
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Glucose Insulin 
(hr) n (mg/dl) (pmol/L) index 


0-1 -20 118 + 28 
1-2 24 123 + 24 
2-3 25 120 + 27 
>3 84 120 + 23 
(F = 0.168) 


Insulini glucose 

‘129 + 82* 1.04 + 0.6t 
114 + 65* 0.89 + 0.34 
lll + 91* 0.85 + 0.57 
80 + 51 0.65 + 0.4 
(F = 4,28) (F = 5.47) 


*0 to I hour, 1 to 2 hours, or 2 to 3 hours versus > 3 hours, p < 0.04. 
t0 to 1 hour, 1 to 2 hours, or 2 to 3 hours versus > 3 hours, p < 0.05. 


ing results, and to determine whether alterations in 
glucose and insulin secretion seen in women with ges- 
tational diabetes are present with minor degrees of glu- 
cose abnormality. 


Material and methods 


Nonhypertensive pregnant women were recruited 
from the obstetrics clinic of The University of Texas 
Health Science Center at San Antonio (UTHSCSA) and 
from other San Antonio~area clinics. The subjects were 
between 24 and 28 weeks of gestation or late registrants 
after 28 weeks and were not receiving insulin at the 
time of the study. The subjects included presumed nor- 
mal pregnant women about to undergo a routine 50 
gm glucose screening for gestational diabetes. Patients 
were enrolled without regard to their fasting state on 
an availability basis. The study was approved by the 
Institutional Review Board of the UTHSCSA and all 
subjects gave informed consent. 

Body mass index was calculated as weight (in kilo- 
grams) divided by height (in meters) squared. For the 
purpose of analysis patients were considered to be 
obese if their body mass index was 227. Patients’ glu- 
cose screening results were considered to be normal if 
the values were <140 mg/dl, to be abnormal if the 
values were =140 mg/dl, and to have gestational dia- 
betes when two values on the oral glucose tolerance test 
were abnormal. Those: mothers with gestational dia- 
betes were excluded from the analysis. The patients 
were asked the number of hours since they had last 
eaten or drunk liquids other than water to determine 
the fasting time—to—screening interval. This value was 
then used as the fasting interval for the study. All test- 
ing was completed during morning clinics. | 

‘Blood samples were drawn 1 hour after a 50 gm load 
of a glucose equivalent (Koladex or Orangedex, Cus- 
tom Laboratories, Baltimore) was administered. Plasma 
glucose level was determined with the use of the glucose 
oxidase method measured with a Paramax chemistry 
analyzer (American Dade Chemical Systems, Irvine, 
Calif.). Serum insulin concentrations were measured 
with a commercial solid-phase radioimmunoassay pro- 
cedure (Diagnostic Products, Los Angeles). The coef- 
ficient of variation between duplicate aliquots measured 


at the same time was 8.1% for the l-hour concentrations 
of insulin.’ The insulin/glucose index was calculated to 
adjust for differing glucose levels. 

Data analysis included bivariate and multivariate sta- 
tistical techniques with parametric and nonparametric 
tests. Categoric data were analyzed with x° and Fisher’s 
exact tests. Continuous data were analyzed by Student’s 
t test. One-way analysis of variance was used to compare 
different fasting intervals. 


Results 


A total of 163 patients participated in this prospective 
study. There were 119 women with a normal glucose 
screen (<140 mg/dl) and 44 with a glucose value =140 
mg/dl. Of the 45 subjects with an abnormal screen, 10 
had two abnormal values on the oral glucose tolerance 
test and were excluded from the analysis; this resulted 
in a total of 153 patients for evaluation. 

Examination of fasting intervals of all subjects 
by means of analysis of variance for hourly group- 
ings yielded significant differences for insulin and 
insulin/glucose index levels but not for plasma glucose 
values (F = 4.28, 5.47, and 0.16, respectively) (Ta- 
ble I). Subsequent post hoc ¢ tests between hourly mean 
insulin response values yielded significantly greater val- 
ues between 0 and 1 hour, 1 and 2 hours, and 2 and 
3 hours and intervals >3 hours but no differences be- 
tween intervals of 0 to 1 hour, 1 to 2 hours, or 2 to 3 
hours. Therefore for the purpose of analysis the pa- 
tients were stratified into two groups by a fasting 
interval of 0 to 3 hours, representing the “fed” 
patients, and =3 hours, representing “fasting” pa- 
tients. 

' As shown in Table I], there were no significant de- 
mographic differences between groups, i.e., the “fed” 
group that ate within 3 hours of the test and the “fast- 
ing” group that had eaten 3 to 20 hours before being 
screened. All the patients were from the routine ob- 
stetrics clinic and were of similar age, parity, racial com- 
position, gestational age, incidence of obesity, incidence 
of abnormal screening results, and plasma glucose 
level. Notably, both insulin level and the insulin/ glucose 
index were significantly elevated in the “fed” group (<3 
hours). The differences in insulin response were due 
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Table II. Patient characteristics and effect of 3-hour fasting interval 


“Fed” (mean = 1.6 + 0.8 hr) 
{n = 69) 


“Fasting” (mean = 10.9 + 5.0 hr) 





Age (vr) 25.0 +6 
Primiparous (%) 6.5 
Multiparous (%) 38.6 
Hispanic (%) 32.7 
Gestational age (wk) 30.2 + 5 
Obesity (No.) 26 (37.7%) 
Abnormal screen (No.) 18 (26.1%) 
Glucose (mg/dl) 120 + 26 
Insulin (pmol/L) 117 + 79 
Insulin/glucose index 0.92 + 0.5 


{n = 84) 
23.6 + 5 NS 
3.9 NS 
El NS 
39.9 NS 
29.6 + 6 NS 
29 (34.9%) NS 
16 (19.0%) NS 
120 + 23 NS 
84 + 63 0.005 
0.70 + 0.5 0.009 


Table III. Effect of 3-hour fasting interval on insulin response 


“Fed” “Fasting” 
n (< 3 hr) (> 3 hr; p Value 


Insulin (pmol/L) 


Normal (glucose < 140 mg/dl) 119 

Abnormal (glucose = 140 mg/dl) 34 
Insulin/glucose index 

Normal (glucose < 140 mg/dl) 119 

Abnormal (glucose = 140 mg/dl) 34 


entirely to patients with abnormal glucose screens 
(=140 mg/dl) (Table III). As in insulin response the 
values for the corrected index (insulin/glucose) are sig- 
nificantly greater only for women with an abnormal 
screening. 

Since obesity has been shown to have an influence 
on insulin resistance, the additional effect of obesity on 
glucose and insulin response was analyzed. The glucose 
response was higher for obese patients when the fasting 
interval was >3 hours (Fig. 1). Dividing glucose re- 
sponse for normal and abnormal glucose groups 
yielded significantly elevated values only for the normal 
“fasting” obese group. The insulin response in obese 
patients was greater than in nonobese women but only 
for the “fasting” group (Fig. 2). This was true whether 
the glucose screening was normal (<140 mg/dl) or ab- 
normal. Also, for nonobese or lean patients in the ab- 
normal group, the insulin response was significantly 
more for “fed” lean than “fasting” lean mothers, despite 
the small number of patients in these categories. When 
the insulin/glucose index or ratio was examined, the 
significance pattern was similar; however, the differ- 
ence in the abnormal “fasting” group (glucose =140 
mg/dl) was only marginally significant for obese versus 
lean (0.73 + 0.3 vs 0.53 + 0.2, p = 0.09) (Fig. 3). 


Comment 


A screening test should reliably detect individuals at 
risk for a disease in a safe, inexpensive, and convenient 
manner. The 50 gm oral glucose challenge test has been 
shown to meet these criteria.? Giving the test without 


88 + 43 82 + 66 NS 
198 + 101 94 + 44 0.0006 
0.8 + 0.4 0.7 + 0.4 NS 
1.26 + 0.6 0.6 + 0.3 0.0004 


regard to time of last meal adds to the convenience of 
the test and allows for more rapid assessment when 
necessary in advanced gestation. However, no previous 
studies have attempted to determine the effect, during 
glucose screening, of a variable time interval from the 
last meal on glucose and insulin results. This is the first 
report of the insulin response to a glucose challenge 
under the recommendation of The American College 
of Obstetricians and Gynecologists.’ 

The key findings in this study support the concept 
that the fasting interval can influence insulin response 
during a glucose challenge test and that maternal size 
may further modulate this effect. A fasting interval of 
up to 3 hours was found to be the critical interval in 
this study. Stratifying the data according to these results 
(<3 hours and =3 hours) yielded significant differences 
in insulin but not in glucose response. This difference 
was present only in the abnormal screening group, Le., 
plasma glucose level =140 mg/dl. Obese subjects did 
have higher plasma glucose values than nonobese 
women when “fasting” and also had a greater insulin 
response than lean patients when the fasting interval 
was =3 hours. When the glucose screen was abnormal, 
both obese and nonobese gravid women had decreased 
insulin response =3 hours or more after eating. When 
the screen was normal (glucose <140 mg/dl), only lean 
subjects had a decreased response when “fasting.” 

Thus fasting interval did affect insulin response and 
resistance as reflected by the insulin/ glucose index, and 
obesity further modified the results. The final question 
addressed by the study was to determine whether the 
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Fig. 1. Effect of fasting interval and obesity on glucose response. FED-Obese, Fasting interval <3 
hours and body mass index =27. FED-Lean, Fasting interval <3 hours and body mass index <27, 
FASTING-Obese, Fasting interval =3 hours and body mass index =27. FASTING-Lean, Fasting interval 
=3 hours and body mass index <27. 
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*FASTING-Obese vs. FASTING-Lean, P<,02 *FED-Lean vs. FASTING-Lean, P<.004 
Fig. 2. Effect of fasting interval and obesity on insulin response. FED-Obese, Fasting interval <3 
hours and body mass index 227. FED-Lean, Fasting interval <3 hours and body mass index <27. 
FASTING-Obese, Fasting interval 23 hours and body mass index =27. FASTING-Lean, Fasting interval 
23 hours and body mass index <27. 


glucose and insulin response found in women with ges- 
tational diabetes was present in patients with only minor 
glucose abnormality, i.e., only aberrant results of the 
glucose challenge test (the abnormal group in this 
study). As there were insufficient cases of diabetes in 


our original sample to have the statistical power nec- 
essary for an adequate comparison, data were gathered 
from the current literature for this evaluation. 
Coustan et al. found a significantly lower plasma 
glucose screening value when the 50 gm challenge was 
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Fig. 3. Effect of fasting interval and obesity on insulin/glucose index. FED-Obese, Fasting interval 
<3 hours and body mass index =27. FED-Lean, Fasting interval <3 hours and body mass index 
<27. FASTING-Odese, Fasting interval 23 hours and body mass index =27. FASTING-Lean, Fasting 
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interval =3 hours and body mass index <27. 


administered 1 hour after a standard 600 kcal meal was 
eaten, but this was true only in subjects known to have 
gestational diabetes. They hypothesized that this lower 
value occurred in the “fed” state as compared to the 
“fasting” state because eatng had “dampened” the nor- 
mal insulin resistance. We found the insulin resistance, 
as reflected by the insulin/glucose ration, to be in- 
creased in the “fed” mothers in our abnormal group, 
but there was no difference in the glucose response of 
“fed” versus “fasting” gravid women. Thus patients 
with only an abnormal glucose challenge test behaved 
similarly to the “presumed normal” patients in the 
study of Coustan et al., i.e., with no difference in glu- 
cose response, but they had increased insulin values 
probably because of the protein present in their last 
meal. A dampened insulin resistance was not seen; 
rather the “fed” subjects with gestational diabetes most 
likely received stimulation to produce more insulin. 
This lowered the glucose level significantly, but not to 
the level of the normal patients, as reflected by higher 
glucose values {154.8 + 24.1 vs 115.8 + 23.4 gm/dl) 
in that study. | 

In a well-done study by Nuttall et al.° untreated, non- 
pregnant individuals with diabetes were given mixed 
protein and glucose meals. With increasing protein sup- 
plement, they found greater insulin response without 
any increase in glucose level. Clearly, screening soon 
after a mixed meal, including protein, as may have 
occurred in the “fed” group of this study, could explain 
the increased insulin response obtained. This effect of 


protein would necessarily be prolonged in pregnancy, 
as-a result of the increased gastric emptying time, and 
this physiologic phenomenon might explain the 3-hour 
stratification found in this report. 

Cheney et al.’ studied obese and nonobese women 
with gestational diabetes after a standard 400 kcal 
mixed meal. They found significantly increased glucose 
and insulin levels for obese patients with gestational 
diabetes but decreased insulin levels in lean women with 
gestational diabetes when compared with normal sub- 
jects. They concluded that the obese patients with ges- 
tational diabetes had increased insulin resistance, 
whereas the lean patients with gestational diabetes had 
insulin deficiency. Catalano et al.” showed that this re- 
sistance was present even after delivery when obese 
subjects with gestational diabetes were tested with the 
hyperinsulinemic-euglycemic clamp. In our study the 
“fed” patients are similar to the post-mixed-meal pa- 
tients of Cheney et al. In the abnormal group, glucose, 
insulin, and insulin/glucose index (1.e., Insulin resis- 
tance) were increased as compared with values in nor- 
mal gravid women. This was true for both obese and 
lean patients in this group. Thus the lean patients with 
minor glucose abnormalities in our study did not show 
any deficiency in insulin response. 

A number of investigators!" have shown that insulin 
sensitivity declines when an individual becomes obese. 
Ryan et al. demonstrated, by means of euglycemic 
glucose clamp techniques, that nondiabetic pregnant 
patients have increased insulin resistance. over non- 
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pregnant ones, and gestational-onset diabetic women 
have even greater resistance. The findings in this study 
of increased insulin and insulin/glucose index in obese 
patients in the “fasting” group are consistent with these 
findings. The relatively greater increase in insulin re- 
sponse of nanobese patients, when “fed,” seemed to 
overshadow the effect of obesity, even in the group with 
glucose values = 140 mg/dl, where both obese and lean 
patients have increased insulin output. Thus the “fed” 
state increased the insulin response to a greater extent 
than obesity altered insulin resistance in these mothers 
with minimal glucose abnormalities. 

In summary, when compared with patients who un- 
dergo a standard oral 50 gm glucose challenge test after 
a fasting interval of >3 hours, pregnant women who 
have eaten more recently (“fed” women) have a greater 
insulin response if the glucose screening level is =140 
mg/dl, whereas obese subjects have evidence of in- 
creased insulin resistance only when “fasting,” regard- 
less of gluccse level. 
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Relationships between glucose levels and insulin secretion 


during a glucose challenge test 


Michael D. Berkus, MD," Michael P. Stern, MD,” Braxton D. Mitchell, PhD,” 


Aida Abashawl, BS, and Oded Langer, MD* 


San Antonio, Texas 


The relationship between glucose and insulin levels was examined in a prospective study of 153 pregnant 
patients without diabetes who underwent a standard 50 gm glucose challenge test. One hundred eighteen 
women had normal screening results (glucose level <140 mg/dl) and 35 had abnormal screening values 
but a normal oral glucose tolerance test. Abnormal responders had greater insulin levels (149 vs 82 
pmol/L, p < 0.0001), and a higher insulin/glucose index (0.96 vs 0.72, p < 0.007). Patients with glucose 
levels <100 mg/dl had significantly lower insulin/glucose indices. Overall, obese patients had significantly 
greater glucose and insulin measurements than did nonobese women, but there was no difference within 
normal and abnormal groups. Glucose levels accounted for 52% of the insulin output and 29% of the 
insulin/glucose index variance. Neither age, parity, nor obesity contributed significantly to insulin levels in 
the multiple regression model. Therefore the accepted threshold for glucose screening reflects abnormal 
insulin output and this aberration may be indicative of the primary defect in gestational diabetes. (Am J 


Osstet GYNECOL 1990;163:1818-22.) 


Key words: Diabetes screening, minimal glucose abnormality, insulin output 


The concept of screening for gestational diabetes 
with the glucose challenge test is well established.’* In 
addition, there appears to be a positive association be- 
tween the glucose challenge test and glucose profile in 
pregnancy, with a significantly higher profile in the 
abnormal screening group. However, minimal infor- 
mation exists as to the basic endocrinologic significance 
of an abnormal glucose challenge test. 

It has become axiomatic that obesity is associated with 
diabetes as a result of insulin resistance.*® It is this re- 
sistance that may result in both type II diabetes and 
gestational diabetes mellitus. Tissue sensitivity to in- 
sulin has been found to decline by approximately 30% 
to 40% when an individual exceeds 35% to 40% of ideal 
body weight.’ This insulin resistance primarily affects 
muscle and involves both oxidative and nonoxidative 
pathways of glucose disposal. However, the unan- 
swered question remains: What is the effect of obesity 
on insulin secretion in minor degrees of glucose ab- 
normality in pregnancy, reflected by an abnormal glu- 
cose challenge test in the presence of a normal oral 
glucose tolerance test? 
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The purpose of this study was to examine the effect 
of glucose level on insulin output during a glucose chal- 
lenge test, to ascertain the additonal influence of obe- 
sity on this output, and to determine whether alter- 
ations in glucose and insulin values previously reported 
in gestational diabetes® '° are present in cases with only 
minor degrees of glucose abnormality. 


Material and methods 


Nonhypertensive pregnant women were recruited 
from the obstetrics clinic of The University of Texas 
Health Science Center at San Antonio and from other 
San Antonio area clinics. The subjects were between 24 
and 28 weeks’ gestation or late registrants after 28 
weeks and were not receiving insulin at the time of the 
study. The subjects included women with presumed 
normal pregnancies about to undergo screening for 
gestational diabetes. The study was approved by the 
institutional review board of the university and all sub- 
jects gave informed consent. 

Body mass index was calculated as weight (in kilo- 
grams) divided by height (in meters) squared. For the 
purpose of analysis, patients were considered to be 
obese if their body mass index was 227. A patient’s 
glucose screening was considered to be normal if the 
values were <140 mg/dl and abnormal if the values 
were, greater; the patient was considered to have ges- 
tational diabetes mellitus when at least two values on 
the oral glucose tolerance test were abnormal. All test- 
ing was completed during morning clinics. 

Blood samples were drawn 1 hour after a 50 gm load 
of a glucose equivalent (Koladex or Orangedex, Cus- 
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Table I. Patient characteristics by glucose screening level 












Group 1: Normal 
(<140 mg/dl) 
(n = 118) 


Group 2: Abnormal 
(=140 mg/di) 
(n = 35) 









Age 23.8 2°5.7 25.6 + 6.1 NS 
Parity 

Primigravid (%) 12 6 NS 

Multiparous (%) 88 94 NS 
Hispanic (%) 71 80 NS 
Gestational age at screening (wk) 30 + 5 30 + 5 NS 
l hr glucose (mg/dl) 110 + 16 156 + 12 — 
Obesity (%) 33 49 NS 
Insulin (pmoi/L) 81.5 + 48 149.3 + 94 0.0001 
Insulin/glucose index 0.72 + 0.4 0.96 + 0.6 0.007 


tom Laboratories, Baltimore) was administered. Plasma 
glucose was determined by the glucose oxidase method 
and was measured with a Paramax Chemistry Analyzer 
(American Dade Chemical Systems, Irvine, Calif.). Se- 
rum insulin concentrations were measured with a com- 
mercial solid-phase radioimmunoassay procedure (Di- 
agnostic Products, Los Angeles). The coefficient of vari- 
ation between duplicate aliquots measured at the same 
time was 8.1% for the 1-hour concentrations of insu- 
lin.'' The insulin/glucose index was calculated to adjust 
for differing glucose levels. 

Data analysis included bivariate and multivariate sta- 
tistical techniques with parametric and nonparametric 
tests. Categoric data were analyzed with Fisher’s exact 
and x? tests. Continuous data were analyzed by the Stu- 
dent ¢ test. One-way analysis of variance was used to 
compare different levels of glycemia. The association 
between variables was determined by calculating Pear- 
son’s correlation coefficients. 

A stepwise multiple regression was performed to de- 
termine the extent to which the variables contributed 
to insulin secretion. Both tests of significance and the 
magnitude of the relationships, expressed as the vari- 
ance of the dependent variable that could be accounted 
for by the independent variable, were used to report 
regression results. Variables contributing 3% of the to- 
tal variance were considered worthwhile. In all cases, 
the F values were significant at the 0.01 level. 


Results 


A total of 171 patients participated in this prospective 
study. The group consisted of pregnant patients un- 
dergoing a routine 50 gm glucose screening for ges- 
tational diabetes, as outlined by the American College 
of Obstetricians and Gynecologists.’? Patients were en- 
rolled on an availability basis. Missing data were as fol- 
lows: Four patients did not obtain the glucose screening 
and four additional subjects did not have insulin levels 
measured. A total of 163 complete data sets were avail- 
able for analysis. There were 118 women with normal 
glucose screens (<140 mg/dl) and 45 with glucose val- 
ues 2140 mg/dl. Of the 45 subjects with abnormal 


Table II. Analysis of variance of the level of 
glycemia (by screening results) and 
insulin response 


Glucose Insulin Insulin/ glucose 
(mg/dl) (pmol/L) index 
<100 32 46.9 + 33* 0.52 + 0.37 
100-119 47 82.4 + 43} 0.76 + 0.4 
120-139 39 108.8 + 48§ 0.85 + 0.4 
140-159 24 145.1 + 68 0.97 + 0.5 
> 160 l1 158.5 + 137 0.92 + 0.8 


*Insulin: (Glucose <100) versus (Glucose =100)}, p < 0.01. 


tInsulin/glucose index: (Glucose <100) versus (Glucose 
=100), p < 0.02. 

Insulin: (Glucose 100 to 119) versus (Glucose 2120), 
p < 0.04. 

Insulin: (Glucose 120 to 139) versus (Glucose 2140), 
p < 0.02. 


screens, 10 had gestational diabetes mellitus. Those 
women with gestational diabetes mellitus were excluded 
from the analysis. 

There were no significant differences in demo- 
graphic characteristics between the normal and abnor- 
mal glucose groups (Table I). The abnormal respond- 
ers had a greater insulin level, as would be expected; 
in addition, they had significantly greater insulin/glu- 
cose index values. 

Examination of levels of glycemia of all subjects, by 
means of analysis of variance for 20 mg/dl groupings, 
yielded significant differences for insulin (F = 14.22) 
and insulin/glucose index (F = 4.60) (Table II). Sub- 
sequent posthoc ¢ tests between mean insulin values 
showed significantly lower values between each of the 
glucose groupings <140 mg/dl and higher glucose 
levels, but no differences for the groups =140 mg/dl. 
The ¢ tests between mean insulin/glucose index values 
generated significantly lower values for only the group 
of women with glucose values <100 mg/dl. Thus this 
subgroup of low glucose reactors had relative hypoin- 
sulinemia. 

Overall, obese gravid women had significantly 
greater glucose and insulin serum levels than did non- 
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Table III. Association between insulin 
secretion and maternal size 


Nonobese Obese 
(n = 97) (n = 56) | p Value 


Insulin (pmol/L) 87.1+ 60 114.2 + 76 0.02 
Insulin/glucose index 0.72 + 0.4 0.87+0.5 0.053 
Glucose 117 + 24 127 + 25 0.0] 


obese subjects, but only a marginally greater insu- 
lin/glucose index (Table III). Although there were sig- 
nificant differences in insulin levels between groups for 
both obese and nonobese women, obesity had no dif- 
ferential effect on the insulin/glucose index within the 
groups, and only a marginally significant increase in 
glucose and insulin values for women with glucose 
levels <140 mg/dl (Table IV). 

There was a relatively strong association between glu- 
cose and insulin level as determined by Pearson cor- 
relation (r = 0.54, p < 0.0001), and a significant but 
less strong association between glucose and insulin/glu- 
cose index (r = 0.31, p < 0.0001), glucose and body 
mass index (r = 0.21, p < 0.01), and body mass index 
and insulin level (r = 0.17, p < 0.04). There was no 
association between body mass index and insulin/glu- 
cose index. 

Stepwise multiple regression was performed to de- 
termine the relative contribution of glucose, body mass 
index, parity, and age to insulin values. Only the level 
of glycemia had a significant F value, and accounted 
for 52% of the total variance in insulin level and 29% 
of the insulin/glucose index variance. None of the 
other variables, including body mass index, contributed 
significantly to the insulin values in the multiple regres- 
sion model. 


Comment 


The major finding of this study was that patients with 
abnormal glucose screening during a 50 gm glucose 
challenge test had increased insulin output, even after 
adjustment for glucose values. This was true for both 
the normal and abnormal screening groups. There was 
a significantly lower insulin value among subjects with 
screening glucose values <100 mg/dl. The insulin 
levels within the group with values <140 mg/dl were 
otherwise indistinguishable, as were the responses of 
subjects with glucose levels > 140 mg/dl. Furthermore, 
multivariant analysis failed to show any contribution of 
age, parity, or maternal size to the insulin values of 
either group. 

Increased insulin resistance in patients with type II 
diabetes has been shown conclusively by use of insulin- 
clamp techniques.” The same methods have been used 
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to demonstrate increasing resistance in pregnancy: 
nondiabetic pregnant patients have increased resis- 
tance over nonpregnant women, and women with ges- 
tational onset diabetes have even greater impairment." 
Researchers also have found increased insulin resis- 
tance that persisted post partum in obese women with 
gestational diabetes mellitus even when standard mea- 
sures of glucose tolerance were normal.'? Whether 
these differential effects are present during a preg- 
nancy with only minor degrees of glucose abnormality 
has not been addressed. 

The results of this study support the concept that 
there is heightened insulin output in patients with 
abnormal glucose challenge test results over pregnant 
patients with glucose values <140 mg/dl, even if the 
oral glucose tolerance test is normal. The increased 
insulin/glucose index also was consistent with previous 
reports of increased insulin resistance. Bivariate anal- 
ysis yielded only a marginally significant contribution 
of obesity to glucose and insulin measurements. How- 
ever, this relationship was not independent of glucose 
level because multivariate analvsis failed to show any 
additional contribution of maternal size to insulin se- 
cretion or resistance, as evidenced by the insulin/glu- 
cose index in patients with minimal glucose abnormal- 
ity. In addition, there was relative hypoinsulinemia 
among the patients with glucose screening values <100 
mg/dl. In this group, there was significantly less insulin 
measured, even when adjusted for the glucose values. 
This may represent compensatory mechanisms to 
facilitate glucose transfer to the fetus, even in moth- 
ers with low levels of serum glucose. There are recent 
reports that high-risk patients with hypoglycemic- 
hypoinsulinemia are at increased risk for small-for- 
gestational-age infants." 

Although there is evidence thar maternal age is a risk 
factor for gestational diabetes mellitus,” no such as- 
sociation was found in this investigation for patients 
with lesser glucose aberration. Current research has 
shown a slight increase in the risk of noninsulin- 
dependent diabetes mellitus or impaired glucose tol- 
erance with increasing parity many years after child- 
bearing, independent of obesity. Neither of these 
factors contributed significantly to the insulin output 
in this study during pregnancy. Thus there was no 
evidence that these variables had an impact on in- 
sulin levels during the glucose challenge test in women 
with only minor degrees of glucose abnormality, 
with only glucose level remaining as the main deter- 
minant. 

The threshold of 140 mg/dl for glucose abnormality 
in the glucose challenge test ts well established.*** The 
underlying endocrinopathy of that recommendation is 
not so apparent. Our study attempted to uncover the 
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Table IV. Association between maternal size, glucose screening level, and insulin response 


Normal (<140 mg/dl) n= 79 
Insulin (pmol/L) 75.5 + 44 
Insulin/glucose index 0.68 + 0.4 
Glucose (mg/dl) 108 + 16 

Abnormal (2140 mg/dl) n= 18 
Insulin (pmol/L) 138 + 89 
Insulin/ glucose index 0.89 + 0.6 
Glucose (mg/dl) 155: 12 


basis for this threshold and provide a physiologic ra- 
tionale for the choice of such a value. The differential 
insulin production discovered in the abnormal screen- 


ing group, present in even minimal glucose divergence, : 


may offer an explanation. 

Recently it has been proposed by several investigators 
that even “relative hyperglycemia” in nondiabetic sub- 
jects is associated with an increased adverse outcome, 
primarily macrosomia. Tallarigo et al.” found that even 
limited degrees of maternal hyperglycemia were asso- 
ciated with a significant increase in the incidence of 
macrosomia, congenital abnormalities, toxemia, and ce- 
sarean section. Langer et al.'* found that gravid subjects 
with one abnormal value on an oral glucose tolerance 
test had daily glucose profiles comparable to those of 
women with gestational diabetes mellitus, and this pro- 
file was significantly higher than that of normal non- 
diabetic mothers. Moreover, the incidence of macro- 
somia has been found to be significantly greater in pa- 
tients with one abnormal glucose value when compared 
with treated subjects with gestational diabetes mellitus 
(24% vs 6%, 18% vs 6.6%'%). Leikin et al. also de- 
termined that patients with minor abnormalities of car- 


bohydrate metabolism (glucose levels =135 mg/dl on. 


a glucose challenge test) were at increased risk for de- 
livery of a macrosomic infant. 

Therefore it is evident that even minor glucose ab- 
normalities are associated with fetal macrosomia, a clas- 
sic complication related to glycemic level, as proposed 
by the Pedersen theory.” Presumably, patients with 
these abnormalities have elevated insulin levels and 
probably increased insulin resistance. However, it has 
not been shown that these subjects have a basic insu- 
linopathy. Our data are consistent with the existence of 
an insulin defect in even minor degrees of glucose de- 
viation. | 

Consequently, this study offers evidence that glucose 
abnormality is a continuum associated with abnormal 
insulin levels .that becomes increasingly evident with 
greater degrees of glucose aberration. Moreover, it ap- 
pears that the current threshold for glucose screening 
does reflect significant differences in insulin output that 
may underlie the basic endocrinopathy of gestational 


p Value 
n = 39 
93.7 + 54 0.056 
0.8 + 0.4 NS 
114 + 16 0.06 
n=17 
161 + 98 NS 
1.02 + 0.6 NS 
158 + 12 NS 


diabetes mellitus. Further research is needed to sub- 
stantiate these observations. 
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Effect of low-dose oral contraceptives on carbohydrate and 
lipid metabolism in women with recent gestational diabetes: 


Results of a controlled, randomized, prospective study 


Siri L. Kjos, MD, Donna Shoupe, MD, Sylvie Douyan, MD, Richard L. Friedman, MD, 
Gerald S. Bernstein, MD, Jorge H. Mestman, MD, and Daniel R. Mishell, Jr., MD 


Los Angeles, California 


Women with recent gestational diabetes mellitus were randomly assigned to one of two low-dose oral 
contraceptives to evaluate the effect of low-dose oral contraceptives on carbohydrate and lipid metabolism. 
A cohort of similar women requesting a non-oral-contraceptive method served as controls. The two oral 
contraceptives studied were ethinyl estradiol (0.035 mg)—norethindrone (0.40 mg) and ethinyl estradiol 
(0.030 to 0.040 mg)—levonorgestrel (0.050 to 0.125 mg). A 75 gm, 2-hour oral glucose tolerance test and 
a fasting lipid profile (total cholesterol, triglyceride, high- and low-density lipoprotein cholesterols) were 


performed at entry, after 3 months, and after 6 to 13 months of treatment. The prevalence of diabetes at 6 
to 13 months (27/156 patients) was not significantly different between groups (non-ora/-contraceptive 

group, 17%; ethinyl estradio!—norethindrone, 15%; ethinyl estradiol—levonorgestrel, 20%). When examined 
by prior gestational diabetes mellitus class, diabetes mellitus was present in 7% of prior class A, and 29% 
of women with prior class A, disease (p < 0.001). Mean cholestero! and low-density lipoprotein cholesterol 


levels were significantly improved in all three groups at 3 months and at 6 to 13 months, whereas 
triglycerides remained unchanged. There were no differences in cholesterol, low-density lipoprotein 
cholesterol, or triglycerides levels between the groups. After 6 to 13 months, there was a significant 
increase in high-density lipoprotein cholesterol in the ethinyl estradio!—norethindrone group compared with 
the ethinyl estradiol—levonorgestrel and non-oral-contraceptive groups. (Am J OBsTET Gyneco. 1990;163: 


1822-7.) À 


Key words: Gestational diabetes mellitus, low-dose oral contraceptives, lipids, glucose 


tolerance 


Determination of the metabolic effect of oral con- 
traceptives in women with prior gestational diabetes is 
complicated by inherent deterioration in carbohydrate 
tolerance. Within 15 years of the diagnosis of gesta- 
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tional diabetes mellitus, diabetes mellitus will develop 
in more than half of these women, with those who 


required insulin during pregnancy at greatest risk.” 


Earlier reports of high-dose oral contraceptive use in 
women with prior gestational diabetes mellitus show 
marked deterioration in glucose tolerance.** The dose 
and potency of the progestin component of oral con- 
traceptives appear to decrease glucose tolerance, in- 
crease insulin resistance, and adversely affect cho- 
lesterol, whereas estrogen appears to counterbalance 
these changes.** By decreasing both the estrogen and 
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progestin dose, newer low-dose oral contraceptives 
have little or no effect on carbohydrate and lipid me- 
tabolism in healthy women.'*'® Two recent 6-month 
studies address low-dose oral contraceptive use in wo- 
men with prior gestational diabetes mellitus. One study 
shows no change in glucose tolerance, insulin, or lipid 
levels,’”"® whereas the other demonstrates an increase 
in glucose and insulin levels.’° 

This study evaluates the effect of short-term usage 
(6 to 13 months) of two randomly assigned low-dose 
oral contraceptives on carbohydrate and lipid metab- 
olism in postpartum women with recent gestational di- 
abetes mellitus. The metabolic status of these women 
- is compared with that ofa similar cohort of women who 
also had recent gestational diabetes mellitus, but who 
chose form of birth control other than OCs, This study 
design allows the determination of whether postpar- 
tumi deterioration of carbohydrate or lipid metabolism 
is inherently related to the disease process alone or 
whether there is ari additional deleterious effect from 
oral contraceptive use. 


Material and methods 


Subjects. A total of 230 patients were studied. All 
had recent gestational diabetes mellitus diagnosed by 
two or more abnormal values during a 100 gm 3-hour 
oral glucose tolerance test during pregnancy.” Of these 
women, 95% were of Latin American origin or descent. 
Patients were subclassified according to their degree of 
fasting hyperglycemia during pregnancy. Patients with 
class A, disease (N = 124) maintained fasting serum 
glucose levels below 105 mg/dl. Patients with class A, 
disease (N = 106) had at least one fasting serum glu- 
cose level 2105 mg/dl.” Postpartum patients under- 
went entry glucose tolerance testing (mean time from 
delivery to entry test, 49 days). Those patients diag- 
nosed with diabetes mellitus were excluded from study 
entry. Patients desiring oral contraceptives were ran- 
domized to receive either a monophasic preparation 
of 0.40 mg norethindrone and 0.035 mg ethinyl estra- 
diol (Ovcon 35, Mead Johnson, Evansville, Ind.) or a 
triphasic preparation of 0.050 to 0.125 mg levonor- 
gestrel and 0.030 to 0.040 mg ethinyl estradiol (Tri- 
phasil, Wyeth, Philadelphia). These two preparations 
were chosen because they contain the lowest amount 
of the two progestins most commonly used in the 
United States. Patients who chose alternative methods 
were enrolled as non-oral-contraceptive controls with- 
out being randomized. Non-oral-contraceptive meth- 
ods included barrier methods, the intrauterine con- 
traceptive device, and tubal sterilization. All patients 
were counseled to continue the American Diabetes As- 
sociation diet. The study protocol was approved by 
the Research Committee of the Los Angeles County— 
University of Southern California Medical Center. 
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Study design. Metabolic studies, consisting of a 2- 
hour oral glucose tolerance test and a fasting lipid 
profile (cholesterol, triglyceride, low-density lipopro- 
tein cholesterol, and high-density lipoprotein choles- 
terol), were performed at entry, 3 months, and 6 to 13 
months. Pill compliance, weight, and blood pressure 
were recorded at each visit. The diagnosis of diabetes 
mellitus at 3 months constituted a study end point that 
necessitated the discontinuation of oral contraceptives. 
‘These patients were not retested at 6 to 13 months. 

Metabolic studies. After 3 days of a diet that pro- 
vided at least 150 gm/day of carbohydrate, patients 
fasted overnight and then ingested 75 gm of glucose 
over 5 minutes. Blood specimens were obtained by ve- 
nipuncture at —5, +30, +60, +90, and +120 min- 
utes. Specimens were transported on ice for immediate 
separation of serum and cells. Serum was stored at 
— 20° C for subsequent glucose measurement (model 
II glucose analyzer, Beckman Instruments, Fullerton, 
Calif.). Results were interpreted according to the Na- 
tional Diabetes Data Group definitions of diabetes mel- 
litus and impaired glucose tolerance.”® Glucose toler- 
ance between study groups was also evaluated by in- 
tegrating the total area under the glucose tolerance 
curve (gm : min/dl) over the 120-minute oral glucose 
tolerance test. Total cholesterol and triglyceride lev- 
els were measured by procedures that use enzymatic 
hydrolysis and oxidation (Olympus AU5061, Olympus 
Corp., New York). High-density lipoprotein choles- 
terol was determined by procedures using cholesterol 
oxidase, after sodium phosphotungsate precipitation 
of low-density lipoprotein cholesterol and very-low- 
density lipoprotein cholesterol (Beckman CX4). Low- 
density lipoprotein cholesterol was calculated as (Low- 
density lipoprotein cholesterol = Cholesterol — [high- 
density lipoprotein cholesterol + triglyceride/5]).* 

Statistical analysis. Continuous variables (area un- 
der the curve, lipids, weight, etc.) within a study group 
or gestational diabetes mellitus class over time were an- 
alyzed by paired one-sample analysis; differences be- 
tween groups were examined with two-sample analy- 
sis and analysis of variance. Differences between study 
groups or gestational diabetes mellitus classes with re- 
spect to glucose tolerance test status were tested for 
significance by x’, with adjustments for multiple com- 
parisons when appropriate. 


Results 


Table I shows the demographic data comparing the 
study groups at entry. The non-oral-contraceptive pa- 
tients are slightly older, heavier, and of higher par- 
ity. The mean body mass index (calculated as kg/m’) 
is elevated in all three groups; a standard definition 
of overweight was used as body mass index = 27 
kg/m*.® The percentage of the patients with prior class 
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Table I. Entry demographic data according to study birth control methods 


Non-oral-contraceptive 


group (N = 67) 





Age (yr) 3124 
BMI (kg/m?) 31 + 6* 
Parity a2 
Class A» 55% 


Study birth control method 


Ethinyl Ethinyl 
estraciol—norethindrone estradiol—levonorgestrel 
(N = 83) 
2845 29245 
40-5 2525 
2E 2] 
38% 45% 





Data recorded are mean + SD. BMI, Body mass index— Weight/ Height). The non-oral-contraceptive methods included barrier 
methods, intrauterine contraceptive devices, and sterilization. The monophasic preparation consisted of 0.40 mg norethindrone 
and 0.035 mg ethinyl estradiol, and the triphasic preparation consisted of 0.050-0.125 mg levonorgestrel and 0.030 to 0.040 mg 


ethinyl estradiol. l l 
* < 0.05. For all other methods, b = ns. 


Ag gestational diabetes mellitus ts not significantly dif- 
ferent between the groups. The interval in days from 
the delivery data to the 6 to 13 months evaluation for 
each of the study groups was not significantly dif- 
ferent (non-oral-contraceptive, 343 + 120 days; ethi- 
nyl estradiol—norethindrone, 317 + 102 days; ethinyl 
estradiol—levonorgestrel, 346 +149 days). This is im- 
portant because the risk of developing diabetes after a 
pregnancy comphicted by gestational diabetes mellitus 
increases with time after delivery.'? 

No patients had hypertension (=140/90 mm Hg) 
that necessitated discontinuation of oral contraceptives. 
Oral contraceptives were discontinued in four women 
after 3 months of use because of markedly elevated 
triglyceride levels (2500 mg/dl). All four had elevated 
triglyceride levels post partum (2300 mg/dl) that did 
not respond to diet therapy. One hundred fifty-six pa- 
tients completed the testing at 6 to 13 months. Seventy 
women did not complete the study at 6 to 13 months 
because of self-discontinuation of oral contraceptives 
or loss to follow-up, These patients-did not differ sig- 
nificantly in mean age (29 + 5 years), parity (3 + 1), 
body mass index (29 + 5 kg/m), entry area under the 
curve values (16.2 + 4.0 gm - min/dl), or percent com- 
position of prior class A, patients (42%). 

Glucose tolerance. Table IJ shows the mean total 
area under the curve at entry, 3 months, and 6 to 13 
months according to study groups. There was no sig- 
nificant difference in mean area under the curve be- 
tween the three groups at each testing interval (entry, 
3 months, and 6 to 13 months). When the data were 
analyzed within a group as a function of time, there 
was an increase in area under the curve during the 
study period. Paired one-sample analysis showed a sig- 
nificant increase in area under the curve for both oral 
contraceptive groups at 3 months and 6 to 13 months 
when compared with their entry area under the curve 
(p < 0.04). There was a similar, nonsignificant trend 
(p = 0.06) in the non-oral-contraceptive group. This 
analysis of area under the curve omitted the results of 


6 to 13-month testing of patients with the highest 3- 
month area under the curve; women diagnosed with 
diabettes mellitus, as these 14 women (five in non-oral- 
contraceptive group, three in the ethinyl estradiol— 
norethindrone group, and six in the ethinyl estradiol— 
levonorgestrel group), were not retested. 

The clinically more useful method of interpreting 
these findings was to use the glucose tolerance test 
status at 6 to 13 months, including the data of the 
14 women diagnosed as having diabetes mellitus at 3 
months (Table III). The prevalence of impaired glu- 
cose tolerance and diabetes mellitus was not signifi- 
cantly different among the three groups, irrespective 
of oral contraceptive use. In the non-oral-contraceptive 
patients, impaired glucose tolerance and diabetes mel- 
litus each occurred in nine (17%) patients. Impaired 
glucose tolerance and diabetes mellitus were respec- 
tively present in five (11%) and seven (15%) patients in 
the ethinyl estradiol—norethindrone group and in eight 
(14%) and 11 (20%) patients in the ethinyl estradiol— 
levonorgestrel group. The overall prevalence of dia- 
betes was 17% by 6 to 13 months. 

Analysis of the 6- to 13-month oral glucose toler- 


- ance test status by gestational diabetes mellitus classi- 


fication rather than by birth control method showed a 
significant relationship (Table IV). Both impaired glu- 
cosetolerance and diabetes mellitus were significantly 
more prevalent at 6 to 13 months in women with prior 
class A, gestational diabetes mellitus (p = 0.03 and p < 
0.001, respectively). Among women in class A,, 14 of 
73 (19%) had impaired glucose tolerance and 21 (29%) 
had diabetes mellitus, whereas in patients with class A, 
disease, eight of 83 (10%) had impaired glucose tol- 
erance and six (7%) had diabetes mellitus. A difference 
in carbohydrate metabolism between patients with class 
A, and A, disease was also evident at the entry test. In 
patients with prior class A, disease at entry, impaired 
glucose tolerance was found in 23 of 106 (21%) com- 
pared with eight of 124 (6.4%) of patients with prior 
class A, disease (p < 0.001). The entry area under the 
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Table II. Numbers of patients tested at each interval and mean values (+ SD) at testing intervals (at entry, 
after 3 months and after 6 to 13 months) according to study birth control method 


Testing interval 


No. of patients tested 

Non-oral-contraceptive method 67 29 53 

Ethinyl estradiol—norethindrone 80 65 47 

Ethinyl estradiol—levonorgestre] 83 75 56 
Area under curve 

Non-oral-contraceptive method 17.2 4 3.6 19.5 Æ 5.9 18.2 + 4.7* 

Ethinyl estradiol—norethindrone 16.2 + 3.9 17.7 Æ 3.9f 17.8 + 4.2} 

Ethinyl estradiol—levonorgestrel 16.9 + 3.6 18.1 + 4.2} 18.5 + 4.7f 
Total cholesterol 

Non-oral-contraceptive method 229 + 49 202 + 404 199 + 34} 

Ethinyl estradiol—norethindrone 208 + 37 192 + 394 192 + 33 

Ethinyl estradiol—levonorgestrel 217 a7 199 + 344 190 + 33% 
Low-density lipoprotein cholesterol 

Non-oral-contraceptive method 133 + 56 121 + 42$ 120 + 32} 

Ethinyl estradiol—norethindrone 123 + 38 98 + 45§ 105 + 28] 

Ethinyl estradiol—levonorgestrel 129 + 38 111 = 37§ lil + 28] 
High-density lipoprotein cholesterol 

Non-oral-contraceptive method 47 + 13 4449 46 + 10 

Ethinyl estradiol—norethindrone 45 + 11 47 + 13 52 + "IS 

Ethinyl estradiol—levonorgestrel 47 + 12 47 + 12 47 +9 
Triglyceride 

Non-oral-contraceptive method 20] + 144 179 + 120 168 + 109 

Ethiny! estradiol—norethindrone 185 + 89 199 + 105 177 + 70 

Ethinyl estradiol—levonorgestrel 190 + 108 198 + 131 161 + 72 


See Table I for definitions of study groups. The p values denote the statistical significance of changes in measured parameters, 


compared with entry values, within a study group. For all unsymboled values, p = ns. 


*p = 0.06. 
th < 0.04. 
tp < 0.001. 
$p = 0.05. 
lp < 0.01. 


{A significant intergroup difference in high-density lipoprotein cholesterol exists: p = 0.01 versus non-oral-contraceptive and 
ethinyl estradiol—levonorgestrel high-density lipoprotein cholesterol at 6 to 13 months. Other differences between study groups 
within a testing interval are not significant. 


Table III. Prevalence of normal, impaired, and diabetic glucose tolerance after 6 to 13 months of study 
birth control method in women with recent gestational diabetes mellitus 


6-13 mo oral glucose tolerance test status 


Non-oral-contraceptive method (n = 53) 35 (66%) 9 (17%) 9 (17%) 
Ethinyl estradiol~norethindrone (n = 47) 35 (74%) 5 (11%) 7 (15%) 
Ethinyl estradiol—levonorgestrel (n = 56) 37 (66%) 8 (14%) 11 (20%) 
TOTAL 107 (69%) 22 (14%) 27 (17%) 


Study groups are defined in Table I, Numbers in parentheses denote number of women who completed the study, including 
14 women diagnosed with diabetes mellitus after 3 months of study. There are no significant intergroup differences in prevalence 


of glucose tolerance test status {p = 0.48). 


curve of women with prior class A, gestational diabetes 
mellitus was correspondingly higher (18.4 + 3.3 com- 
pared with 15.4 + 3.0 gm- min/dl) (p < 0.001). 
Cholesterol. There was a significant decrease in 
mean total cholesterol levels in all study groups when 
the 3-month and the 6- to 13-month levels were com- 
pared with the mean entry cholesterol level (p < 0.001, 


Table III). There was no significant difference between 
the study groups at each testing interval. The over- 
all mean cholesterol at 6 to 13 months was 194 + 34 
mg/dl. 

Low-density lipoprotein cholesterol. There was also 
a significant decrease in mean low density lipoprotein 
cholesterol levels at 3 months and at 6 to 13 months 
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Table IV. Prevalence of normal, impaired, and diabetic glucose tolerance after 6 to 13 months of study 


according to prior gestational diabetes classification 


Class A, (n = 83) 69 (83%) 
Class Ay (n = 73) 38 (52%) 
TOTAL 107 (69%) 


6-13 mo oral glucose tolerance test status 


Diabetic 
8 (10%) 6 (7%) 
14* (19%) 217+ (29%) 
22 (14%) 27 (17%) 


Class A; and A, denote women with antepartum fasting serum glucose levels <]05 and =105 mg/dl respectively. Numbers in 


parentheses denote the number of women in each group. 
*b = 0.03 versus class A; impaired glucose tolerance. 
tp < 0.001 versus class A, diabetes mellitus. 


compared with entry levels in all three study groups 
(p = 0.05 and p = 0.01, respectively). The overall mean 
low density lipoprotein cholesterol level at 6 to 13 
months was 12] + 31 mg/dl. 

High-density lipoprotein cholesterol. The mean 
high-density lipoprotein cholesterol was unchanged in 
both the nén-oral-contraceptive and ethinyl estradiol— 
levonorgestrel groups throughout the study. In con- 
trast, the 6- to 13-month mean high-density lipopro- 
tein cholesterol level was significantly higher in the 
ethinyl estradiol—norethindrone group when com- 
pared with the mean entry high-density lipoprotein 
cholesterol level (p < 0.01). The mean high-density 
lipoprotein cholesterol level in this group was also 
significantly higher compared with the 6- to 13- 
month levels in the non-oral-contraceptive and ethinyl 
estradiol—levonorgestrel groups (p = 0.01). 
| Triglycerides. There was no significant difference 
in mean triglyceride levels either within each group 
over time or between groups at each testing interval. 

Abnormal glucose tolerance test status (impaired glu- 
cose tolerance or diabetes mellitus) was not associated 
with a higher mean cholesterol, low density lipopro- 
tein cholesterol, triglyceride, or with a decreased mean 
high-density lipoprotein cholesterol level at any testing 
interval. The study population was overweight (mean 
body mass index, 29 + 5). There was no significant 
weight change from entry during the study period in 
any of the groups. Although there was a trend toward 
increasing mean body mass index in patients with im- 
paired glucose tolerance and diabetes mellitus at all 
testing intervals, these associations were not significant. 


Comment 


In this study population low-dose oral contraceptives 
did not influence the development of diabetes melli- 
tus in women with recent gestational diabetes mellitus. 
These patients were overweight and primarily of Latin 
American descent or origin. Both these factors are as- 
sociated with glucose intolerance.” Gestational diabetes 


mellitus class has a major influence on the development 
of subsequent diabetes. In this study only 7% of patients 
with class A, diabetes were seen to have diabetes mel- 
litus compared with 29% of patients with class A, dia- 
betes. The deterioration in glucose tolerance was closely 
related to the inherent disease process of gestational di- 
abetes mellitus, rather than use of oral contraceptives. 

Elevation of lipids during pregnancy is well docu- 
mented.” *° A delay in the returr. to normal levels lon- 
ger than 6 weeks post partum has been reported.” The 
improvement of lipid profiles by 3 months in all of our 
study groups suggests a similar gradual return of lipid 
metabolism to a nonpregnant state in women with prior 
gestational diabetes mellitus. The mean cholesterol and 
low density lipoprotein cholesterol levels at 6 to 13 
months in these study patients are comparable with 
those in the Department of Health and Human Services 
1978-1980 survey for a similar age cohort of women 
(25 to 34 years old) in which the mean cholesterol and 
low density lipoprotein cholesterol levels were 192 + 
34 and 121 + 33 mg/dl, respectively.” ° The in- 
crease after 6 to 13 months of ethinyl estradiol— 
norethindrone use in high-density lipoprotein choles- 
terol is likely related to its estrogen-dominant oral con- 
traceptive formulation. 

Short-term use of low-dose oral contraceptives in 
women with prior gestational diabetes mellitus does 
not appear to have any adverse effect on carbohydrate 
or lipid metabolism. Both oral contraceptive groups 
and the non-oral-contraceptive group show a signifi- 
cant and similar deterioration in glucose tolerance with 
an overall prevalence of 14% impaired glucose toler- 
ance and 17% diabetes mellitus after 6 to 13 months. 
Low-dose oral contraceptives can be safely prescribed 
in women with prior gestational diabetes mellitus. Se- 
rum lipids and glucose tolerance should be monitored 
closely regardless of contraceptive choice. The ability 
to offer these patients an effective, acceptable, and re- 
versible birth control method such as the low-dose OC 
increases the ability to prevent or plan pregnancies in 
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accordance with optimal maternal glycemic status and 
desires. More studies are needed to determine the long- 
term effect of low-dose oral contraceptive use as well 
as the natural history of disease progression in patients 
with gestational diabetes. 
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Response of placental vasculature to high glucose levels in the 
isolated human placental cotyledon 


Jonathan B. Roth, MD, James A. Thorp, MD, Sue M. Palmer, MD, Peter C. Brath, BS, 


Scott W. Walsh, PhD, and Sharon S. Crandell, MD 


Houston, Texas 


We report the effect of high glucose infusion on vascular resistance in isolated human placental cotyledons 
perfused with Krebs-Ringer—bicarbonate solution containing 80 mg/dl (4.4 mmol/L), 160 mg/dl (8.8 
mmol/L), or 320 mg/dl (17.6 mmol/L) D-glucose (n = 6). Placental vascular resistance remained constant 
during 25-minute perfusion periods with 80 mg/dl followed by 160 mg/dl glucose solution. Subsequent 
perfusion with 320 mg/d! glucose produced a significant increase in placental vascular resistance. 
Placentas were also studied in which the placental cotyledon was sequentially perfused for 25-minute 
periods with solutions containing glucose at 80 mg/d! followed immediately by 320 mg/dl (n = 5). 
Placental vascular resistance remained constant throughout perfusion with 80 mg/dl glucose solution but 
increased significantly after beginning perfusion with 320 mg/dl glucose. We conclude that the increase in 
placental vascular resistance appears to be a function of the high glucose level rather than the duration of 


glucose perfusion. (AM J OBSTET GYNECOL 1990;163:1828-30.) 


Key words: Placenta, glucose, vascular resistance, diabetes 


Maternal hyperglycemia results in fetal hypergly- 
cemia, fetal hyperinsulinemia, and an increased flux of 
glucose into the fetal circulation. These metabolic al- 
terations appear to have a deleterious effect on fetal 
well-being. Phillips et al.’ showed that fetal hypergly- 
cemia produced by glucose infusion into the ovine fetus 
resulted in increased oxygen consumption, hypoxemia, 
acidemia, and fetal death in fetuses that became se- 
verely acidemic. In studying the effects of maternal 
hyperglycemia on the fetus, we previously showed that 
the hyperglycemic fetus became hypoxemic and a 
mixed metabolic respiratory acidemia developed.’ In 
addition, umbilical blood flow was significantly de- 
creased at maternal glucose concentrations that were 
two to three times the normal range for pregnant ewes. 
The cause of this observed decrease in umbilical blood 
flow during maternal-fetal hyperglycemia was unclear. 

Fetal hypoxemia is a potent stimulus for the release 
of vasoactive substances that may contribute to reduced 
placental blood flow. Rankin and Phernetton* * re- 
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ported that norepinephrine and prostaglandin EF, 
caused vasoconstriction in the placental vascular bed 
and thereby decreased umbilical blood flow.* Angio- 
tensin II increases placental vascular resistance.’ It is 
not clear by what mechanism the decrease in umbilical 
blood flow is initiated or sustained during maternal- 
fetal hyperglycemia, or what ifany role fetal hypoxemia 
plays in the redistribution of fetal cardiac output and 
whether this redistribution is mediated by the release 
of vasoactive agents. Despite extensive in vivo work in 
glucose metabolism in chronically catheterized ovine 
fetuses, few investigators have examined directly the 
effect of glucose on placental vascular resistance. The 
following in vitro study was undertaken to examine the 
effects of high glucose levels on vascular resistance in 
the human placenta. 


Material and methods 


The method used involved simultaneous in vitro per- 
fusion of the placental vasculature and the intervillous 
space in the isolated human placental cotyledon as pre- 
viously described by Schneider et al. and Thorp et al.’ 
The placentas were obtained immediately after vaginal 
or cesarean section delivery and placed into a bath of 
physiologic saline solution at room temperature. An 
intact lobe on the fetal side of the placenta suitable for 
dual perfusion was selected and the arterial and venous 
chorionic vessels supplying that lobe were catheterized. 
The placenta was then secured onto a chamber and two 
butterfly needles were pierced through the decidual 
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Fig. 1. Representative tracing of change in pressure of chorionic plate artery during perfusion of 
isolated human placental cotyledon with sequentially increasing concentrations of glucose (80 
mg/dl (4.4 mmol/L), 160 mg/dl (8.8 mmol/L), and 320 mg/dl (17.6 mmol/L). 


plate of the maternal side of the placenta. The fetal 
flow was set.at 2 to 5 ml/min and the maternal flow 
at 7 to 12 ml/min. The maternal and fetal sides of 
the placenta were perfused with a Krebs-Ringer— 
phosphate—bicarbonate solution gased with 95% air 
and 5% carbon dioxide at 37° C. Pressure changes in 
the chorionic plate placental arteries and veins were 
monitored with a physiologic recorder (model 7754B, 
Hewlett Packard, Waltham, Mass.). Changes in resis- 
tance were calculated by dividing the difference be- 
tween arterial and venous pressures by the measured 
flow rates. 

We studied six placentas (group A). The placental 
cotyledons were sequentially perfused for 25-minute 
periods with solutions that contained glucose of 80 
mg/dl (4.4 mmol/L), 160 mg/dl (8.8 mmol/L), and 320 
mg/dl (17.6 mmol/L). In addition, five placentas were 
studied in which the placental cotyledons were sequen- 
ually perfused for 25-minute periods with solutions 
that contained glucose at 80 mg/dl (4.4 mmol/L) fol- 
lowed by 320 mg/dl (17.6 mmol/L) (group B). Solu- 
tions of mannitol of 80 mg/dl (4.4 mmol/L), 160 
mg/dl (8.8 mmol/L), and 320 mg/dl (17.6 mmol/L) 
were used to perfuse two additional placentas. Data 
were analyzed as appropriate by the paired Student 
t test or analysis of variance with random block due to 
variability between placentas. Tissue viability was de- 
termined in six placentas by measuring lactate pro- 
duction after 15 minutes, 60 minutes, and 120 minutes 
of perfusion. 


Results 


There was no significant change in lactate produc- 
tion throughout the experiment, indicating that the 
tissue remained viable during experimental proce- 
dures. Mean lactate production at 15 minutes was 
0.79, at 60 minutes 0.89, and at 120 minutes 0.97 
mmol/min/gm. These values are within the range re- 


Table I. Placental vascular resistance in 
response to perfusion with different 
concentrations of glucose studied in the 
isolated human placental cotyledon 





Resistance (mm Hg > min/ml) 


Group A 
mean + SE (n = 6) 






Glucose Group B 






(mg/dl) mean + SE (n = 5) 
80 14.17 + 4.26 16.82 + 3.56 
160 14.26 + 4.29 we 
390 30.00 + 11.4 31.49 + 5.25 


ported by others.” Placental vascular resistance re- 
mained constant throughout a 25-minute perfusion 
with 80 mg/dl glucose solution and throughout a 25- 
minute perfusion with 160 mg/dl glucose solution. 
Within 12 + 3 minutes of beginning the perfusion with 
320 mg/dl glucose, a significarit increase of 110% 
(p < 0.05) in placental vascular resistance was observed 
(Fig. 1, Table I). | , 

_In an additional five placentas studied, vascular re- 
sistance remained constant throughout a 25-minute 
perfusion with 80 mg/dl glucose solution. Within 
11 + 3 minutes of beginning the perfusion with 320 
mg/dl glucose, a significant increase of 87% in placental 
vascular resistance was observed (p < 0.01) (Fig. 2, 
Table I). In the two placentas perfused with mannitol, 
vascular resistance remained constant throughout se- 
quential perfusions with mannitol solutions of 80 
mg/dl, 160 mg/dl, and 320 mg/dl, which shows that 
the vasoconstriction observed with 320 mg/dl glucose 
was not simply an osmotic effect. 


Comment 

Placental vascular resistance increased in response to 
high glucose levels. The absence of a response in the 
placentas perfused with mannitol indicates that this re- 
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Fig. 2. Same as Fig. 1, except the 320 mg/ dl glucose perfusion immediately followed the 80 mg/d! 


glucose perfusion. ` 


sponse is not an Osmotic effect. In addition, the increase 
in placental vascular resistance appears to be a function 
of the high glucose level and not a result of a time- 
related effect of the glucose perfusion. Because there 
are differences in the anatomic relationship of the per- 
fusing vessels in the sheep versus the human placenta, 
one.cannot be certain that high glucose levels would 
produce similar vasoconstriction in the sheep placenta. 
The data do, however, suggest that the decrease in 
umbilical blood flow observed by Crandell et al.? in the 
intact pregnant sheep may have resulted from changes 
in resistance in the placental vascular bed as a conse- 
quence of maternal hyperglycemia. 

The mechanism for the increase in placental vasala 
resistance after perfusion with high glucose levels is not 
known. In vivo, fetal hyperglycemia causes hypoxemia. 
Fetal hypoxemia is a potent stimulus for the release of 
vasoactive substances that may contribute to increased 
placental vascular resistance. Fetal hypoxemia evokes 
the release of vasoconstrictors such as vasopressin, 
renin, epinephrine, norepinephrine, and prostaglan- 
din E; and Fa into the circulation.* *** !° However, this 
cannot explain vasoconstriction in response to high glu- 
cose levels in vitro. High glucose levels caused a de- 
crease in prostacyclin production by cultured tropho- 
blast cells obtained from early pregnancy," and there 
is a significant decrease in prostacyclin production with 
no significant change i in thromboxane production by 
placentas obtained from women with diabetes as com- 
pared with nondiabetic women." Therefore, vasocon- 
striction in response to high glucose levels may be re- 
lated to decreased prostacyclin production leading to 
an imbalance between thromboxane and prostacyclin 
levels that favors the vasoconstrictive effects of throm- 
boxane. , | 

We speculate that the increase in placental vascular 
resistance observed in vitro may explain in vivo the 
decrease in umbilical blood flow during maternal-fetal 
hyperglycemia observed in our laboratory in the sheep 


and by Trudinger et al.” in the human uncontrolled 
diabetic patient. 
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ADVERSE REACTIONS: The most frequently reported adverse reactions were those related to hypoestrogenism 
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pared to pretreatment levels. There was partial recovery of bone density post-treatment; the average trabecular bor 
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measured by dual photon absorptiometry (DPA), decreased by a mean of 5.9% at end of treatment. Mean total vertebi 
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cholesterol values above 250 mg/dL 
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At the end of treatment, no patients on SYNAREL had abnormally low HDL cholesterol fractions (< 30 mg/dL) co 
pared with 43% of patients on danazol. No patients on SYNAREL had abnormally high LDL cholesterol fractio 
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Placental thromboxane and prostacyclin production in an ovine 


diabetic model 
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We hypothesized that streptozocin-induced ovine diabetes would cause alterations in the placental 
production of thromboxane and prostacyclin. With a tissue incubation technique, we examined the 
placental production of thromboxane and prostacyclin in cotyledons from seven normal near-term ewes 
(127 + 3 days’ gestation) and six streptozocin-induced diabetic ewes (125 + 3 days’ gestation). Diabetic 
status was verified with serial fasting blood glucose assessments. Placental tissue was incubated in 
Dulbecco's modified Eagle’s medium for 48 hours at 37° C with 95% oxygen and 5% carbon dioxide. 
Samples were collected at 0, 1, 2, 4, 8, 20, 32, and 48 hours. Radioimmunoassay of the stable 
metabolites thromboxane B, and 6-keto-prostaglandin F,, were used to determine thromboxane and 
prostacyclin production, respectively. Placental thromboxane production was reduced in diabetic animals 
when compared with control animals (5.63 + 2.81 vs 7.32 + 1.37 pg/mg per hour, respectively; 

p < 0.05). Prostacyclin production was also significantly reduced in the diabetic placentas compared with 
control placentas (11.44 + 4.06 vs 16.29 + 4.59 pg/mg per hour, respectively; p < 0.05). We conclude 
that the ovine placenta produces thromboxane and prostacyclin. The ovine thromboxane production rate is 
comparable to that of the human placenta but the prostacyclin production rate is approximately two to 
three times higher. The observed decrease in the placental production of thromboxane and prostacyclin 
may reflect an adverse effect of hyperglycemia directly on eicosanoid production or indirectly through 
decreased placental cellular proliferation. (Am J OpsteT GYNECOL 1990;163:1831-5.) 


Key words: Prostacyclin, thromboxane, placenta, diabetes, ovine 


During normal human pregnancy, the placenta pro- 
duces approximately equal amounts of the vasoactive 
eicosanoids thromboxane and prostacyclin.’ * Certain 
disease states are associated with alterations in the pla- 
cental production of thromboxane and prostacyclin. 
Diabetes mellitus 1s a disease characterized by alter- 
ations in vascular physiology and eicosanoid pro- 
duction. Previous investigators showed reduced pros- 
tacyclin production from the endothelium of large 
blood vessels in nonpregnant diabetic subjects,” * and 
increased platelet thromboxane production.’ These 
alterations in the production of eicosanoids appear to 
be glucose-related. Rakoczi et al.° showed a dose- 
dependent reduction of prostacyclin production in cul- 
tured trophoblast cells incubated with increasing glu- 
cose concentrations. Prostacyclin synthesis is reduced 
in the umbilical arteries of.neonates of mothers with 
gestational diabetes mellitus and juvenile-onset diabe- 
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tes.’ Maternal gestational diabetes mellitus is associated 
with a decrease in the in vitro placental production rate 
of prostacyclin, but not that of thromboxane (Palmer 
SM, Young S, Walsh SW. Unpublished observations). 
The clinical implication of reduced placental prosta- 
cyclin production in gestational diabetes may be de- 
creased placental blood flow, limited vasodilation, and 
increased platelet aggregation. These alterations in pla- 
cental physiology may impact on the capacity of the 
fetus of the diabetic mother to respond to changes in 
uteroplacental perfusion. 

Preeclampsia is acommon complication of pregnancy 
in the diabetic patient, particularly in women with poor 
glucose control. In preeclampsia the placental produc- 
tion of the vasoconstrictor thromboxane is seven times 
that of the vasodilator prostacyclin, and this imbalance 
has been postulated to account for some of the patho- 
physiology of this disease.'* The frequency with which 
diabetes and preeclampsia are associated in pregnancy 
prompted our investigation of the placental production 
of eicosanoids in diabetes. 

With the pregnant ewe, we investigated the role 
of the vasoactive eicosanoids in normal and diabetic 
pregnancies. We hypothesized that the ovine placenta _ 
produces thromboxane and prostacyclin, and that | 
streptozocin-induced diabetes mellitus would alter'the - 
production rates of these eicosanoids. | 
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Material and methods 


Six pregnant ewes of known gestational age were 
rendered glucose intolerant by the intravenous admin- 
istration of streptozocin (Upjohn Co., Kalamazoo, 
Mich.) on two separate occasions, 4 days apart, com- 
mencing at 85 to 95 days’ gestation. Before each injec- 
tion of streptozocin, a 3-hour intravenous glucose tol- 
erance test with 25 gm of glucose administered as 
50 ml of 50% dextrose in water was conducted. At the 
completion of the glucose tolerance test, streptozocin 
was administered to the ewe at a dose of 50 mg/kg 
maternal weight. Immediately before injection, the 
streptozocin was reconstituted in 50 ml of sterile 0.9% 
sodium chloride and then infused over 3 to 4 minutes 
via a maternal peripheral hind-limb vein. To ensure 
active secretion of insulin and maximal degranulation 
of the pancreatic B-cells, the streptozocin was injected 
while the animals were feeding. A third maternal in- 
travenous glucose tolerance test was performed at 
114 to 123 days’ gestation, 5 days before surgery. 
Maternal venous plasma fasting blood glucose levels 
were assessed with a glucose analyzer (model 23A, Yel- 
low Springs Instrument Company, Inc., Yellow Springs, 
Ohio) before the first administration of streptozocin 
and again before surgery at 119 to 128 days’ gestation. 

At 112 to 121 days’ gestation the ewes were trans- 
ferred to the Animal Care Center at our institution and 
acclimated for a minimum of 7 days before surgery. A 
diet of pelleted alfalfa and hay was fed to the ewes. 
The animals were maintained in accordance with the 
National Institutes of Health Guide for the Care and 
Use of Laboratory Animals (National Institutes of 
Health Publication No. 85-23, 1985) in the Animal Care 
Center of the University of Texas Medical School at 
Houston. The experimental protocol was approved by 
our institutional Animal Welfare Committee. 

Placental cotyledons, approximately 3 cm in diame- 
ter, were obtained at the time of surgery from six 
glucose-intolerant (125 + 3 days’ gestation) and seven 
control sheep (127 + 3 days’ gestation). The cotyledon 
closest to the uterine incision site was selected and 
atraumatically excised, with double ligation of the vas- 
cular pedicle. After harvesting of the placental coty- 
ledons in both glucose-intolerant and control ewes, the 
insertion of maternal and fetal vascular catheters was 
performed for the purpose of later experimentation 
with radioactive microspheres. 

Placental ussues were immediately chilled and pro- 
cessed under sterile conditions at 4° C as previously 
described.'* Placental tissues were separated, gently cut 
into thin-layer pieces, and washed repeatedly with Dul- 
becco’s modified Eagle’s medium (Gibco, Grand Island, 
N.Y.). Excess modified Eagle’s medium was removed 
with sterile gauze. Multiple wells, each containing ap- 
proximately 350 mg of placental tissue, were incubated 
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in 7 ml of modified Eagle’s medium for 48 hours at 
37° C in a Dubnoff metabolic shaker. Tissues were ox- 
ygenated with 95% oxygen and 5% carbon dioxide. 
Samples of media (200 ul) were collected at 0, 1, 2, 4, 
8, 20, 32, and 48 hours of incubation. Tissue viability 
after 0, 20, 32, and 48 hours of incubation was assessed 
by trypan blue dye exclusion staining as previously de- 
scribed.” Results were considered valid if tissue viability 
was >80%. 

The production of thromboxane A, was estimated 
by determination of the concentration of its stable me- 
tabolite, thromboxane Ba. with a highly specific ra- 
dioimmunoassay. The assay consisted of competitive 
binding of radioactive and natural thromboxane B+» to 
a highly specific antibody. Dextran-coated charcoal 
was used to separate the bound from the free frac- 
tion. Cross-reactivity of the antibody with other eicos- 
anoids was <0.1%. Within-assay variation was 5.8% 
and between-assay variation was 14.0% (n = 6). The 
least detectable concentration was 0.7 + 0.2 pg, and 
50% binding of the standard curve was 16.5 + 1.3 
pg (n = 6). Serial sample dilutions were parallel to 
the standard curve, and the addition of increasing 
amounts of thromboxane B, to modified Eagle’s me- 
dium resulted in a linear dose response (7° = 1.00, 
y = 1.08x + 0.00, n = 6). A zero dose response re- 
sulted from modified Eagle’s medium alone. The 
production of prostacyclin was determined by specific 
radioimmunoassay of its stable metabolite, 6-keto- 
prostaglandin F,, (6-keto-PGF,,). The radioimmuno- 
assay method and its validation were performed in the 
same manner to that described for thromboxane.' The 
within-assay variation was 10.9% and between-assay 
variation was 13.1% (n = 3). The least detectable con- 
centration was 0.8 + 0.2 pg, and 50% binding of the 
standard curve was 30.1 + 2.4 pg (m = 3). As with 
thromboxane, the addition of increasing amounts of 6- 
keto-PGF,, to modified Eagle’s medium showed a linear 
dose response (7 = 0.9993, y = 1.10x — 8.5, n = 3): 
All data are mean + SE. 

Statistical analysis was performed by independent 
Student’s ¿ test (comparison of production rates), sim- 
ple linear regression (calculation of production rates) 
and two-way analysis of variance with random block 
(comparison of the concentration regression lines) 
with a computer statistical software package (Abstat, 
Anderson-Bell, Parker, Colo.). Logarithmic transfor- 
mation [log (x + 1)] was used when variances were not 
equal. All data are mean + SE. A probability of 
p < 0.05 was chosen to represent statistical significance. 


Results 


After streptozocin administration, the fasting venous 
plasma glucose vaiues of the six ewes rose significantly 
from a pretreatment level of 71.4 + 17.0 mg/dl to 
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121.7 + 43.0 mg/dl 4 weeks later, p < 0.05 (Fig. 1). 
Maternal venous plasma glucose values have been re- 
ported for the normal pregnant ewe and show a grad- 
ual decrease as gestation advances. Normoglycemia for 
the late gestation ewe is 63.8 + 8.7 mg/dl.” 

The concentrations of 6-keto-PGF,, and thrombox- 
ane B. in the incubation media of both the control and 
diabetic cotyledons increased progressively during the 
initial 32 hours of incubation. There was a significant 
fall in tissue viability from 89% at 32 hours to 64% at 
48 hours in the diabetic cotyledons (p < 0.05). This 
decline in tissue viability was associated with a decrease 
in production of thromboxane and prostacyclin be- 
tween 32 and 48 hours. There was no significant al- 
teration in tissue viability in the diabetic tissue at any 
other ume period (range, 84% to 92%). Tissue viability 
remained >80% at all the time periods assessed for the 
control tissue (range, 86% to 92%). 

The concentrations of the stable metabolite of throm- 
boxane, B», in the incubation medium during 32 hours 
of incubation of control and diabetic placental tissue 
are shown in Fig. 2. The concentrations of B, are higher 
at all sampling times for control tissue than for diabetic 
tissue. Peak levels after 32 hours were 260.7 + 44.5 
pg/mg in the nondiabetic cotyledons and 173.3 + 80.5 
pg/mg in the diabetic placental tissue. The lower half 
of the figure shows the B production rates for the 
sampling time intervals of 0 to 1, 1 to 2, 2 to 4, 4 to 8, 
8 to 20, and 20 to 32 hours. The production rates are 
greatest during the first 8 hours of incubation for both 
control and diabetic tissue. Thereafter, thromboxane 
production decreased for both groups, but was higher 
for control tissue than for diabetic ussue at all time 
intervals. Average production rates during the 32 hours 
of incubation were determined by calculation of the 
slopes of the regression lines between each sampling 
time interval. In comparison with control tissue, the 
production rate of thromboxane by diabetic placental 
cotyledons was significantly less. The average produc- 
tion rate for the nondiabetic placental tissue over the 
32-hour period was 7.32 + 1.37 pg/mg per hour 
(n = 7). The average production rate for the diabetic 
cotyledons was 5.63 + 2.81 pg/mg per hour (n = 5), 
and was significantly lower than that of nondiabetic 
cotyledons (¢ test, p < 0.05). The concentration regres- 
sion line for thromboxane was also significantly lower 
for the diabetic group than for the control group (two- 
way analysis of variance, p < 0.05). The ovine placental 
production rate for thromboxane was similar to that 
reported for normal human placental tissue.’ 

The placental production rates of prostacyclin for 
control and diabetic animals, as estimated by measure- 
ments of 6-keto-PGF,,, are shown in Fig. 3. The con- 
centrations of 6-keto-PGF,, in the incubation medium 
increased progressively during the 32 hours of study. 
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Fig. 1. Maternal fasting venous plasma glucose values before 
streptozocin and before surgery (71.4 + 17.0 vs 121.7 + 
43.0 mg/dl, respectively; n = 6. Data represent mean + SE; 
žb < 0.05). 


The concentrations of 6-keto-PGF,, are higher at all 
sampling times for control tissue than for diabetic tis- 
sue. Peak levels after 32 hours were 560.2 + 147.5 
pg/mg for control cotyledonary tissue and 349.3 + 
113.6 pg/mg for diabetic tissue. The lower half of the 
figure shows the 6-keto-PGF,, production rates for the 
sampling time intervals of 0 to 1, 1 to 2, 2 to 4, 4 to 8, 
8 to 20, and 20 to 32 hours. The production rates are 
greatest during the first 8 hours of incubation for both 
control and diabetic tissue. The average production 
rate over the 32-hour period of incubation was 16.29 + 
4.59 pg/mg per hour (n = 5) and 11.44 + 4.06 pg/mg 
per hour (n = 6) for control and diabetic placental co- 
tyledons, respectively. The production rate of prosta- 
cyclin was significantly lower (¢ test, p < 0.05) in diabetic 
than in control placental tissue. Similarly, the regression 
line for prostacyclin metabolite concentrations was sig- 
nificantly lower for the diabetic group (two-way analysis 
of variance, p < 0.05). The production rate of prosta- 
cyclin in normal ovine cotyledons was approximately 
two to three times greater than that previously re- 
ported for normal human placental tissue in our lab- 
oratory.™? 


Comment 


In this study we used the naturally occurring ni- 
trosourea, streptozocin, to create a large animal model 


` to investigate diabetes in pregnancy. Streptozocin in- 


duces destruction of the pancreatic islet cells through 
an immune-mediated mechanism. In human beings, 
streptozocin is used therapeutically to treat metastatic 
pancreatic islet cell carcinoma.’ This agent has been 
used previously to induce diabetes in small research 
laboratory animals such as the rat, dog, and rhesus 


monkey.’* Spontaneous diabetes mellitus has not been 
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Fig. 2. Production rates of thromboxane by normal and dia- 
betic placental tissues, as estimated by concentrations of its 
stable metabolite, thromboxane B, in incubation medium. 
Data represent mean + SE; *p < 0.05). 


reported in the ovine species and the mean maternal 
plasma glucose level at late gestation is 63.8 + 8.7 
mg/dl.° The observed significant elevation of the fast- 
ing plasma glucose level of the streptozocin-treated 
ewes indicated the induction of a diabetic state. How- 
ever, the sheep is a ruminant species with little dietary 
intake of glucose and has a different insulin-glucose 
response to meals than that of human beings. Our pre- 
vious work with this animal model showed only small 
fluctuations in plasma glucose levels (30 to 40 
mg/dl) with meals. Thus the mean plasma glucose level 
is consistently elevated, but unlike the human beings 
with gestational diabetes, large meal-related glucose 
fluctuations are not present. 

Our study clearly shows that the ovine placenta pro- 
duces thromboxane and prostacyclin in amounts that 
approximate human placental production.'"* The ovine 
placenta is epitheliochorial in structure, unlike that of 
the human being, which is hemochorial in architecture. 
Despite this fundamental structural difference, the pla- 
centas of both species produce the vasoactive eicosa- 
noids thromboxane and prostacyclin at rates that are 
of a similar order of magnitude, although the ovine 
placenta produces approximately two to three times 
more prostacyclin than that of human beings. Our lab- 
oratory has previously showed placental thromboxane 
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Fig. 3. Production rates of prostacyclin by normal and diabetic 
placental tissues, as estimated by concentrations of its stable 
metabolite, 6-keto-PGF,, in incubation medium. Data repre- 
sent mean + SE; *p < 0.05). 


production rates of 6.3 + 1.5 pg/mg per hour and 
placental prostacyclin production rates of 6.7 + 0.5 
pg/mg per hour in normal term human placentas.' 
This results in a ratio of thromboxane to prostacy- 
clin production of 0.94.7 In contrast, the thrombox- 
ane/prostacyclin ratio in the normal near-time ovine 
placenta is 0.45. This ratio favors the production of 
prostacyclin. This difference may account in part for 
the resistance of ovine species to the development of 
preeclampsia. 

In human pregnancy, gestational diabetes is a prom- 
inent source of perinatal morzality and morbidity. The 
effects of the hyperglycemia associated with gestational 
diabetes on placental function is uncertain. Preliminary 
investigations in our laboratory with human tissue have 
suggested a reduction in the placental production rate 
of the vasodilator prostacyclin in gestational diabetes 
(Palmer SM, Young S, -Walsh SW. Unpublished obser- 
vations). This reduction was not accompanied by a sig- 
nificant alteration in the placental production rate of 
the vasoconstrictor thromboxane, so the ratio of throm- 
boxane to prostacyclin favors thromboxane. This is 
suggestive of a possible mechanism for reduced pla- 
cental blood flow in gestational diabetes. 

We observed a significant reduction in tissue viability 
and eicosanoid production at 48 hours of incubation 
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in the ovine diabetic cotyledons. High glucose levels 
may have directly impaired eicosanoid synthesis or af- 
fected viability. Rakoczi et al.° showed a dose-dependent 
inhibition of human placental prostacyclin synthesis by 
glucose. Another possibility is that hyperglycemia may 
have decreased cellular proliferation of the placenta. 
An adverse effect of hyperglycemia on in vitro cellular 
proliferation of human placental tissue has been re- 
ported. A reduction of in vivo cellular proliferation 
resulting from hyperglycemia is a possible mechanism 
to account for the reduced in vitro eicosanoid produc- 
tion and impaired tissue viability observed after 48 
hours of incubation. Consistent with these findings, we 
anecdotally noted a decrease in the tissue turgor and 
quality of the placental cotyledons obtained from the 
diabetic animals. There was no significant alteration in 
tissue viability at any other ume period. ‘Thus an alter- 
ation in tissue viability is not the cause of the observed 
changes in eicosanoid production. 

The placental production of prostacyclin in the di- 
abetic ewe was significantly reduced when compared 
with the nondiabetic control animals. This is consistent 
with earlier observations in the human gestational di- 
abetic (Palmer SM, Young S, Walsh SW. Unpublished 
observations). The placenta of the nondiabetic ewe pro- 
duced 1.4 times as much prostacyclin as the diabetic 
placenta. However, unlike human gestational diabetes, 
we found a significant reduction in thromboxane pro- 
duction in the ovine diabetic placenta. The control 
ovine placenta produced 1.3 times as much thrombox- 
ane as the diabetic placenta. The ovine diabetic pla- 
cental thromboxane/prostacyclin ratio was 0.49. Thus 
the thromboxane/ prostacyclin ratio in diabetic animals 
was not altered, despite the reduction in the production 
rate of these vasoactive eicosanoids (p > 0.5). 

The reason for the observed differences between the 
ovine and human placental eicosanoid production rates 
in gestational diabetes may relate to interspecies vari- 
ation in placental structure and function. Another po- 
tential explanation for the observed differences in pro- 
duction of thromboxane and prostacyclin is a differ- 
ence in the availability or metabolism of arachidonic 
acid in the diabetic animals. Alterations in cholesterol 
metabolism are frequently associated with the alter- 
ations of glucose metabolism in diabetes mellitus in hu- 
man beings. The diet of the ewe is deficient in lipids, 
potentially resulting in substrate reduction for cycloox- 
ygenase metabolism. It 1s also possible that the strep- 
tozocin directly altered placental function because the 
agent was administered during pregnancy. It is believed 
that this compound has a specific affinity for the pan- 
creatic islet cell.'° However, to be certain that strepto- 
zocin has no direct effect on placental function, the 
agent would need to be administered before con- 
ception. 

We conclude that the ovine placenta produces throm- 
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boxane and prostacyclin. The placental production 
rates of these eicosanoids in human and ovine placentas 
are of an equivalent order of magnitude. It is of interest 
that the ratio of thromboxane/ prostacyclin is different 
between the two species. In human beings approxi- 
mately equal amounts of thromboxane and prostacyclin 
are produced, whereas in the sheep prostacyclin is pro- 
duced at a rate that is over twice that of thromboxane. 
The epitheliochorial ovine placenta possesses a distinct 
maternal vascular component, whereas in the human 
hemochorial placenta there is only a fetal vascular com- 
ponent. Therefore the ovine placenta contains more 
vascular tissue capable of producing prostacyclin, pos- 
sibly accounting for the observed differences in pro- 
duction. The presence of maternal hyperglycemia in 
the ewe is associated with a reduction in the placental 
production of both thromboxane and prostacyclin, 
without alteration in the thromboxane/prostacyclin 
ratio. 


We would like to acknowledge Wil Morgan and the 
Upjohn Company for their assistance in this research. 
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Insulin-like growth factor II and nonsuppressible insulin-like 


activity levels in newborns 


Naguib A. Samaan, MD, PhD, Pamela N. Schultz, RN, MS, and Frank K. Pham, BS 


Houston, Texas 


We measured insulin-like growth factor Il and nonsuppressible insulin-like activity levels in the 

sera of newborn infants with different birth weights and gestational ages to determine the significance 

of these peptides in feta! growth. Our results obtained by use of one-way analysis of variance showed 

that the insulin-like growth factor II and nonsuppressible insulin-like activity levels in premature, 
average-weight-for-gestational-age, large-for-gestational-age, and small-for-gestational-age newborns were 
significantly different (p < 0.01). Although levels in the premature neonates were less than the other three 
groups and large-for-gestational-age neonates had a higher insulin-like growth factor II level than the other 


three groups, maternal insulin-like growth factor H levels in all groups were similar. These results suggest 
that insulin-like growth factor |] may play a major role in fetal growth. (Am J OBSTET GYNECOL 


1990;163:1836-9.) 
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The mechanism responsible for fetal growth in utero 
remains to be determined. The description of the se- 
quence of the insulin-like growth factors I and IH, which 
were isolated from the nonsuppressible insulin-like ac- 
tivity by Rinderknecht and Humbel! in 1976, resulted 
in marked progress in this field. The isolation of these 
growth factors, also known as somatomedins, was pre- 
ceded by the description of “typical” and “atypical” 
insulin-like activity by Samaan et al.** that was later 
termed “suppressible” and “nonsuppressible” insulin- 
like activity by Froesch et al.* The serum compo- 
nent (sulfation factor), which mediated the growth 
hormone-induced incorporation of sulfate into carti- 
lage, was described by Salmon and Daughaday.’ 

In addition to purifying insulin-like growth factors 
I and II from nonsuppressible insulin-like growth fac- 
tors, Rinderknecht and Humbel' also determined their 
amino acid sequence, which was found to be similar 
to proinsulin. Zapf et al.’ found that both insulin-like 
growth factors I and II fulfill all the criteria of so- 
matomedins. The origin of somatomedins has been 
a subject of extensive research. Samaan et al.” ® 
showed strong evidence that atypical or nonsuppress- 
ible insulin-like activity was formed mainly in the liver 
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because they found that the atypical insulin-like ac- 
tivity level was significantly lower in patients with liver 
cirrhosis and was lowered further after portocaval 
shunt. They also showed that infusion of regular insulin 
into the portal circulations of dogs resulted in the in- 
crease of the level of the atypical or nonsuppressible 
insulin-like activity.” These observations have been con- 
firmed by various investigators.® '*'? Recently, Daugh- 
aday et al." also showed evidence that the liver plays a 
major part in the formation of sulfation factor when 
growth hormone was infused in the liver and that in- 
sulin has synergetic effect on growth hormone. It was 
then concluded that growth hormone, insulin, and nu- 
tritional factors are most responsible for the formation 
of the somatomedins." 

Underwood et al.” purified and separated somato- 
medin C, which was found to be structurally similar 
to insulin-like growth factor I and has potent action 
in cartilage similar to the sulfation factor. Conversely, 
insulin-like growth factor I] was found to be more po- 
tent on adipose tissue.®*'* 

Insulin-like growth factor I has been measured in 
pregnant mothers and umbilical cords, and it was found 
that growth hormone and insulin-like growth factor I 
do not appear related to the growth of the fetus." '® 
However, the relationship of insulin-like growth factor 
II to fetal growth and time of gestation has not been 
clarified. 

This study was undertaken to determine both the 
insulin-like growth factor II levels, as measured by the 
radioimmunoassay, and the nonsiuppressible insulin- 
like activity level, as measured by the fat pad assay in 
the sera of the newborn infants with different birth 
weights, gestational ages, and 1-minute Apgar scores 
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so that the significance of these peptides in fetal growth 
could be determined. 


Material and methods 


At the time of delivery, sera were collected by ve- 
nipuncture from 54 women with normal pregnancies 
at term (37 to 41 weeks) and who were delivered of 
average-for-gestational-age (AGA) newborns, 53 wo- 
men who were at term and were delivered of large-for- 
gestational-age (LGA) infants, five women who were 
delivered of small-for-gestational-age (SGA) infants, 
and eight women who were delivered of premature 
newborns. Categories were based on data provided 
by Williams et al. in a study conducted in Califor- 
nia of 2,288,806 live births. Infants who had reached 
37 weeks’ gestation and whose weight was =1]0th 
percentile were considered SGA. Those with weights 
=90th percentile were considered LGA, and those with 
weights between the llth and 89th percentiles were 
considered AGA. An infant was considered premature 
if the gestational age at birth was =36 weeks. The pre- 
mature newborns in this study had average weights for 
their gestational age. 

Umbilical cord blood was collected from the placen- 
tal side at the time of delivery immediately after the 
cord was clamped. The blood was collected in nonhe- 
parinized tubes. The serum was separated and kept at 
—20° C until the time of assay. This study was done 
with the approval of the Human Protection Committee 
and informed consent was obtained from each mother. 

The insulin-like growth factor II was measured 
by the radioimmunoassay method after separation of 
insulin-like growth factor II from the binding pro- 
teins by use of the C18 Sep-pak silica cartridge chro- 
matography and a vacuum elution system method. 
The insulin-like growth factor II was measured by 
the double-antibody radioimmunoassay method.’* The 
first antibody was a monoclonal antibody raised against 
rat insulin-like growth factor II obtained from Enzyme 
International (Troy, Va.). It had a 100% crossreactiv- 
ity with human insulin-like growth factor II and rat 
insulin-like growth factor I; human insulin-like growth 
factor I was 10% and bovine insulin was <0.01%. Bio- 
synthetic human insulin-like growth factor I] (Eli Lilly 
& Co., Indianapolis) was used for iodination and assay 
standards. Interassay variation in insulin-like growth 
factor II was <20%. 

The nonsuppressible insulin-like activity was mea- 
sured in the serum with the fat pad assay in the pres- 
ence of glucose carbon 14 isotope and insulin antibody 
as described by Samaan et al.* To make an overall com- 
parison that describes significant differences between 
groups, a one-way analysis of variance that uses the F 
test was done to determine the effect of birth weight 
and gestation on nonsuppressible insulin-like activity 
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Table I. Nonsuppressible insulin-like activity 
and insulin-like growth factor II levels in 

premature, SGA, AGA, and LGA newborns 
Nonsuppressible 


insulin-like 
activity (U/ml) 










{Insulin-like 
growth factor H 
(ng/ml) 







Newborns 





Premature (n = 10) 125 + 59 48.2 + 10.9 
SGA (n = 4) 21] + 83 54.0 + 6.6 
AGA (n = 54) 153 + 121 57.9 + 11.] 
LGA (n = 53) 272 + 161 63.8 + 11.4 
F test 4.50 6.01 

(p < 0.01) (p < 0.01) 


The one-way analysis of variance that uses the F test was 
done to determine the effect of birth weight and gestation. 


and insulin-like growth factor II. Specific differences 
were analyzed by means of the Tukey test. 


Results 


Table I summarizes the mean + $D of the nonsup- 
pressible insulin-like activity and insulin-like growth 
factor II levels of the premature neonates, SGA, AGA, 
and LGA neonates. When analysis of variance was ap- 
plied to the nonsuppressible insulin-like activity lev- 
els, there was a significant difference found among the 
four groups (F = 4.50, p < 0.01). The nonsuppress- 
ible insulin-like activity levels in the premature neo- 
nates was less than in the other three groups, and the 
nonsuppressible insulin-like activity levels in the LGA 
group was greater than in the other three groups. 
The significant differences according to the Tukey test 
was LGA versus premature (q = 4.57, p < 0.01} and 
LGA versus AGA (q = 4.49, p < 0.01). The insulin-like 
growth factor II level was similar to the nonsuppress- 
ible insulin-like activity in that the insulin-like growth 
factor II levels of the four groups were significantly 
different (F = 6.01, p < 0.01). The insulin-like growth 
factor Ii level of the premature neonate was less than 
the other three groups, and the LGA neonates had 
higher insulin-like growth factor II levels than in the 
other three groups. The significant difference accord- 
ing to the Tukey test was LGA versus premature {g = 
5.13, p < 0.05). 

The maternal insulin-like growth factor II levels in 
all patients studied were similar and not significantly 
different from those found in nonpregnant women of 
the same age range. The mean + SD of insulin-like 
growth factor ÍI levels in the mothers was significantly 
higher than in all groups of neonates (89.1 + 5.9, p < 
0.001). There was no correlation found between ma- 
ternal weight and their newborn birth weights. 


Comment 


Little is known about the regulation of somatome- 
din production in the fetus.’ It has been shown that 
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somatomedins do not pass through the placental bar- 
rier. The source of the embryonic somatomedins ap- 
pears tc be the fetus itself. Nutritional factors have been 
proposed to play a primary role in the regulation of 
somatomedin in.the fetus.’ Both insulin-like growth 
factor I and II levels are formed in the liver, but to 
a lesser extent in different tissues including the pla- 
centa.” ' '*?° Tt has also been shown that there is 
a decrease in insulin-like growth factors after experi- 
mental manipulation designed to produce growth re- 
tardation in the fetal rat.” ?! 

Brinsmead and Liggins* reported that growth hor- 
mone is not required for fetal growth because nei- 
ther somatomedin levels nor growth are affected by 
hypophysectomy in lambs or decapitation in the uterus. 
Furthermore, the anencephalic fetuses grow normally 
during intrauterine life. We and others have also shown 
that the insulin-like growth factor I level is significantly 
lower in infants than in adults'® and was significantly 
lower In premature newborns than in AGA infants; 
however, there was no significant difference between 
the LGA infants and the AGA infants, and we specu- 
lated that other growth factors may play a part. 

Both insulin-like growth factor I and II levels are 
found in the circulation with carrier proteins. The exact 
role of somatomedin-binding proteins in the circulation 
and how they act to deliver somatomedins to their tar- 
get tissues is poorly understood. One well-established 
function is to increase the plasma half-life of somato- 
medin from 8 to 30 minutes when not protein bound 
to 3 to 6 hours in the presence of binding proteins.” 
Another apparent role is to provide a reservoir for 
somatomedin because serum is its primary storage site. 
It appears that the peptides, when protein bound, exert 
little of their potential activity. Although this does not 
necessarily indicate that the naturally occurring high- 
molecular mass complexes are devoid of activity, evi- 
dence exists to suggest that a portion of the total non- 
suppressible insulin-like activity level in serum exerts 
its biologic action when protein bound.":* 

It has also been shown that the binding proteins may 
interfere with the radioimmunoassay of the somato- 
medins and acid ethanol extraction was introduced by 
Daughaday et al. and the use of BioGel P-60 column 
chromatography appears to be the method of choice 
since total binding proteins are removed. The com- 
bined use of a radioimmunoassay and biologic assay 
seems to be the best approach for measurements of 
somatomedins. The fat pad assay appears to measure 
both insulin-like growth factor I and II levels as well 
as other related undiscovered peptides.’ 


Our findings indicate that although the insulin-like | 


growth factor II level is low in premature infants, it is 
also significantly higher in the LGA infants than in the 
AGA infants. Similar results were obtained by measur- 
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ing the nonsuppressible insulin-like activity, which is 
predominantly insulin-like growth factor II.°'' The dis- 
parity concerning the rank order of nonsuppressible 
insulin-like activity levels may be a result of the small 
number of cases with SGA. The differences in the levels 
of nonsuppressible insulin-like activity and insulin-like 
growth factor II in the four categories may reflect a 
difference in gestational age, birth weight, or both. 
Thus it appears that insulin-hke growth factor II may 
play a major role in fetal growth. 
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Growth factor activity in the blood of women in whom 
preeclampsia develops is elevated from early pregnancy 


Robert N. Taylor, MD, PhD, David C. Heilbron, PhD,” and James M. Roberts, MD" 
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Preeclampsia is a pregnancy-specific disorder of uncertain cause and pathophysiology that appears to be 
associated with endothelial cell injury. Our current studies demonstrate that a pregnancy growth factor 
activity is elevated compared with postpartum values in the blood of women with preeclampsia months 
before the onset of clinical manifestations of toxemia. A cohort of primigravid women was followed 
throughout pregnancy and multiple serial plasma samples from six women with preeclampsia and six 
matched normal women were assayed for mitogenic activity. The data indicated that the ratio of 
predelivery/postdelivery plasma mitogenic activity was greater in women predestined to meet strict criteria 
for the diagnosis of preeclampsia compared with matched normal primigravid women. Growth factor 
activity could distinguish women in whom preeclampsia would develop from their normal peers throughout 
pregnancy, and as early as the first trimester of gestation (p < 0,05). Similar studies performed with 
plasma obtained >6 weeks post partum, when the two groups of patients were clinically indistinguishable, 
revealed no differences in this index of mitogenic activity. Our results indicate that elevated mitogenic 
activity ratios of prepartum versus postpartum plasma antedate the clinical recognition of preeclampsia; 
and return to normal with the resolution of the syndrome. (Am J Osstet GYNECOL 1990;163:1839-44.) 
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Preeclampsia is a pregnancy-specific disorder of un- 
certain cause and pathophysiology. Particular aspects 
of the pathologic changes associated with the syndrome 
of preeclampsia suggest that generalized maternal vas- 
cular endothelial cell dysfunction could explain the 
vasospasm, edema, proteinuria, coagulopathy, and re- 
nal and hepatic abnormalities that are hallmarks of this 
disease.' A variety of clinical observations lends cre- 
dence to the hypothesis of endothelial cell injury in this 
syndrome. The pathognomonic renal lesion found in 
women with preeclampsia, glomeruloendotheliosis,” 
provides morphologic evidence of maternal endothelial 
cell perturbation in this condition, whereas elevations 
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of plasma fibronectin’ and factor VIII antigen’ and 
decreased levels of prostacyclin’ reflect biochemical 
dysfunction in these cells. Finally, the increased rate of 
disappearance of circulating Evans blue dye® suggests 
that the functional integrity of maternal endothelia is 
altered in preeclampsia. That these changes might be 
caused by a circulating factor is suggested by our find- 
ing that predelivery sera from women with preeclamp- 
sia injure human endothelial cells in vitro.” We have 
also found that mitogenic activity is increased in pre- 
partum blood obtained from these patients.’ We hy- 
pothesized that increased growth factor activity was a 
result of the direct release of mitogens from injured 
endothelial cells or platelet activation by perturbed en- 
dothelium.? Our previous studies demonstrated the 
presence of this activity in women with overt pre- 
eclampsia. This study was designed to determine 
whether increased mitogenic activity antedated the clin- 
ical syndrome of preeclampsia. 


Material and methods 


Patient selection. All pregnant women who regis- 
tered for prenatal care at the affiliated hospitals of the 
University of California, San Francisco, were invited to 
participate in a prospective study of preeclampsia. 
Among those who entered the study in 1988, a cohort 
of 12 primigravid women (six normal and six pre- 
eclamptic singleton pregnancies; see below) with com- 
plete clinical and biochemical data were studied. All 
participating patients gave written informed consent to 
donate serial plasma samples for the purpose of the 
study. The blood samples were obtained at the times 
of routine clinical testing, starting no later than the first 
trimester of pregnancy. Plasma was prepared within 12 
hours of venipuncture, and aliquots were stored at 
~70° C. In this study patients had from four to eight 
plasma samples (mean, 6) obtained thraughout preg- 
nancy, with each trimester represented. Thus the quan- 
tification of growth factor activity in these pregnancies 
represents the analysis of 65 individual plasma samples. 
Demographic and clinical data were collected at routine 
obstetric visits. All patients were followed throughout 
the pregnancy until at least 6 weeks post partum. 

A panel of five obstetricians reviewed the clinical 
course of each patient and a post hoc assignment was 
made to normal or preeclampsia groups. Rigid criteria, 
as recommended by Chesley,'® were established for the 
diagnosis of preeclampsia. Patients with preeclampsia 
were defined as follows: nulliparous, not known to be 
hypertensive before pregnancy, manifesting an in- 
crease in systolic pressure of 30 torr or diastolic pres- 
sure of 15 torr (or an increase in mean arterial blood 
pressure [MAP] >20 torr) compared with blood pres- 
sures obtained before 20 gestational weeks, proteinuria 
20.5 gm/24 hours or =30 mg/dl by dipstick of cath- 
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eterized urine, serum uric acid level >5.5 mg/dl, return 
to normal blood pressure and clearance of proteinuria 
by 12 weeks post partum. Normal, control patients were 
matched with those with preeclampsia for race and ges- 
tational age at delivery. Patients with evidence of illicit 
drug or cigarette use, chronic hypertension, or any 
other medical diseases were excluded. 

Growth factor (mitogenesis) bioassay. Quiescent cul- 
tures of human foreskin fibroblasts were used in the 
growth factor bioassay optimized and described pre- 
viously.® A total of 65 aliquots of frozen plasma were 
gently thawed at room temperature and diluted to a 
final concentration of 2% in Dulbecco’s modified Ea- 
gle’s medium, supplemented with Hepes (20 mmol/L), 
bovine serum albumin (500 ug/ml}, transferrin (5 
ug/ml), insulin (1 pg/ml), and heparin (2 U/ml). Sam- 
ples were never subjected to more than one thaw. The 
plasma-reconstituted media were added to triplicate 
wells of cultured fibroblasts. Incorporation of tritiated 
thymidine into deoxyribonucleic acid of these cells was 
determined after precipitation of the nucleic acids with 
10% trichloroacetic acid, and liquid scintillation count- 
ing of the resuspended precipitate was performed. To 
correct for individual variation in the growth factor 
analyses, the results of each plasma sample mitogenic 
activity are expressed as a multiple of the same patient’s 
immediate postpartum sample, as described previ- 
ously.’ In the aforementioned study, Musci et al.f dem- 
onstrated that differences between the mitogenic activ- 
ities of preeclamptic and normal blood samples were 
present in predelivery but not postpartum specimens. 
Thus normalization to the immediate postpartum 
growth factor activity of each patient resulted in a “mi- 
togenic index” to be compared among all patients. Fur- 
thermore, to minimize bias in the bioassays, sets of sam- 
ples from normal patients and those with preeclampsia 
were always measured simultaneously within the same 
fibroblast cultures. Average mitogenic indices for each 
trimester of pregnancy were calculated from the pooled 
results of samples obtained from each patient during 
that trimester. 

Statistical analysis and interpretation. Study re- 
sults are presented as the mean values (+5SD) of 
each clinically defined group. The results of blood 
pressure determination and analyses of proteinuria 
throughout the course of pregnancy were collected 
from the patients’ prenatal records. The MAP for 
each patient at term was derived from the average 
of at least four independent readings during the 
last week of pregnancy, according to the calculation: 
MAP = Diastolic + ({Svstolic — Diastolic]/3). Average 
MAP and urine protein concentration determinations 
were quantified for each patient in each trimester of 
pregnancy. Comparisons between the two study groups 
(12 subjects in total) were made with the nonparametric 
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Fig, 1. A total of 65 plasma samples collected longitudinally throughout pregnancy from 12 patients 
were assayed for mitogenic activity as described in Material and methods. Mitogenic indices were 
computed and normalized by each patient’s immediate postpartum sample as described. The indices 
are plotted against the time of blood sampling (weeks of gestation from last menses). Patients who 
ultimately met strict criteria for the diagnosis of preeclampsia are represented with closed cireles, 
whereas matched normal pregnant women are indicated by open symbols. The mitogenic indices of 
each individual patient are connected by lines. Postpartum plasma samples were obtained at >6 


weeks after delivery. 


Table I. Patient characteristics and intrapartum clinical data 


Maternal age at delivery (yr) 

Parity 

Infant weight at delivery (gm) 

Gestational age at delivery (wk from last menses) 
Hematocrit (%, vol/vol) 
Serum creatinine (mg/dl) 

Mean arterial pressure (torr) 

Proteinuria (mg/d!) 

Serum uric acid (mg/dl) 


*Level of significance by Mann-Whitney test. 
Mean + SD, 


Preeclainptic Normal 
{n = 6) (n = 6) p* 
20 ST 30 + 5 NS 
0 0 NS 
2507 + 884 3277 + 453 NS 
oF 5 re eg NS 
ot fee 37 5 NS 
O47 2 0.2 CO 02 NS 
108 + 7 80 + 7 <0.01 
84 + 29 0 <0.01] 
6.4 + 0.5 4.0 + 0.7 <0.02 


¿Semiquantitative dipstick analysis of catheterized urine samples. 


Mann-Whitney test; values of p< 0.05 were con- 
sidered to reflect significant differences. 


Results 


The clinical and biochemical findings of the pa- 
tients at term are shown in Table I. As anticipated 
by the diagnostic criteria used to identify women as 
having preeclampsia, this group of parturients had el- 
evations in mean arterial blood pressure and protein- 
uria (p < 0.01) and serum uric acid concentrations 
(p < 0.02) compared with matched normal controls. In 
addition, trends toward lower maternal age and de- 


creased infant birth weight were noted in the patients 
with preeclampsia (Table I). 

The longitudinal patterns of growth factor activity, 
as determined by the mitogenesis bioassay, demon- 
strated significant differences between pregnancies that 
were ultimately identified as normal and preeclamptic. 
The data presented in Fig. | demonstrate the mitogenic 
indices determined throughout pregnancy for each of 
the 12 study patients. The majority of women who ul- 
timately met strict criteria for the diagnosis of pre- 
eclampsia had prepartum plasma mitogenic indices > 1. 
By contrast, mitogenic indices for matched normal 
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Fig. 2. Mitogenic indices (predelivery/postdelivery counts per minute incorporated per well of 
human fibroblasts) of prospectively collected plasma were quantified throughout pregnancy and 
postpartum by use of tritiated thymidine incorporation assays as described in Material and methods. 
The mean (+SD) mitogenic indices averaged over each of the three trimesters (T), the entire 
pregnancy (All), and at >6 weeks post partum (PP) are shown. Patients ultimately diagncsed with 
preeclampsia are represented by the hatched bars, whereas the matched normal parturients are 
represented by open bars. Histograms indicate data from all 12 patients in the second, third, and All 
trimester categories. Data from four patients in each group are shown in the first trimester. and six 
women with preeclampsia and three normal patients are represented in the >5 weeks pos:partum 
data. Asterisk indicates values that are different from those of normal parturients by Mann- 


Whitney tests (p < 0.05). 


Table II. Longitudinal assessment of blood 
pressure, proteinuria, and growth factor 


activity during pregnancy 










First Second Third 
trimester trimester trimester 


Mean arterial pressure 


(torr) 

Preeclamptic 81 + 8 88+7 10l+7 

Normal 78 + 8 tf 5 7825 

p* NS <0,05 <0).01 
Proteinuria (mg/dl) 

Preeclamptic 0 0 48 + 29 

Normal Q 0 0 

p* NS NS <0.01 
Mitogenic index (ratio) j 

Preeclamptic LOSTE ILSE L302 

Normal 0.7 + 04 08202 1020.2 

p* <0.05 <0.01 <0.02 


*Level of significance by Mann-Whitney test. 


women were generally <1. By this index growth factor 
activity appeared greatest in plasma collected during 
the first two trimesters of pregnancy from women in 
whom preeclampsia ultimately developed (Fig. 1). 

To statistically evaluate these data, we calculated the 


average mitogenic index for each patient during the 
entire pregnancy, independently for each of the three 
trimesters, and during a late postpartum period (>6 
weeks from delivery). Thus no patient was represented 
more than once in a given gestational period, even if 
multiple plasma samples were tested within a single 
trimester. Because the distribution of the average mi- 
togenic index for each subject was not known to be 
normally distributed, analysis by the nonparametric 
Mann-Whitney test was selected. Women predestined 
to meet criteria for the diagnosis of preeclampsia had 
significantly elevated mitogenic indices throughout 
pregnancy compared with matched normal primi- 
gravid women (1.6 + 0.4 vs 0.8 + 9.3, mean + SD, 
p< 0.01; see Fig. 2). Similar statistical analyses of 
growth factor activity for each trimester of pregnancy 
distinguished women in whom preeclampsia developed 
from their normal peers in each trimester (first trimes- 
ter, 1.6 + 0.6 vs 0.7 + 0.4, < 0.05; second trimester, 
1.8 + 0.7 vs 0.8 + 0.2, p < 0.01; third trimester, 1.3 + 
0.2 vs 1.0 + 0.2, p< 0.02; Fig. 2). The results of the 
third-trimester analyses confirmed our initial report of 
mitogenic indices in preeclamptic and normal preg- 
nancy sera at term (1.4 + 0.2 vs 1.1 + 0.2, n = 29, 
p < 0.01).* Despite significant differences between the 
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normal and preeclamptic groups before delivery, how- 
ever, by 6 weeks post partum both groups had indis- 
tinguishable mitogenic indices (0.9 + 0.1 vs 0.9 + 0.1; 
Fig. 2). 

Longitudinal analyses of mean arterial blood pres- 
sures and proteinuria in the same patients are pre- 
sented in Table II. A statistically significant difference 
between the average MAP of the preeclamptic and nor- 
mal groups was demonstrable by the second trimester 
of pregnancy (88 + 7 vs 77 + 5 torr, p < 0.05). The 
MAP values in these groups corresponded to average 
blood pressures of 125/74 and 106/63 torr in women 
with preeclampsia and normal patients, respectively. 
However, the elevation of MAP in the preeclamptic 
group only achieved a diagnostically significant level 
during the third trimester of pregnancy (101 + 7 vs 
78 + 5 torr, p< 0.01), reflecting average blood pres- 
sures of 144/81 and 112/64 torr. Differences in pro- 
teinuria between the two groups were noted only in the 
third trimester (Table II). 


Comment 


We used strict diagnostic criteria in patient selection, 
analyses of multiple, longitudinally collected samples 
from the same cohort of patients, and calculation of a 
plasma mitogenic index by normalizing to each wom- 
an’s immediate postdelivery plasma growth factor ac- 
tivity. As shown in Fig. 1, this strategy resulted in the 
resolution of 65 individual plasma samples into two 
clusters with minimal overlap that corresponded to 
pregnancy outcome despite the limited number (12) of 
study subjects. Moreover, when the data were combined 
according to trimester of pregnancy, conservative, non- 
parametric statistical analyses demonstrated that the 
plasma mitogenic indices in normal and preeclamptic 
pregnancies differed throughout gestation (Fig. 2). 

The results of this study confirm our earlier finding* 
that the mitogenic index is elevated in the blood of 
women with the classic syndrome of preeclampsia in 
relation to appropriately matched, normal controls. In 
addition, this study revealed that elevated mitogenic 
indices of preeclamptic plasma were demonstrable 
months before the patients satisfied the clinical diag- 
nosis of preeclampsia. Finally, differences in mitogenic 
index between the two patient groups disappeared by 
6 weeks post partum, when clinical and biochemical 
evidence of the syndrome were no longer detectable. 
This is an especially important point because it excludes 
the possibility that the mitogenic index was increased 
in women with preeclampsia because of a temporary 
reduction in mitogenic activity in the immediate post- 
partum period. In addition, this finding suggests that 
altered mitogenic activity is a result of preeclampsia 
rather than a predisposing factor. 

Several clinical and biochemical tests, including 
plasma fibronectin levels,’ circulating factor VIII activ- 
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ity,‘ and response to angiotensin IT infusion,” can iden- 
tify women at risk for the development of preeclampsia 
by the midtrimester. Similar to the recent report on 
elevated levels of cellular fibronectin in preeclampsia,” 
the mitogenic index appears to statistically differentiate 
the group of patients in whom preeclampsia will de- 
velop as early as the first trimester of pregnancy. Be- 
cause the most important pathophysiologic abnormal- 
ities of preeclampsia (poor trophoblast invasion and 
reduced placental perfusion') are established early in 
pregnancy, it is not surprising that fundamental bio- 
chemical changes associated with this syndrome should 
also be detectable at this time. 

Because the release of mitogenic growth factor ac- 
tivity is commonly associated with endothelial damage, 
these studies support our hypothesis that endothelial 
cell injury is an early, pathogenetic feature of pre- 
eclampsia.’ Studies are currently underway to ascertain 
the identity and origin of the mitogenic activity. Partial 
purification of the mitogen(s) has indicated that this is 
a heat- and acid-labile protein with an apparent native 
molecular weight of 150,000.'° This size is significantly 
larger than the classic growth factors and placental pro- 
teins with known trophic effects (e.g., human placental 
lactogen). However, the apparent molecular weight of 
this molecule(s) may reflect binding of a known growth 
factor to a plasma carrier protein, as in the case of 
insulin-like growth factors.’ Future studies will attempt 
to ascertain how abnormal placentation, endothelial cell 
injury, and plasma mitogenic activity are linked in the 
pathophysiology of this puzzling syndrome. 


We thank Mitra Jazayeri, Jean Perry, Alan Goldfien 
and the physicians of the Clinical Data Core for their 
support and expertise. 
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The effect of nifedipine therapy on fetal and placental Doppler 
waveiorms in preeclampsia remote from term 


Michael M. Moretti, MD, Fiona M. Fairlie, MD, Sherif Akl, MD, Aldo D. Khoury, MD, and 
| 


Baha M. Sibai, MD 
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Twenty patients with preeclampsia at a gestational age of 26 to 35 weeks were treated with oral nifedipine 
until delivery. The mean oral daily dose was 45.1 + 11 mg/day (range, 40 to 80 mg/day). Fetal aorta, 
internal carotid artery, umbilical artery, and uteroplacental Doppler flow velocity waveforms were recorded 
before treatment and then serially. The mean nifedipine concentration at the time of the Doppler studies 
was 60.3 ng/ml (range, 10 to 90 ng/ml). The use of nifedipine therapy was associated with a significant 
decrease in both maternal systolic blood pressure (baseline, 154 to 135 mm Hg, p < 0.001) and diastolic 
blood pressure (baseline, 100 to 88 mm Hg, p < 0.001). However, there was no significant difference in 
the resistance index between baseline and postnifedipine Doppler studies in either the fetal or 
uteroplacental vessels. The use of oral nifedipine to contro] blood pressure in preeclampsia does not affect 
the resistance indices in fetal or uteroplacental vessels as measured by the’ Doppler technique. (Am J 


Osstet GYNECOL 1990;163:1844-8.) 
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Nifedipine, a dihydropyridine calcium channel 
blocker, is a particularly effective antihypertensive 
agent.’ The use of calcium channel blockers in the preg- 
nant animal model was reportedly associated with a 
decrease in placental blood flow and development of 
fetal hypoxemia and acidosis.*° However, their use to 
treat preterm labor and in the management of hyper- 
tensive disorders of pregnancy was not associated with 
any reported adverse perinatal outcome.”!° 

Three reports described the acute effects of calcium 
channel blockers on fetal and uteroplacental circula- 
tions in hypertensive pregnancies. All three studies 
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evaluated the effects of a single dose of either nifedi- 
pine (n = 2)*'° or nicardipine (n = 1).° None of these 
studies reported any adverse effects on either fetal or 
uteroplacental circulations. In addition, Mari et al.’ re- 
ported the effects of nifedipine therapy for preterm 
labor and concluded that short-term nifedipine therapy 
did not influence either fetal or uteroplacental circu- 
lation as evaluated with Doppler technique. To date, 
there are no reports describing the effects of long-term 
oral nifedipine therapy on fetal and uteroplacental cir- 
culations. 

The purpose of this study was to examine the effects 
on fetal and uteroplacental Doppler velocimetry wave- 
forms of long-term oral nifedipine therapy in patients 
with preeclampsia remote from term. 


Material and methods 


The study was performed at E.H. Crump Women’s 
Hospital and Perinatal Center between 1988 and 1989. 
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The study population included 20 patients with doc- 
umented preeclampsia. All patients gave written con- 
sent for the study, which was approved by the Insti- 
tutional Investigational Review Board. Entry criteria 
included the following: maternal age =15 years, ges- 
tational age between 26 and 35 weeks with a persistent 
maternal systolic blood pressure range of 140 to 170 
mm Hg and a diastolic blood pressure range of 90 to 
110 mm Hg 24 hours after hospitalization, the devel- 
opment of proteinuria =300 mg/24 hours, and doc- 
umented normal first-trimester blood pressure read- 
ings. The exclusion criteria of the study included the 
presence of twins, diabetes mellitus, Rh isoimmuniza- 
tion, and congenital fetal malformation. In addition, 
any pregnancy complicated by signs of intrauterine 
growth retardation or fetal distress was excluded. In- 
trauterine growth retardation was defined as an esti- 
mated fetal weight by ultrasonographic measurement 
of head circumference and abdominal circumference 
below the 10th percentile for our population standards. 

All patients were admitted to the antepartum unit 
and placed at bed rest. Blood pressure measurements 
were performed four times daily. No other medications 
were used except prenatal vitamins and iron supple- 
mentation. 

Nifedipine therapy was started at 10 mg orally every 
6 hours (40 mg/day) and increased to a maximum dos- 
age of 80 mg/day. The dosage was titrated to keep the 
systolic blood pressure <140 mm Hg and diastolic 
blood pressure <90 mm Hg. Serum nifedipine levels 
were tested after at least 48 hours (eight doses) of dos- 
ing to achieve steady state and at the time of Doppler 
studies. 

Baseline Doppler studies were performed immedi- 
ately before treatment, repeated after steady state (48 
hours), and then at 3-day intervals until delivery. Dopp- 
ler studies were scheduled for 1 hour after the midday 
nifedipine dose. The Doppler ultrasonographic studies 
were done with an Ultramark 9 (ATL) system. A 50 Hz 
wall filter was used; Doppler ultrasonographic energy 
was 114 mw/cm? spatial peak temporal average inten- 
sity. The fetuses were examined with the mothers in 
semirecumbent position. The uterine arteries were 
studied with continuous-wave technique as described 
by Schulman et al. Measurements from both uterine 
vessels were obtained and the results were averaged. 
Umbilical arteries were studied by pulsed Doppler with 
the sample volume placed in a free loop midportion of 
the cord. The fetal descending aorta was examined in 
the absence of fetal breathing movements at a point 
Just above the level of the diaphragm with the trans- 
ducer oriented to maintain the angle of insonation be- 
tween 40 and 60 degrees. A sufficiently large sample 
volume was chosen to completely cross the aorta but 
not to provide interference with other vessels. Wave- 
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forms were recorded over a 5-second period that in- 
cluded an average of 10 consecutive cadiac cycles. 
Doppler velocity waveforms of the intracranial portion 
of the fetal internal carotid artery at the level of the 
bifurcation into the middle and anterior cerebral artery 
were recorded by the method described by Wladimircff 
et al. To determine these waveforms, we obtained the 
standard plane for measuring the biparietal diameter. 
The transducer was then moved parallel down to the 
base of the skull until a plane was reached that dem- 
onstrated the brain stem with the cerebral peduncles. 
Anterior to the heart-shaped brain stem on either side 
of the midline, a cross-section of the internal carotid 
artery as it-divides into the anterior and middle cerebral 
vessels was seen pulsating. Color flow Doppler was used 
to help define these vessels. The sample volume (4 mm) 
was placed over the internal carotid artery and the max- 
imum systolic velocity was recorded. Doppler wave- 
forms were quantified by calculating the resistance in- 
dex (Peak systolic velocity — Diastolic velocity/Peak 
systolic velocity). 

Delivery data included placental weight, birth weight, 
Apgar scores, and cord arterial blood gases. Results 
were analyzed with analysis of variance for repeated 
measurements. A probability value of <0.05 was con- 
sidered to indicate statistical significance. 


Results 


A total of 20 patients were studied; 16 were primi- 
gravid and four were multigravid women. The mean 
maternal age was 23 + 6.23 years. Relevant clinical 
findings of the study patients are summarized in Table 
I. The mean nifedipine dose was 45.1 mg/day, and the 


' mean interval between starting treatment and the first 


postdrug Doppler study was 95 hours. The mean ma- 
ternal serum nifedipine concentration performed at 
the time of Doppler studies was 60.3 ng/ml (range, 10 
to 90 ng/ml). Nifedipine therapy was associated with a 
significant decrease in maternal blood pressure. Mean 
systolic pressure decreased from 154 to 135 mm Hg 
(p < 0.001). Mean diastolic pressure decreased from 
100 to 88 mm Hg (p < 0.001). 

Results of the Doppler studies are summarized in 
Table Il. All pretreatment and posttreatment Doppler 
results were within 1 SD of the mean for our rormal 
population. There was no significant change in the re- 
sistance index between the baseline and Doppler stud- 
ies performed at 4 days after nifedipine therapy. In 
addition, there were no differences in the resistance 
indices in subsequent measurements (by analysis of var- 
iance for repeated measurements). 

Perinatal outcomes are listed in Table III. There 
were four (20%) small-for-gestational-age infants. 
Among these four pregnancies, maternal mean systolic 
pressure decreased from 156 to 131 mm Hg and mean 
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Table I. Clinical findings (N = 20) 


310 23.1 26-35 
33.9 + 3.4 31-39 


Admission gestational age (wk) 
Delivery gestational age (wk) 


Pregnancy prolongation (days) 21.4 4-20 5-84 
Dose of nifedipine (mg/day) 45.1 £ 11 40-80 


Table II. Doppler studies (resistance index) 


Baseline 
(mean + SD) 






Treatinent* 
(mean + SD) 





Umbilical artery 0.61 + 0.1 0.70 + 0.8 

Uterine artery 0.59 + 0.1 0.57 + 0.15 
Descending aorta 0.85 + 0.04 0.84 + 0.05 
Internal carotid artery 0.77 + 0.08 0.69 + 0.11 


*At ume of initial Doppler measurement performed an av- 
erage of 4 days after therapy. 


diastolic blood pressure decreased from 96 to 83 mm 
Hg in response to nifedipine therapy. These changes 
were not significantly different to the group as a whole. 
One infant had an acidotic cord arterial pH. This infant 
was delivered by cesarean section at 28 weeks’ gesta- 
tional age because of repetitive variable decelerations 
in labor. 


Comment 


Preeclampsia is a disease that is unique to human 
pregnancy, with an unknown cause. Despite recent 
progress in understanding its pathophysiology, the 
available therapeutic tools remain limited to either bed 
rest or delivery. Thus there remains an important place 
for the development of new approaches, such as cal- 
cium channel blockers, to the management of pre- 
eclampsia. 

The results of a number of animal studies with cal- 
cium channel blockers are concerning. In addition, in 
both animal and human investigations there is a het- 
erogeneity with regard to the specific calcium channel 
blockers studied. Although beth nifedipine and nicar- 
dipine are dihydropyridine calcium channel blockers, 
they are biochemically different.'* Caution should be 
exercised in extrapolating the effects of nicardipine to 
nifedipine. Parisi et al.* studied the effects of maternal 
nicardipine therapy on fetal placental blood How and 
cardiorespiratory status in the hypertensive pregnant 
ewe. After maternal infusion of angiotensin II, nicar- 
dipine was infused and fetal and maternal blood flow 
were measured. Nicardipine reversed maternal hyper- 
tension but placental blood flow decreased and vascular 
resistance increased. They noted the death of five of 
15 fetuses 65 minutes after nicardipine infusion. Duc- 
say et al.‘ administered nicardipine to spontaneously 
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Table IJ. Perinatal outcome 


Mean + SD Range 


Placental weight (gm) 559 + 154. 260-965 
Birth weight (gm) 2031 + 743 613-3418 
Apgar scores 

l min Gæ 2.0 1-9 

No. with score =4 3 

5 min 8.7 + .5 8-9 
Cord arterial pH 7.28 + .05 7.16-7.38 
Cord arterial PCO% 51.3 + 3.0 47-60 
Cord arterial Po, 25.7 + 9.8 13-40 
Base excess —2.7 + 2.7 0.5-— 7.1 


contracting rhesus monkeys znd noted the develop- 
ment of fetal acidosis and hypoxemia. Ahokas et al." 
used a different calctum channel blocker, nifedipine, 
and found that blood flow was not significantly altered 
by nifedipine in the spontaneously hypertensive rat. 

There have been three reports of studies of the ef- 
fects of calcium channel blockers on the uteroplacental 
and umbilical circulations in hypertensive human preg- 
nancies. Cameron et al.” studied the effects of nicar- 
dipine when used for the acute reduction of blood pres- 
sure in patients with preeclampsia. There were no sig- 
nificant alterations in either the pulsatility index or 
resistance index of the uteroplacental or umbilical ves- 
sels within 60 minutes of a single oral dose of nicar- 
dipine. Lindow et al.” determined an index of utero- 
placental blood How by use of a radioisotope method. 
There was no significant change in the blood flow index 
after a single dose of nifedipine despite a significant 
fallin blood pressure. In addition, Hanretty et al.’° were 
unable to demonstrate a change in Doppler waveforms 
within 8 hours of a single 20 mg oral dose of nifedipine 
in nine pregnant women with proteinuric hyperten- 
sion. Recently Mari et al.’ performed Doppler studies 
of the uteroplacental and fetal circulations in patients 
with preterm labor who were treated with nifedipine 
for tocolysis. No significant difference was found in 
flow velocity waveforms 5 hours after the initial dose. 
The results of these studies sugzest that short-term 
nifedipine therapy does not influence fetal or utero- 
placental circulations. 

This study was designed to investigate the effects of 
long-term oral nifedipine therapy on the uteroplacental 
and fetal circulations in hypertensive pregnancies by 
means of the Doppler technique. In our study long- 
term oral nifedipine therapy was associated with a sig- 
nificant decrease in maternal blood pressure. We were 
unable to demonstrate a significant difference in the 
resistance indices between baseline and first postnife- 
dipine Doppler studies. In addition, when performed 
serially, there was no significant change in subsequent 
Doppler indices in any of the vessels studied. Although 
we were unable to demonstrate a change in resistance 
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as measured by the Doppler technique, it should be 
noted that there may still be a decrease in perfusion or 
flow to the vascular beds studied, based on a decrease 
in perfusion pressure to the uteroplacental circulation. 
This may not be manifested by a change in the Doppler 
resistance indices. Trudinger et al." compared Doppler 
flow velocity waveforms with microsphere blood flow 
data in the umbilical placental circulation after the ad- 
ministration of the vasodilator prostacyclin. They ob- 
served a fall in the systolic/diastolic ratio of the fetal 
umbilical artery as measured by the Doppler technique. 
However, measurements of the umbilical placental 
blood flow by the radioactive microsphere technique 
showed a decrease in umbilical placental blood flow. 
Their results were similar to those of Parisi and Walsh,” 
who demonstrated a fall in fetal mean arterial pressure 
during prostacyclin infusion. Placental blood flow de- 
creased, whereas vascular resistance was unchanged. 
Thus there could be a potential decrease in flow as a 
result of decreases in perfusion pressure. This could 
occur in the absence of alterations in resistance as mea- 
sured by the Doppler technique. However, increases in 
the resistance index and systolic/ diastolic ratio of utero- 
placental circulation (as measured by the Doppler tech- 
nique) have been associated with adverse pregnancy 
outcome. There were no significant changes in any of 
the vessels studied in response to treatment. This is 
further supported by the overall favorable perinatal 
outcome of the group. 

It should be noted that all pretreatment Doppler 
study results were normal for gestational age. In ad- 
dition, none of the pregnancies was complicated by 
signs of fetal growth failure or fetal compromise before 
the start of therapy, as determined by ultrasonographic 
measurements and biophysical testing. Thus the effect 
of long-term nifedipine therapy in hypertensive preg- 
nancies with such complications cannot be established 
by these data. However, it must be noted that four 
(20%) of the infants were small for gestational age at 
delivery, and none demonstrated a significant change 
in the Doppler waveforms in any of the vessels studied. 


In addition, no fetus had signs of fetal distress in the , 


antepartum period. 

It has been demonstrated in the lamb model that the 
fetus responds to hypoxemia and acidemia with a re- 
distribution of cardiac output from the splanchnic cir- 
culation that results in an increase in flow to the brain 
and heart. Low peripheral resistance in the nonhypoxic 
state is replaced by selective vasoconstriction mediated 
by a-adrenergic innervation to the gut, kidney, and 
lung.'”'® Our results show no significant change in the 
resistance index of the cerebral vessels or descending 
aorta. This lack of change suggests that there was no 
significant redistribution of cardiac output as a result 
of fetal hypoxemia. This is further supported by the 
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perinatal outcome in our study group; only one infant 
had an acidotic cord arterial pH at delivery. 

Plasma levels of nifedipine were performed at the 
time of Doppler studies. The first Doppler studies were 
performed 48 hours after the start of therapy to mea- 
sure flow velocity waveforms in the steady state. Dopp- 
ler studies were scheduled 1 hour after the midday 
dose. Maximum activity concentration in the serum are 
reached 1 to 2 hours after administration of nifedi- 
pine." Thus, although we regret that we cannot report 
the Doppler findings at initial peak serum levels, efforts 
were made to perform the Doppler studies at a time 
of maximum activity concentration, Maternal plasma 
nifedipine levels ranged from 10 to 90 ng/ml. Ther- 
apeutic effects of nifedipine have been reported with 
plasma values as low as 3 ng/ml. This demonstrates 
that nifedipine did not influence Doppler waveforms 
when present in the maternal circulation in therapeutic 
concentrations. This is further supported by the sig- 
nificant decrease in maternal blood pressure during 
therapy. 

We conclude that long-term oral nifedipine therapy 
in patients with preeclampsia effectively controls ma- 
ternal hypertension with no effect on fetal or utero- 
placental Doppler indices. Whether the same results 
can be obtained during the chronic use of nifedipine 
in pregnancies complicated by fetal growth failure or 
compromise remains to be established. 
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A ace effects of intravenous magnesium sulfate 
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To test the hypothesis that visual disturbances are more common during intravenous magnesium sulfate 
administration than at 1 to 4 days after discontinuation of the drug, 13 women underwent beoside 
neuroophthalmologic examinations during intravenous magnesium sulfate tocolysis at 2.0 to 3.0 gm/hr and 
again at 1 to 4 days after cessation of therapy. Visual symptoms were common during intravenous 
magnesium sulfate administration. Blurred vision was present in 12 of 13 patients and diplopia was 
present in 10 of 13 patients. Abnormal findings during neuroophthalmologic examination occurred in all 
patients during intravenous magnesium sulfate administration. Findings included ptosis, accommodative 
and convergence insufficiency, and abnormal pupillary responsiveness to light and near. All patients were 
symptom-free and had normal examinations after magnesium sulfate was discontinued. These findings 
suggest that visual disturbances with therapeutic magnesium sulfate are common. (Am J OBSTET GYNECOL 


1990;163:1848-52,) 


Key words: Magnesium sulfate, neuroophthalmology, visual disturbances 


Intravenous magnesium sulfate is routinely admin- 
istered in the United States to pregnant women with 
preeclampsia and eclampsia for seizure prophylaxis. 
Visual disturbances are sometimes seen in patients with 
preeclampsia and are considered a distinguishing cri- 
terion for severe disease.' In our population the most 
common visual symptoms associated with severe pre- 
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eclampsia include visual blurring and visual field de- 
fects.” Visual disturbances in preeclampsia may be due 


, to choroidal ischemia with serous retinal detachment 


(with or without evidence of other manifestations of 
hypertensive retinopathy) or cerebral vasospasm. How- 
ever, the neuroophthalmologic effects of intravenous 
magnesium sulfate also could be responsible for visual 
symptoms. This possibility was suggested to us by the 
high frequency with which we have encountered visual 
complaints in pregnant women on our service receiving 
intravenous magnesium sulfate tocolysis. Recent stud- 
ies have demonstrated that intravenous magnesium sul- 
fate is an efficacious and relatively safe tocolytic agent 
with visual complaints reported infrequently.*® Most 
patients with severe preeclampsia receive magnesium 
sulfate. As we were not certain which ophthalmologic 
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symptoms and signs were due to magnesium sulfate 
alone, we decided to test the hypothesis that patients 


receiving intravenous magnesium sulfate tocolysis have ` 


more frequent visual signs and symptoms than at | to 
4 days after discontinuation of the drug. The study 
design was approved by the Human Subjects Study 
Institutional Review Board of the University of Utah 
School of Medicine. Informed written consent was ob- 
tained from all patients before their entry to this study. 


Material and methods 


Patients admitted in premature labor to the Obstetric 
Service of the University of Utah Hospital between July 
1, 1987, and April 15, 1989, were evaluated. On our 
service tocolysis is generally recommended for women 
presenting in labor before 35 weeks’ gestation who have 
no maternal contraindications to continuing pregnancy 
and who have an appropriately grown, non-anomalous, 


immature, healthy fetus. Although B-sympathomimetic _ 


medications represent the usual initial tocolytic agent 
on our service, intravenous magnesium sulfate is oc- 
casionally used as the initial drug and may be given as 
an. alternative tocolytic drug if a patient does not re- 
spond to B-sympathomimetics or experiences unac- 
ceptable side effects. 

Our protocol for intravenous magnesium sulfate to- 
colysis is identical to that described by Dudley et al.® 
and consists of a 4.0 gm loading dose administered over 
15 to 20 minutes, followed by a continuous intravenous 
infusion pump administration of 2.0 gm/hr. If patients 
are clinically stable but require extended magnesium 
sulfate tocolysis, they may be transferred to the ante- 
partum ward if the dosage is =2.5 gm/hr. Higher levels 
require continued observation in the labor and delivery 
area. All patients receiving magnesium sulfate tocolysis 
on our service are assessed at least every 4 hours for 
routine vital signs, presence and nature of deep ten- 
don reflexes, and subjective complaints of weakness, 
nausea, fatigue, headache, visual disturbances, diffi- 
culty breathing, chest pain, confusion, and difficulty 
with concentration. 

Patients who were clinically stable yet required con- 
tinued intravenous magnesium sulfate tocolysis were 
approached for entry into the study. Criteria for ex- 
clusion included coexistent administration of other to- 
colytic drugs, evidence of regular uterine activity within 
the preceding 12 hours, a history or evidence of un- 
derlying renal disease, coexistent preeclampsia, or the 
requirement of >2.5 gm/hr of intravenous magnesium 
sulfate tocolysis. Additionally, patients with a precon- 
ceptional history of decreased vision or stabismus were 
excluded from the study. Thirteen women qualified 
and consented to our study. They ranged from 13 to 
35 years old (mean, 27.8 years). These patients were 
carefully interviewed during and after magnesium sul- 
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fate tocolysis. Specific questioning was done in regard 
to blurring at distance or near (monocular impairment 
of vision) and double vision (diplopia or binocular im- 
pairment of vision) at distance, near, or any particular 
gaze direction. Patients were also asked about scotomas 
or phosphenes. 

A bedside neuroophthalmologic examination was 
performed on each woman during intravenous mag- 
neslum sulfate administration (study examination). 
‘The entire examination was repeated 1 to 4 days after 
the medication was stopped (control examination). In 
this fashion each woman served as her own control. 
Specific details of the neuroophthalmologic examina- 
tion are available from the authors on request. 

Statistical analysis was performed with the x? analysis 
for discrete variables and Student's ¢ test, with the Yates 
correction, for continuous variables. Statistical signifi- 
cance was defined by a p value <0.05. 


Results 


Serum magnesium levels at the time of study ex- 
amination averaged 6.1 mg/dl, ranging from 4.7 to 7.4 
mg/dl. As listed in Table I, visual symptoms were com- 
mon in women receiving intravenous magnesium sul- 
fate tocolysis. Other non-visual-tract symptoms were 
also common at the study examination, although all 
symptoms had resolved by the time of control reex- 
amination. 

All patients had clinically normal deep tendon re- 
flexes, respiratory rates, and heart rates at study and 
control examinations. 

With the exceptions of the Amsler grid, visual fields, 
versions, and pursuits, visual signs were all significantly 
affected during intravenous magnesium sulfate tocol- 
ysis (Table I). All abnormalities returned to values con- 
sistent with those of normal, healthy young women at 
the time of control reexamination. l 


Comment 


Our protocol for magnesium sulfate tocolysis is iden- 
tical to that of previous reports and our average serum 
levels correlate well with the data of others.** These 
levels are also within the generally accepted therapeutic 
range for seizure prophylaxis in women with pre- 
eclampsia.’ 

The adverse effects of hypermagnesemia that are 
commonly discussed include decreased deep tendon 
reflexes, muscle weakness, respiratory depression, and 
cardiac arrhythmias. With the exception of muscular 
weakness, none of these adverse effects were encoun- 
tered, consistent with the previous observation that 
magnesium sulfate is associated with a low frequency 
of serious complications when carefully administered 
to appropriate candidates.’ 

In spite of our apparently similar drug administra- 
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Table I. Symptoms and signs in patients receiving intravenous magnesium sulfate tocolysis 


Study examination Control examination 
(N = 13) (N = 13) p Value 


Visual symptoms 


Blurred vision 12 0 <0.0001 
Diplopia 10 0 <0.0001 
Scotomas-phosphenes 0 0 — 
Photophobia 4 0 0.03 
Other symptoms 
Headache 1] 0 <0.0001 
Nausea 5 0 0.015 
Generalized weakness 3 0 0.06 
Impaired concentration-confusion 3 0 0.06 
Visual signs 

Abnormal visual acuity 5 0 0.015 
Abnormal visual fields 0 0 — 
Abnormal Amsler grid 0 0 — 
Heterophorias 10 l 0.005 
Abnormal versions 0 0 — 
Abnormal pursuit 0 0 — 
Hypometric saccade 10 0 <0.0001 
End-gaze nystagmus 10 l 0.005 
Pupillary responsiveness {mm) : 

To light 0.5 (Range — 0.1-1.0) 1.1 (Range 0.&-1.7) 0.002 

To best near effort 0.4 (Range 0.1-1.0) 1.4 (Range 0.3-3.1) 0.0001 
Remote NPA (cm) 

OD 14.2 (Range 9-19) 6.6 (Range 4-11) <0.0001 

OS 14.7 (Range 9-24) 6.8 (Range 4-11) <0.0001 
Marginal reflex distance 3.8 (Range 2.5-5.3) 5.3 (Range 4.0-6.5) 0.02 
Fusional convergence amplitudes 

(diopter) 

Distance 6.7 (Range 4-14) 12.2 (Range 4-18) 0.005 

Near 8.3 (Range 2-18) 23.0 (Range &-40) 0.002 
Fusional divergence amplitudes 

(diopter) 

Distance 6.1 (Range 4-9) 8.2 (Range 4-18) 0.01 

Near 7.7 (Range 2-12) 15.4 (Range 6-25) 0.004 


NPA, Near point of accommodation; OD, right eye; OS, left eye. 


tion protocol, we have encountered a much higher in- 
cidence of visual signs and symptoms than have other 
investigators. Hollander et al.* reported a finding of 
diplopia in only two of 33 patients and no other adverse 
visual effects, and other recent evaluations’® did not 
report any adverse visual signs or symptoms. 

Our patients experienced frequent visual complaints 
(blurred vision, double vision) during a magnesium sul- 
fate tocolysis protocol where the dose was similar to 
that of the aforementioned authors. It is unclear why 
we should have such different findings, although the 
possibility certainly exists that specific questioning may 
have increased the incidence of positive responses. 

We found a consistent pattern of neuroophthalmo- 
logic abnormalities during intravenous magnesium sul- 
fate administration. The most striking finding was bi- 
lateral symmetric ptosis. Levator function was normal, 
suggesting a supranuclear mechanism. 

Fusional convergence amplitudes were less than half 
of control measurements. A less dramatic, but signifi- 
cant finding was the decrease in fusional divergence 
amplitudes during magnesium sulfate administration. 


The fact that both convergence and divergence am-. 
plitudes were diminished in the setting of grossly nor- 
mal versions also speaks for a supranuclear disturbance 
in the control of motor fusion. 

We found that the majority of our patients had an 
exodeviation at near. This. combined with poor fu- 
sional convergence amplitudes, defined convergence 
insufficiency in our patients. This is also a presumably 
supranuclear disturbance. Additionally, all patients had 
a remote near point of accommodation and therefore 
had an accommodative insufficiency. The accommo- 
dative insufficiency could result from either a supra- 
nuclear or a peripheral site of dysfunction. 

We hypothesize that intravenous magnesium sulfate 
causes neuroophthalmologic dysfunction and that both 
central and peripheral mechanisms may be involved. 
The abnormalities of convergence, accommodation, 
and pupillary testing also suggest both central and pe- 
ripheral mechanisms. Further studies will be required 
to determine what proportion of these changes is me- 
diated by peripheral effects of magnesium sulfate on 
the myoneural junction and what proportion might be 
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Fig. 1. Standardized Polaroid photographs of the same woman (A) while receiving intravenous 
magnesium sulfate tocolysis and (B) at control reexamination (after intravenous magnesium sulfate 


tocolysis). 


mediated via central effects. Such studies might also 
provide valuable insights into the potential anticon- 
vulsant effects of magnesium sulfate. 

We have presented the ophthalmologic symptoms 
and signs of intravenous magnesium sulfate adminis- 
tration. It is well known that visual symptoms can de- 
velop in women with severe preeclampsia and eclamp- 
sia and that this may indicate worsening of the condi- 
tion. As these women are treated with magnesium 
sulfate, it is important to differentiate the visual com- 
plaints from worsening of disease from those of intra- 
venous magnesium sulfate therapy. We have previously 
found that women with severe preeclampsia and/or 
eclampsia complain primarily of scotomas (both posi- 
tive and negative) and/or segmental visual blurring,” 


unlike the complaints of blurred vision and diplopia 
found in this study. These symptoms were frequently 
due to associated serous retinal detachments and cho- 
roidal infarctions that were not present in the patients 
in this study. The Amsler grid has been found to be of 
value in identifying women with preeclampsia who 
have scotomas and has not demonstrated any abnor- 
malities in women undergoing magnesium sulfate to- 
colysis. 

We have demonstrated visual symptoms and signs 
associated with intravenous magnesium sulfate admin- 
istration. Magnesium sulfate produces blurred vision 
and/or diplopia but is not associated with scotoma or 
phosphenes. Although blurred vision may be seen in 
preeclampsia, abnormalities or Amsler grid testing are 
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more common. This is important to understand, since 
the obstetrician can usually differentiate between the 
two by history and simple bedside examination tech- 
niques, to make appropriate management decisions. 
While obstetricians may not be conversationally familiar 
with all of the definitions and procedures presented in 
this manuscript, these definitions and procedures rep- 
resent standard ophthalmologic practice. It is impor- 
tant that obstetricians be aware of the visual abnor- 
malities produced by magnesium sulfate because these 
abnormalities are common and obvious to careful ob- 
servation. 
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Low-dose aspirin 


II. Relationship of angiotensin II pressor responses, circulating 


eicosanoids, and pregnancy outcome 


Charles E. L. Brown, MD, Norman F. Gant, MD, Kay Cox, MT(ASCP), Bernard Spitz, MD, 
Charles R. Rosenfeld, MD, and Ronald R. Magness, PhD 


Dallas, Texas 


Forty pregnant women (28 to 32 weeks’ gestation} were given low-dose aspirin therapy (81 mg/day) from 


the time of enrollment until delivery; circulating eicosanoid levels and angiotensin || pressor responses 
were measured before and after 1 week of aspirin therapy. Subsequent clinical outcome was correlated 
with these results. All women had significant reductions in serum and plasma thromboxane B, levels with 
aspirin treatment (p < 0.01). Eleven women who remained sensitive to the pressor effects of angiotensin 
ll (effective pressor dose < 10 ng/kg/min) after 1 week of low-dose aspirin treatment exhibited significant 
decreases (p < 0.05) in plasma 6-keto-prostaglandin F,, (264 + 119 vs 161 +-31 pg/ml, mean + SD) 
and prostaglandin E, (476 + 174 vs 351 + 112 pg/ml) levels. In contrast, patients who were either 
nonsensitive ‘refractory) to angiotensin I] {n = 18; 210 ng/kg/min) before aspirin or became nonsensitive 
after aspirin administration (n = 11) had no change in either plasma 6-keto-prostaglandin F,,, or 
prostaglandin E, concentrations. The occurrence of pregnancy-induced hypertension was 100% in the 
women who remdined angiotensin II sensitive during aspirin therapy as compared with 36% and 39% in 
the other two groups (x? = 16.14; p < 0.001). Thus during low-dose aspirin therapy a failure to develop 
refractoriness to infused angiotensin || is associated with a nonselective inhibition of eicosanoids and the 
almost certain development of pregnancy-induced hypertension. These observations may reflect a basic 
defect in vascular adaptation to pregnancy. (AM J Osstet GYNECOL 1990;163:1853-61.) 


Key words: Low-dose apsirin, preeclampsia, angiotensin II, pressor responses, 


prostaglandins, blood pressure control 


Normal pregnancy is associated with a decrease in 
the systemic pressor response to infused angiotensin 


I1. In contrast, women either with or destined to have - 


pregnancy-induced hypertension are sensitive to this 
vasoconstrictor.” > Prostaglandins*® and, more specif- 
ically, a balance between prostacyclin and thrombox- 
ane A, may be contributing factors in the control of 
vascular refractoriness to the pressor effects of infused 
angiotensin II.’° Since thromboxane A, has potent 
vasoconstrictive and platelet aggregating actions and 
is released by circulating platelets, platelet- and/or 
cyclooxygenase-inhibiting drugs have been used in re- 
cent clinical trials to prevent preeclampsia. Such ther- 
apy has been reported to be clinically beneficial." 
For example, in a randomized placebo-controlled study 
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Wallenburg et al.'? used low-dose aspirin therapy in 
a group of angiotensin II—sensitive primigravid wo- 
men and observed a decrease in the occurrence of pro- 
teinuric hypertension (preeclampsia). However, treat- 
ment failures have been reported in each of these stud- 
ies.''"5 Recently, Spitz et al.“ reported that low-dose 
aspirin therapy (81 mg/day) dramatically increased the 
prostacyclin/thromboxane A, ratio in the plasma of 
angiotensin II pressor—sensitive women and that this 
was associated with partial restoration of angiotensin 
II pressor refractoriness in some (53%) but not all of 
these women; that is, we observed a heterogeneous an- 
giotensin II pressor response after 1 week of low-dose 
aspirin therapy. Because of the small numbers of pa- 
tients stratified into the various angiotensin I1—sensitive 
and nonsensitive subpopulations after low-dose aspi- 
rin therapy, we did not report data regarding clinical 
outcome." 

Although we" and others'*'® have demonstrated that 
low-dose aspirin therapy results in decreased sensitiv- 
ity to infused angiotensin I in most pregnant women, © 
these infusions are time-consuming, are invasive, and 
have the theoretic risk of causing a hypertensive emer- 
gency in women who might be exquisitely pressor sen- 
sitive. Thus large clinical trials involving low-dose as- 
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pirin therapy are being conducted currently in unse- 
lected populations. In the present study we adminis- 
tered low-dose aspirin throughout the third trimester 
of pregnancy and after. 1 week we evaluated the effect 
of such therapy on circulating eicosanoids and angio- 
tensin II pressor responsiveness in both angiotensin II 
pressor—sensitive and nonsensitive women; we also cor- 
related’ these responses with subsequent clincial out- 
come. The hypothesis tested was that women who were 
. sensitive to infused angiotensin IJ and remained sen- 
sitive to this pressor agent during low-dose aspirin ther- 
apy would. have significant decreases in prostacyclin 
and pregnancy- -induced hypertension- would develop 
subsequently. : 


Material and methods 


In this study aspirin (81 mg) was administered daily 
throughout the third trimester of pregnancy to wo- 
men who were not sensitive to the pressure effects of 
angiotensin II (normal; n = 18) and women who were 
sensitive (future hypertensive; n = 22). Sensitivity to 
angiotensin II was defined as -a pressor dose < 10 
ng/kg/min; refractoriness was-defined as a pressor 
dose = 10 ng/kg/min.* “ After 1 week of therapy, we 
evaluated changes in (1) the minimum amount of an- 
giotensin H per kilogram’ per minute required to in- 
crease diastolic blood pressure 20 mm Hg (the effective 
‚pressor dose of angiotensin II), (2) the concentrations 
of thromboxane A, measured as the stable metabolite 
thromboxane B, in serum and plasma, (3) the plasma 
| prostacyclin measured as the stable metabolite 6-keto- 
prostaglandin F,,, and (4) plasma prostaglandin E,. An- 
giotensin II pressor responses were measured in 18 
nonsensitive women who served as controls; this was 
done to assess the effects. of low- dose aspirin therapy 
.on angiotensin II pressor responses, as well as circu- 
-lating eicosanoids in normal pregnancies. The patients 
recruited for this study were nulliparous women from 
the antepartum clinics of Parkland Memorial Hospital, 
who were enrolled after exhibiting a positive ‘rollover 
test. Some subjects also were recruited from women 
hospitalized with early-onset pregnancy- -induced hy- 
- pertension. In these women blood pressures had re- 
turned to normal ranges after being placed at bed rest. 
Candidates were excluded if they had a history of inges- 
tion of any drugs other than iron supplementation or 
of chronic hypertension, heart disease, or diabetes. 
Prostaglandin data from 12 of the angiotensin II- 
sensitive women have been reported previously"; how- 
ever, an additional aliquot of plasma and serum ob- 
tained from these women was assayed with the speci- 
` mens obtained from the angiotensin II refractory 
women to decrease interassay variability. The women 
were included in the present study if they met these 
criteria: nulliparity, documented aspirin ingestion for 
the remainder of the pregnancy, and additional ali- 
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quots of blood that were available for prostaglandin 
assays. This study was approved by the institutional 
review board for human experimentation at The Uni- 
versity of Texas Southwestern Medical Center. 

The angiotensin II sensitivity test was performed as 
described previously.’ Subjects were placed in the left 
lateral recumbent position in a quie: room. Blood pres- 
sure and heart rate were automatically measured from 
the right arm every 5, minutes with an automatic blood 
pressure: cuff (Dinamap 1846 $X/P, Critikon, Inc., 
Johnson & Johnson, Tampa). After stabilization of the 
diastolic blood pressure for 15 minutes, an intravenous 
infusion was started in the left arm. Blood specimens 
for prostaglandin assays were collected as described be- 
low. After blood collection, the tubing was connected 
to an infusion pump with a syringe containing angio- 
tensin II amide (1000 ng/ml in 0.9% sodium chloride, 
Ciba-Geigy Pharmaceuticals). The initial dose was 1 to 
2 ng/kg/min; this was gradually increased at 5-minute 
intervals. The test was stopped after the diastolic blood 
pressure increased 20 mm Hg or if the dosage rate 
exceeded 40 ng/kg/min. After completion of the dose- 
response test and after blood pressures had returned 
to baseline values, the effective pressor dose of angio- 
tensin II was infused again to confirm the pressure 
effect with that dose. The results in all studies were 
identical to the first pressor dose response. 

After blood collection and the determination of an- 
giotensin II sensitivity, the women were given a bottle | 
of seven “baby” aspirin (81 mg) and instructed to take 
one aspirin. daily for 1 week, at which time they were 
to return for a repeat examination. On return, pills 
were counted to confirm use. Those women in the hos- 
pital received aspirin as a daily medication. The pro- 
cedures described above for blood collection and sen- 
sitivity to angiotensin II were repeated after 1 week of 
aspirin therapy. The women remained on daily low- 
dose apsirin therapy until the end of pregnancy. The 
remainder of pregnancy and labor and delivery were 
managed by obstetric house staff under the supervision 
of faculty. not involved with this study. Clinical data 
regarding the outcome of the pregnancy, gestational 
age at delivery; Apgar scores, and birth weights were 
recorded. Pregnancy-induced hypertension -was de- 
fined as the measurement of two diastolic blood ‘pres- 
sures = 90 mm Hg recorded at least 6 hours apart. 
Preeclampsia was defined as pregnancy-induced hy- 
pertension with the presence of proteir.uria (at least 
1+) ona voided urine specimen. Severe preeclampsia 
was defined as a diastolic blood pressure = 110 mm Hg, 


-and/or proteinuria (2+), and/or laboaratory evidence 


of end-organ damage.” 

Prostaglandin assays. Serum concentrations of 
thromboxane Bə, which were reflective of platelet- 
derived thromboxane A., were obtained from blood 
samples after clotting (45 minutes at room tempera- 
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Table I. Initial clinical characteristics of nulliparous women undergoing angiotensin II infusion 


Sensitive-senstlive 





Age (yr) 18.8 + 1.5 (n = 18) 
Gestational age at Ist 30.3 + 2.8 (n = 18) 
angiotensin IJ infu- 
sion (wk) 
Weight (kg) 68.0 + 12.7 {n = 18) 
Blood pressure 
(mm Hg) 
Systolic , 98.1 + 6.9 (n = 18) 
Diastolic 49.7 + 5.5 (n = 18) 
Heart rate (beats/min) -87,1 + 5.8 (n = 16) 


19.5 + 3.7 (n = 11) 18.6 + 3.2 (n = 11) 
31.3 + 2.6 (n = 11) © 39.5 + 1.6 (n = 11) 
65.3 + 11.8 (n = 11) 80.3 + 13.6 (n = 11} 
106.5 + 1l.i(@m= 11) 119.2 + 9.5 (n = 11} 
57.3 + 9.8 (n = 11) 59.4 + 8.2 (n = 11) 
80.4 + 11.6 (n = 8}? 75.1 + 7.0 (n = 11) 


Patients are grouped according to pressor responses to angiotensin II. Values are means + SD. Numbers in parentheses are 
numbers of observations. Means with different superscripts (a,b) are different (p < 0.05). 


ture) and were used as an indication of therapy com- 
pliance. All patients had a fall in serum thromboxane 
Bz levels of >60%. The assay for serum thromboxane 
B, has been described previously. All samples were 
assayed in duplicate. 

Blood samples (6.0 ml) for plasma prostanoids were 
obtained before initiation of the intravenous angio- 
tensin II infusion, drawn into chilled syringes, trans- 
ferred immediately to chilled tubes containing ethyl- 
enediaminetetraacetic acid (4.2 mg) and aspirin (0.3 
mg), centrifuged at 5° C, and stored at — 20° C until 
extraction, column chromatography, and radioimmu- 
noassay. The method for measurement of plasma pros- 
taglandins has been described and validated previously 
in our laboratory.” l 

Statistical analysis. All data are expressed as the 
mean + 1 SD. Comparisons between groups were per- 
formed by the Student ¢ test for paired and unpaired 
data or one-way analysis of variance, as appropriate. 
Nonparametric comparison between groups was per- 
formed by x? or Fisher’s exact test. | 


Results 


Forty nulliparous women were enrolled and under- 
went angiotensin II infusions. Eighteen women were 
classified initially as nonsensitive (refractory) to angio- 
tensin II whereas 22 women were sensitive to the an- 
giotensin II infusion at the start of the study. These 
22 women were further subdivided on the basis of 
the subsequent angiotensin II pressor response eval- 
uated after 1 week of low-dose aspirin therapy. Af- 
ter 1 week of low-dose aspirin therapy, if the an- 
giotensin II effective pressor dose equalled or ex- 
ceeded 10 ng/kg/min, 1.e., they became nonsensitive, 
they were grouped as angiotensin II-—sensitive wo- 
men responding favorably to aspirin therapy (sensitive- 
nonsensitive). There were 11 women in this group, 
five of whom had eicosanoid data reported previ- 
ously. After 1 week of low-dose aspirin therapy, if the 
angiotensin [I sensitivity remained <10 ng/kg/min, 


they were classified as angiotensin I]—sensitive women 
who were unresponsive to aspirin therapy (sensitive- 
sensitive). There were 11 women in this group, seven 
of whom had prostaglandin data reported previously." 

Listed in Table I are the clinical data for the three 
groups of pregnant women at the start of this study. 
All women were nulliparous and were of similar age 
and gestation at the start of the study. The angioten- 
sin [I—sensitive women who remained sensitive to the 
pressor effects of angiotensin II after 1 week of low- 
dose aspirin weighed 12 to 15 kg more than either 
of the other two groups (p < 0.05). Furthermore, the 
nonsensitive patients enrolled into this study had lower 
blood pressures and higher heart rates than the sen- 
sitive patients (p < 0.05). Women who became nonsen- 
sitive after 1 week of low-dose aspirin had an inter- 
mediate heart rate., 

Platelet-derived serum thromboxane B, levels, an in- 
dicator of therapy compliance, fell markedly and sim- 
ilarly in all subjects in each group after 1 week of low- 
dose apsirin therapy [nonsensitive, 1084 + 541 to 89 + 
63 pg/ml (92%); sensitive-nonsensitive, 1154 + 746 to 
79 + 64 pg/ml (93%); sensitive-sensitive, 1655 + 1780 
to 196 + 229 (88%) pg/ml; p < 0.01]. Plasma throm- 
boxane B, and 6-keto-prostaglandin Fa, the stable me- 
tabolites of thromboxane A, and prostacyclin, respec- 
tively, as well as plasma prostaglandin E», also were 
measured. Before the start of aspirin therapy, the con- 
centrations of each of these eicosanoids were similar 
in the three groups of patients subsequently strati- 
fied according to angiotensin II pressor sensitivity. The 
changes in these eicosanoids after 1 week of low-dose 
aspirin therapy are illustrated in Figs. 1, 2, and 3, re- 
spectively. Plasma thromboxane B, declined 61%, 60%, 
and 67% in the three study groups, respectively (Fig. 
1). These changes in plasma and serum thromboxane 
Ag levels after low-dose aspirin therapy were not sig- 
nificantly different among any of the three groups. 
Plasma 6-keto-prostaglandin F,, levels were unchanged 
after 1 week of low-dose apsirin treatment in the non- 
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Fig. 1. Plasma concentrations of thromboxane B, in women who were sensitive or not sensitive to 


angiotensin II before and after low-dose aspirin t 


aspirin. 
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Fig. 2. Plasma concentrations of 6-keto-prostaglandin F,, in women who were sensitive or not sensi- 
tive to angiotensin H before and after low-dose aspirin therapy. Double asterisks, p = 0.016 versus 


before asprin. 


sensitive (142 = 82and 126 + 47 pg/ml) and sensitive- 
nonsensitive. (193 + 82 and 189 + 27 pg/ml) wo- 
men; however, in the sensitive-sensitive group, plasma 
6-keto-prostaglandin F,, levels decreased 39%, from 
264 + 119 to 161 + 31 pg/ml (p< 0.05; Fig. 2). 
As observed with the prostacyclin metabolite, prosta- 
glandin E, also was unchanged in the nonsensitive 
and sensitive-nonsensitive study groups; however in 
the sensitive-sensitive women levels were reduced an 
average of 26% (476 + 173 to 351 + 111 pg/ml, p< 
0.038) after 1 week of low-dose aspirin therapy (Fig. 


” 


3). One week of low-dose aspirin therapy increased 
the ratio of 6-keto-prostaglandin F,,/thromboxane 
B, in the nonsensitive (0.57 + 0.24 to 1.23 + 0.48), 
sensitive-nonsensitive (0.87 + 0.65 to 3.47 + 3.09), 
and sensitive-sensitive (0.3 + 0.46 to 2.17 + 2.98) pa- 
tients (p < 0.001). This difference was greatest in the 
angiotensin I1 patients who became nonsensitive after 
1 week of low-dose aspirin therapy. 

The effective pressor dose of angiotensin H and’ 
clinical outcomes for all groups are shown in Fig. 
4. The mean effective pressor dose of angiotensin 
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Fig. 3. Plasma concentrations of plasma prostaglandin E; in women who were sensitive or not sensitive 
to angiotensin II before and after low-dose aspirin therapy. Asterisk, p < 0.038 versus before aspirin. 


II in the nonsensitive women was identical before 
and after 1 week of low-dose aspirin therapy (25.5 + 
10.6 and 25.5 = 10.6 ng/kg/min) (Fig. 4, A). Among 
these 18 patients, pregnancy-induced hypertension ul- 
timately developed in seven (39%): four with mild dis- 
ease (22%), two with preeclampsia (11%), and one with 
severe pregnancy-induced hypertension (6%). In the 
sensitive-nonsensitive group (Fig. 4, B), 6.3 + 2.5 
ng/kg/min was required initially to elicit the angio- 
tensin IT presser response; 18.1 + 7.9 ng/kg/min was 
required after aspirin therapy. Among these 11 pa- 
tients, pregnancy-induced hypertension developed in 
four (36%): one with mild disease (9%), two with pre- 
eclampsia (18%), and one with severe pregnancy- 
induced hypertension (9%). In contrast, among the 11 
women who were sensitive to the pressor effects of 
angiotensin II both before and after aspirin therapy 
(Fig. 4, C; 5.0 + 2.5 and 4.7 + 1.9 ng/kg/min, re- 
spectively) pregnancy-induced hypertension developed 
in all 11 women: four with mild disease (36%), two with 
preeclampsia (18%), and five with severe pregnancy- 
induced hypertension (45%). There was no difference 
in the occurrence of hypertension between the non- 
sensitive group (6/18) and the sensitive-nonsensitive 
group (4/11); however, there was a significant in- 
crease in the occurence of hypertensive complica- 
tions in the sensitive-sensitive group (11/11) (x? = 
16.14; p < 0.001) as compared with the other two 
groups. 

Neonatal outcome data stratified by maternal an- 
giotensin If pressor sensitivity are shown in Table II. 
There were no perinatal deaths and no birth weights 
below the 10th percentile for gestational age. Birth 
weights were lower among women who remained an- 


giotensin I] sensitive after aspirin therapy as compared 
with the other two groups (p < 0.05). The gestational 
age at delivery for women who were initially sensitive 
to angiotensin II was less than that of the nonsensitive 
women (p < 0.05). 

We also evaluated whether the relationships de- 
scribed above for the serum and plasma eicosanoids in 
the three subpopulations of women also were observed 
when the data were stratified post hoc by the final clin- 
ical outcome (Table II). As expected, both serum and 
plasma thromboxane B, levels were decreased after 
1 week of low-dose aspirin therapy in the patients 
who were normotensive and hypertensive at the end 
of gestation (p < 0.01). Although the plasma 6-keto- 
prostaglandin F,, values were similar in the normo- 
tensive and hypertensive patients, aspirin decreased 
plasma 6-keto-prostaglandin F,, concentrations 21% 
only in those women in whom hypertension subse- 
quently developed (p < 0.05). The ratio of 6-keto- 
prostaglandin F,,/thromboxane B, was increased 181% 
and 198%, respectively in the normotensive and hy- 
pertensive study groups (p < 0.01). The decrease in 
prostacyclin metabolite was not specific since prosta- 
glandin E, also was decreased by 25% only in the 
women who were subsequently diagnosed with hyper- 
tension (p < 0.05). 


Comment: 


Low-dose aspirin therapy has been reported to de- 
crease the occurrence of proteinuric hypertension and 
to have a beneficial effect on the clinical outcome in 
many but not all pregnancies.''' It has been suggested 
that the control of normal vascular refractoriness to 
angiotensin H in pregnancy and the loss of this re- 
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Fig. 4. Effective pressor dose and clinical outcome in women who were sensitive or not sensitive to 
angiotensin II before and after low-dose aspirin therapy. The occurrence of hypertensior. was (A) 
nonsensitive, 7 of 18; (B) sensitive-nonsensitive, 4 of 11; (C) sensitive-sensitive, 11 of 11 (x? = 16.14, 


p < 0.001). 


fractoriness in women with pregnancy-induced hyper- 
tension may be the consequence of changes in the pro- 
duction of vascular prostaglandins'*® and, specifically, 
changes in the ratio of prostacyclin/thromboxane A,.° 
In our initial report the effect of low-dose aspirin (81 
mg/day) on the pressor response to angiotensin II was 
ascertained and related to levels of circulating eicosa- 
noids.'' The results of the present study are consistent 
with the view and are an extension of our prior ob- 
servations,’ with additional nulliparous patients, that 
there is a heterogeneity of pressor responses to infused 
angiotensin II during low-dose aspirin therapy. More- 
over, unlike our previous study" we now present data 
that this heterogeneity is related to subsequent preg- 
nancy outcome. In our previous report too few patients 
were studied either to evaluate pregnancy outcome or 
to stratify and report these data according to angio- 
tensin II pressor sensitivity. One objective of the cur- 
rent study therefore was to expand the number of nul- 
liparous women evaluated to determine clinical out- 
come. The second objective was to access the effect(s) 
of low-dose aspirin therapy in normal pregnant women 
who were refractory to angiotensin II, since there are 
clinical trials of low-dose aspirin therapy presently be- 
ing conducted in large unselected populations. 

_ The clinical outcome for nulliparous women who 
were initially sensitive to the pressor effects of angio- 
tensin II and remained sensitive was not improved 
by low-dose aspirin treatment (Fig. 4, C). Specifically, 


100% of the women who were sensitive to angiotensin 
II both before and after 1 week of low-dose aspirin 
subsequently had hypertensive complications. These 
women also had earlier delivery, and thus their neo- 
nates had lower birth weights. In addition to the 
differences in the pharamcologic and physiologic re- 
sponses and clinical outcome of this subpopulation of 
women as compared with the two other groups, the 
eicosanoid responses to low-dose aspirin therapy also 
were different. As expected, plasma and serum throm- 
boxane By, levels were inhibited in all three groups, 
demonstrating therapeutic compliance; however, only 
in the sensitive-sensitive group were both plasma 6- 
keto-prostaglandin F,, and prostaglandin E, values also 
decreased. Inhibition of 6-keto-prostaglandin F,, pro- 
duction has been reported by others.'* '* The obser- 
vation that the prostacyclin metabolite and prostaglan- 
din Es were decreased significantly only in the women 
who remained angiotensin II sensitive after 1 week of 
low-dose aspirin therapy might be explained by differ- 
ences in the metabolic clearance rate and/or the ap- 
parent volume of distribution of the aspirin. However, 
our observation that plasma thromboxane B, was de- 
creased to a similar extent in all tnree groups argues 
against the hypothesis that changes in the metabolic 
clearance rate might account for this phenomenon. Ev- 
idence against there being a difference in the apparent 
volume of distribution is obtained from the observa- 


on that, although the women in the sensitive-sensitive 
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Table II. Neonatal outcome stratified by maternal angiotensin I] sensitivity 


Nonsensitive® Sensitive-nonsensilive 


Sensitive-sensitive* 





Gestational age at 39.5: 1.58 
delivery (wk) 
Birth weight (gm) 3196 + 5937 


37.2 + 3.3° 35.6 + 2.6> 


2831 + 778° 2183 + 490° 


Values are means + SD. Means with different superscripts (a, b) are different (p < 0.05). 


*There was one set of twins in each of these groups. 


Table III. Eicosanoid concentrations after 1 week of low-dose aspirin therapy in serum and plasma from 
pregnant women who became normotensive and hypertensive 


Normotensive (n = 16) 


Serum thromboxane B, 1430 + 1161 
Plasma thromboxane By 338 + 165 
6-Keto-prostaglandin F,, 175 + 113 
Prostaglandin Es 360 + 173 
6-Keto-prostaglandin 0.52 + 0.22 


F,,/thromboxane B, 


Values are means + SD. 
*p < 0.001, versus control. 
tp < 0.05, versus control. 
tp < 0.01, versus control. 


treatment group weighed 18% to 23% more than those 
in the other two groups, the plasma thromboxane B, 
levels were decreased similarly, and only in the heavier 
group were there decreases in 6-keto-prostaglandin F,, 
as well as prostaglandin E,. An alternative hypothesis 
is that the cyclooxygenase enzyme sensitivity to aspirin 
of the women in the sensitive-sensitive group is greater 
than that in the other two groups. It is also possible 
that the ability of the tissues to synthesize new cycloox- 
ygenase enzyme after the irreversible inhibition by as- 
pirin is different in the women who remained sensitive 
to angiotensin ÍI. 

After 1 week of low-dose aspirin therapy, 50% 
of sensitive women became refractory to the pressor 
effects of infused angiotensin II, ie., the sensitive- 
nonsensitive subgroup (Fig. 4, B). Although inhibition 
of serum and plasma thromboxane B, was similar in 
all three groups, plasma levels of 6-keto-prostaglandin 
Fia and prostaglandin E, were unaltered after 1 week 
of low-dose aspirin. Furthermore, those angiotensin 
II—sensitive patients who became refractory to the 
pressor effects of angiotensin II after 1 week of low- 
dose aspirin therapy had improved clinical outcomes; 
that is, their pregnancies were less likely to be compli- 
cated by hypertension and they were delivered nearer 
to term. Although the occurrence of hypertension in 
this group, four of 11 (36%), was significantly less than 
that in the nonresponders (sensitive-sensitive), it was 
higher than expected from previous reports of similarly 
selected patients’ or a population mixed with multi- 


Hypertensive (n = 18) 


Aspirin 
103 + 72* 1307 + 1266 135 + 165* 
132 + 59* 288 + 187 102 + 55* 
153 + 80 202 + 111 154 + 327 
367 + 186 390 + 203 294 + 1307 
1.46 + 1.42t 0.88 + 0.53 2.62 + 0.85ł 


parous women.” The reason(s) for this is unclear but 
may be explained in part by the fact that low-dose as- 
pirin therapy in the current study was instituted later 
in pregnancy in these women with positive rollover test 
results and in some women only after the onset of mild, 
transitory hypertension. Other factors such as the dose 
of aspirin (81 vs 60 mg),” population differences, a 
combination of the above, or as yet unidentified factors 
might also have contributed to this result. 

There was one notable exception to the above, a 15- 
year-old Hispanic woman who had been admitted for 
in-hospital bed rest because of transient hypertension 
and subsequently left against medical advice. Blood 
pressure had normalized (107/56 mm Hg) before her 
first angiotensin II infusion; the effective pressor dose 
was 9.8 ng/kg/min at 31 weeks’ gestation and increased 
to 29.2 ng/kg/min after 1 week of low-dose aspirin 
therapy. While in the hospital and receiving aspirin 
therapy, normal blood pressure readings were main- 
tained. She left the hospital at 35 weeks’ gestation and 
discontinued aspirin. She returned 15 days later in a 
postictal condition with a blood pressure of 170/120 
mm Hg and proteinuria (2 +). The diagnosis of eclamp- 
sia was made and she had one more seizure before 
delivery. The effect of discontinuing aspirin therapy 
on eicosanoid production and clinical outcome is un- 
known, and unfortunately blood specimens were not 
obtained after her return to the hospital. 

A relatively high occurrence of hypertensive com- 
plications (39%) was observed among the women who 
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were outpatients without evidence of incipient hyper- 
tension. Although these women were enrolled in the 
study after a positive rollover test result, they were re- 
fractory to infused angiotensin I]. Although there was 
no change in the effective pressor dose of angiotensin 
II among these women as a group (Fig, 4, A), those 
who became more sensitive to the pressor effects of 
angiotensin II after aspirin therapy but still required 
210 ng/min/kg had an 80% occurrence (4/5) of hy- 
pertension. There was one exception worth noting. 
This woman had an effective pressor dose of angio- 
tensin II that increased from 17.5 to 35 ng/kg/min 
after 1 week of low-dose apsirin; despite this increased 
refractoriness to infused angiotensin II, severe pree- 
clamspia developed. It is unclear what differentiates 
these women from the others in this group. They may 
represent instances of noncompliance after the last 
study period. Since pregnancy-induced hypertension 
developed in seven of 18 (39%) initially nonsensitive 
patients, an observation not anticipated, it is possible 
that there may be some as yet undescribed adverse 
effects from low-dose aspirin treatment in normal 
gravid women. Nevertheless, this group of women did 
have significantly longer overall gestations than those 
initially sensitive to angiotensin II. 

In addition to the prehoc stratification of the eicos- 
anoid data on the basis of angiotensin II sensitivity, we 
also performed a post hoc stratification of the data on 
the basis of whether these women became hypertensive 
by the end of pregnancy (Table III). We observed sim- 
ilar relationships as noted earlier, i.e., both groups had 
similar and dramatic falls in serum and plasma throm- 
boxane B, levels, confirming therapeutic compliance; 
however, only in those women in whom hypertension 
subsequently developed did significant decreases in 6- 
keto-prostaglandin F,, (21%) and prostaglandin E, 
(25%) concentrations occur. The 6-keto-prostaglandin 
F ../thromboxane Bə ratio has been suggested to be an 
important factor in, or marker of, pregnancy-induced 
hypertension.*®* '* When we examined the changes in 
this ratio in the plasma of women in the three study 
groups on the basis of angiotensin I sensitivity before 
and during low-dose aspirin therapy, it was increased 
116% in the nonsensitive, 299% in the sensitive- 
nonsensitive, and 171% in the sensitive-sensitive pa- 
tients after 1 week of low-dose aspirin therapy. This 
rise was greatest in those women who became nonsen- 
sitive after 1 week of low-dose aspirin therapy whether 
they did or did not subsequently become hypertensive. 
However, the relative increase in the ratio after 1 week 
of low-dose aspirin therapy was similar when stratified 
according to the subsequent development of hyperten- 
sion, i.e., normotensive (181%) or hypertensive (198%) 
(Table HI). Thus this greater effect of low-dose as- 
pirin therapy to increase this ratio in the sensitive- 
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nonsensitive group appeared to occur concomitantly 
with the changes in the effective pressor dose of an- 
giotensin II rather than as a predictor of the future 
hypertensive complications. 

The relationship observed in this study among dif- 
ferences in vascular reactivity, different patterns of 
prostaglandin response to low-dose apsirin, and clinical 
outcome is suggestive of a related, underlying patho- 
physiologic phenomenon. An attractive single hypoth- 
esis is that a metabolic and/or an enzymatic defect ren- 
ders some women incapable of maintaining an appro- 
priate balance of factors that act to modulate vascu- 
lar reactivity. Although prostaglandins may play a role 
in the pathogenesis of pregnancy-induced hyperten- 
sion," '* other factors may work alone or in combination 
with prostaglandins to contribute to the maintenance 
of normal vascular reactivity. Metabolic or enzymatic 
defects are often genetically determined in an autoso- 
mal recessive manner, and several authors**** have sug- 
gested that the predisposition for preeclampsia may re- 
flect this type of defect. Whether the associations ob- 
served in this study are due to a single enzyme defect 
or a more complex situation remains to be ascertained. 
Our observations regarding low-dose aspirin therapy 
further support the concept that this agent is not “the 
answer” for the prevention of preeclampsia in all wo- 
men, at least in the setting and dosage used in this study. 


We thank Sheri Teriot, Lucy Dodd, Tammie Plumlee, 
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Maternal and uteroplacental hemodynamic effects of chronic 
captopril in the hypertensive, term-pregnant rat 


William C. Mabie, MD, Robert A. Ahokas, PhD, and Baha M. Sibai, MD 


Memphis, Tennessee 


The chronic effects of captopril on maternal hemodynamics and organ perfusion were investigated in 10 
untreated and 10 captopril-treated pregnant spontaneously hypertensive rats by means of the 

_ radioactive-labeled microsphere technique. The normal decrease in blood pressure during gestation was 
prevented by reduction of litter size to two conceptuses on day 7 of gestation. Captopril (~10 mg/kg/day) 
or drug vehicle (50% ethyl alcohol) was administered intraperitoneally by an osmotic pump from day 7 to 
21. At term mean arterial pressure was 23% lower in the captopril-treated group as the result of a 29% 
decrease in total peripheral resistance without a significant change in cardiac output. The decrease in total 
peripheral resistance was primarily caused by a decline in splanchnic and skin resistances. Maternal organ 
and uteroplacental perfusion were not significantly altered. We conclude that administration of captopril i 
during the last 2 weeks of pregnancy in the hypertensive rat effectively lowers maternal blood pressure 
without adverse effects on organ and uteroplacental perfusion. (AM J OBsteT GYNECOL 1990;163:1861-7.) 


Key words: Captopril, total peripheral resistance, placental perfusion, spontaneously 
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In 1981 captopril was approved by the Food and 
Drug Administration for use as an antihypertensive 
agent in the United States.' Since then two other 
angiotensin-converting enzyme inhibitors, enalapril 
and lisinopril, have been approved and at least 14 other 
such inhibitors are under development.? Because of 
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their efficacy and low side-effect profile angiotensin- 
converting enzyme inhibitors are widely used as first- 
line therapy for hypertension. 

The mechanism of action of the angiotensin- 
converting enzyme inhibitors is not completely under- 
stood, but it is thought that they induce vasodilatation 
by inhibiting angiotensin-converting enzyme, the en- 
zyme that converts angiotensin I to angiotensin II. In 
addition to being a potent vasoconstrictor, angioten- 
sin II stimulates aldosterone secretion and increases 
sympathetic outflow centrally. Because angiotensin- 
converting enzyme is identical to kininase IJ, which 
inactivates bradykinin, an additional antihypertensive 
effect may result from increased bradykinin levels. Fi- 
nally, certain angiotensin-converting enzyme inhibitors 
increase synthesis of the vasodilating prostaglandins E, 
and I,.24 Accumulating evidence indicates that the ma- 
jor site of angiotensin II production is not in blood 
but in tissues (e.g., vascular, cardiac, renal, and brain). 
The decrease in blood pressure correlates better with 
the degree of inhibition of the vascular tissue renin- 
angiotensin system than with the circulating renin- 
angiotensin system.’ 

As with any antihypertensive drug, the primary con- 
cerns about the use of captopril in pregnancy are the 
possible adverse effects on placental perfusion and the 
risk of congenital malformations. Captopril caused fetal 
death in rabbits, apparently by reduction of uteropla- 
cental perfusion.’ It caused maternal and fetal hypo- 
tension and stillbirth in sheep.® Although results are 
conflicting, congenital malformations and other fetal 
complications have been associated with its use in hu- 
man pregnancy.’® Therefore it has been recommended 
that captopril not be used during pregnancy.*° 

The spontaneously hypertensive rat is widely ac- 
cepted as a model of human essential hypertension. 
However, even in this genetically hypertensive animal, 
pregnancy has a profound blood pressure—lowering 
effect. During the last week of gestation blood pressure 
progressively decreases and usually reaches normoten- 
sive levels by term. We have recently shown that the 
magnitude of the decrease in blood pressure in the 
pregnant spontaneously hypertensive rat is directly 
proportional to litter size." The resistances of virtually 
all the maternal organ vascular beds, including the 
uterus and placentas, at term are inversely related to 
litter size. Thus reducing litter size to one or two con- 
ceptuses shortly after implantation prevents the normal 
decrease in blood pressure, producing a model of es- 
sential hypertension during pregnancy. The purpose of 
this study was to evaluate the effects of lowering mater- 
nal blood pressure with captopril during the last 2 weeks 
of pregnancy on maternal and uteroplacental hemo- 
dynamics at term in the hypertensive, pregnant rat. 
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Material and methods 


This research conforms with the “Guiding Principles 
in the Care and Use of Laboratory Animals” approved 
by the Council of the American Physiological Society 
and with federal laws and regulations. The protocol 
used was approved by the University of Tennessee, 
Memphis, Animal Care and Use Committee. 

Virgin female spontaneously hypertensive rats 
(10 to 12 weeks of age) were purchased from 
Harlan/Sprague-Dawley, Inc. (Indianapolis). They 
were housed four per cage in a temperature-controlled 
room (23° + 1° C) with lights on from 7 AM to 7 PM 
and were fed Purina Laboratory Rodent Chow (Ralston 
Purina, St. Louis) as desired with tap water to drink. 
For breeding, the females were housed 1:1 with mature 
male spontaneously hypertensive rats. Vaginal smears 
were checked daily in the morning for the presence of 
spermatozoa. The day vaginal smears were sperm pos- 
itive was designated day 0 of pregnancy and the timed 
pregnant rats were housed singly throughout preg- 
nancy. ; 

Systolic blood pressure was measured by tail-cuff 
plethysmography (HTC, Inc., Woodland Hills, Calif.) 
and was monitored every other day throughout ges- 
tation. For these measurements the rats were pre- 
warmed to 30° C for 15 to 20 minutes in an incubator. 
They were then placed in a Plexiglas restraining cage 
and an inflatable cuff with a photoelectric sensor was 
placed around the base of the tail. The cuff was then 
inflated to a pressure of 250 mm Hg. The pressure was 
gradually released until a pulse was detected (systolic 
blood pressure). The mean of 3 to 5 determinations 
was recorded for each day. 

On day 7 of gestation a laparotomy was performed 
with the rat under light methoxyflurane anesthesia and 
litter size was reduced to two (one in each uterine horn) 
by aspiration of embryos through small incisions in the 
antimesometrial uterine wall. The uterine incisions 
were then closed with sutures. A sterile osmotic mini- 
pump (model 2001, Alza Corp., Palo Alto, Calif.) filled 
with either a sterile solution of captopril (200 mg/ml) 
or drug vehicle (50% ethyl alcohol) was placed in the 
abdominal cavity to administer the contents intraperi- 
toneally. Infusion rate was 0.5 wi/hr (2.4 mg of cap- 
topril per day). This rate of infusion resulted in a dos- 
age of ~10 to 12 mg/kg/day. The abdominal incisions 
were closed, and the rats were injected with penicillin 
G (30,000 U/kg intramuscularly) and returned to their 
cages for the duration of pregnancy. 

On postmating day 21 (the day before delivery), 
mean arterial pressure, cardiac output, and organ 
blood flows were measured with the radioactive-labeled 
microsphere technique described previously.'*'!* Mean 
arterial pressure, cardiac output, and organ blood flows 
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Fig. 1. Changes in systolic blood pressure during gestation in control and captopril-treated spon- 
taneously hypertensive rats. Osmotic pump for intraperitoneal drug administration was implanted 
on day 7. Data are plotted as mean + SEM. Asterisk indicates significant difference between groups 


(p < 0.05). 


were measured after a minimum 2-hour anesthesia re- 
covery period. 

The data were expressed as the mean + SEM. Sys- 
tolic blood pressure data was analyzed by two-way anal- 
ysis of variance. Student é test was used for comparison 
of mean arterial pressure, cardiac output, total periph- 
eral resistance, organ Hows, and organ vascular resis- 
tances between groups. The 95% confidence level was 
accepted as statistically significant for all analyses. 


Results 


Fig. 1 depicts the mean systolic blood pressure mea- 
sured on alternate. days during gestation for the un- 
treated and captcpril-treated rats. On day 0, mean sys- 
tolic blood pressure in the two groups was not differ- 
ent. On day 7, the day treatment was started, mean 
systolic blood pressure was 186 + 3 mm Hg and 
185 + 4mm Hg in the untreated and captopril-treated 
groups, respectively. Captopril produced a significant 
reduction in mean systolic blood pressure that persisted 
throughout gestation beginning on the first day or two 
after pump implantation. On day 21, mean systolic 
blood pressure was 186 + 6 mm Hg and 143 + 2 mm 
Hg in the untreated and captopril-treated rats, respec- 
tively. ; 

Table I shows the total body, maternal organ, and 
fetal and placental weights of the untreated and 


captopril-treated rats. Net maternal weight, but not 
mean fetal or placental weight, was significantly lower 
in the captopril-treated compared with the untreated 
rats. This was primarily a result of lower carcass, skin, 
and liver weights. Captopril treatment may have re- 
sulted in reduced food consumption, although this fac- 
tor was not measured. Nine of the control rats had two 
fetuses at term compared with six of the captopril- 
treated rats, a nonsignificant difference. One rat in the 
control group and four in the captopril-treated group 
aborted one conceptus and carried one to term. There 
was no decaying tissue found in the uteri of the rats 
with only one fetus that would suggest recent fetal 
death, and all living fetuses appeared structurally nor- 
mal. There was no significant difference in mean fetal 
or placental weight between the two groups. 

The effects of captopril on maternal hemodynam- 
ics at term are summarized in Fig. 2. Mean arterial 
pressure was 23% lower in the captopril-treatecd- 
group than in the control group (130.2 + 4.7 mm Hg 
vs 169.0 + 3.6 mm Hg, p< 0.01). Maternal cardiac 
index was unchanged but total peripheral resistance 
of the captopril-treated rats was 29% lower than 
that of the untreated rats (4.68 + 0.38 vs 3.33 + 0.30 
mm Hg/ml/min/100/gm, p < 0.02). 

There was a nearly significant increase (p = 0.06) in 
apparent lung blood flow (1.6 + 0.3% vs 5.2 + 1.8% 
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Fig. 2. Mean arterial pressure, cardiac index, and total peripheral resistance at term in 10 control 
and 10 captopril-treated (~10 mg/kg/day) spontaneously hypertensive rats. 


Table I. Total body, maternal organ, and fetal and placental weights of untreated and 
captopril-treated rats 





Total body weight, day 0 (gm) 97:2 = 355 231.0 + 7.0 
Total body weight, day 21 (gm) ag ib dae a 263.6 + 5.0 p= 0.10 
Net maternal weight, day 21 (gm) 207.8 + 6.0 189.6 + 3.5 p = 0.02 
Carcass (gm) 142.33 + 4.74 129.63 + 2.49 p = 0.05 
Skin (gm) 34.45 + 0.92 32.09 + 0.72 p = 0.05 
Brain (gm) 1.82 + 0.03 1.80 + 0.03 
Heart (gm) 1.06 + 0.04 0.95 + 0.06 p< 0.10 
Lungs (gm) 1.21 + 0.04 1.17 + 0.03 
Stomach (gm) 1.30 + 0.05 1.25 + 0.03 
Small intestine (gm) 4.95 + 0.18 4.81 + 0.19 
Large intestine (gm) 3.32 + 0.11 3.213% 0.11 
Liver (gm) 11.07 + 0.34 10.15 + 0.28 p< 0.05 
Spleen (gm) 0.45 + 0.18 0.48 + 0.03 
Pancreas (gm) 0.67 + 0.07 0.62 + 0.05 
Kidneys (gm) 156: 0:17 153 +0.05 
Adrenal glands (gm) 0.08 + 0.01 0.08 + 0.01 
Ovaries (gm) 0.11 + 0.01 0.11 + 0.01 
Uterus (gm) 2.15 + 19 kerel p < 0.05 
Litter size 19/20 16/20 
Mean fetal weight (gm) 4.72 + 0.22 4.65 + 0.26 
Mean placental weight (gm) 0.58 + 0.03 0.59 + 0.09 


of cardiac output) in the untreated and captopril- 
treated groups, respectively. This may have been a re- 
sult of the opening of systemic arteriovenous shunts by 
captopril. 

Fig. 3 illustrates the splanchnic, skin, and remaining 
carcass blood flows and vascular resistances of un- 
treated and captopril-treated rats. Captopril produced 
significant reductions in. splanchnic and skin vascular 
resistances but had no significant affect on splanchnic, 
skin, or carcass blood flows. | 

Fig. 4 summarizes the cardiac, renal, adrenal, and 
reproductive organ blood flows and resistances in un- 
treated and captopril-treated rats. There were no sta- 
tistically significant differences between groups in ei- 
ther blood flow or resistance values. 


Comment 


The traditional concept of the renin-angiotensin sys- 
tem is that of a circulation-borne endocrine system in 
which angiotensinogen is produced by the liver, renin 
by the kidney, and angiotensin-converting enzyme by 
the lung. The product of this biochemical cascade, an- 
giotensin II, acts on specific receptors in multiple target 
organs. However, recent data demonstrate that renin 
and angiotensin are synthesized locally in many tissues 
(e.g., blood vessels, heart, lungs, kidneys, adrenals, and 
brain). The emerging concept is that angiotensin H 
produced locally at vascular tissue sites by an endoge- 
nous renin-angiotensin system may play an important 
role in the tonic control of vascular resistance. This 
concept implies that local angiotensin I] concentrations 
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Fig. 3. Splanchnic and carcass blood Rows and vascular resistances at term in 10 control and 10 
captopril-treated spontaneously hypertensive rats. 


may exceed plasma levels and helps to explain why 
angiotensin-converting enzyme inhibitors lower vas- 
cular resistance in normal and low renin hypertension, 
why nephrectomized rats continue to produce angio- 
tensin II, and why the duration of antihypertensive 
response to angiotensin-converting enzyme inhibi- 
tors far exceeds the duration of serum angiotensin- 
converting enzyme inhibition.* 

The results of this study show that chronic intra- 
peritoneal captopril (~10 mg/kg/day) lowered blood 
pressure by decreasing total peripheral resistance with- 
out affecting cardiac output. The decrease in total pe- 
ripheral resistance was primarily a result of a significant 
decline in splanchnic and skin resistances, although 
small decrements in resistance occurred in many other 
organs including the kidney, adrenal, uterus, placenta, 
ovary, skeletal muscle, and brain. Because blood flow 
did not increase significantly in any organ, perfusion 
pressure must have fallen in parallel with resistance. 

These results differ from our previous studies of 
other antihypertensive drugs in the hypertensive, preg- 
nant spontaneously hypertensive rat. Short-term ad- 
ministration of hydralazine and nifedipine produced 


generalized vasodilatation except in the skin and in 
many of the splanchnic organs.'* '* With labetalol the 
antihypertensive effect was primarily the result of a 
decline in cardiac output, but small decrements in re- 
sistance occurred in many regions except the carcass 
and splanchnic region." Although specific reasons for 
the different regional vascular effects are not precisely 
known, they are probably related to the different mech- 
anisms of drug action and to distribution of receptors 
blocked by the various drugs. The fact that captopril 
had a more pronounced effect on skin and splanchnic 
organ resistance suggests that these vascular beds may 
be more dependent on the renin-angiotensin system 
for regulation of their tone than other vascular beds in 
the body. However, the other vascular beds may also 
be constricted by increased sympathetic nervous activity 
as a result of a baroreflex compensatory response to 
the decrease in blood pressure induced by dilatation in 
the skin and splanchnic beds. In our experience, the 
skin and splanchnic regions receive 20% to 30% of total 
cardiac output in the conscious, term-pregnant spon- 
taneously hypertensive rat (unpublished data). Sizable 
falls in resistance in these large vascular beds could 
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Fig. 4. Cardiac/renal and reproductive organ blood flows and resistances at term in 10 control and 
10 captopril-treated spontaneously hypertensive rats. 


conceivably reduce blood pressure enough to trigger 
baroreflex compensatory vasoconstriction, thus offset- 
ting generalized vasodilatation produced by captopril. 

Koike et al. administered captopril orally once daily 
at doses of 10 mg/kg and 30 mg/kg for 6 weeks to 
male spontaneously hypertensive rats. The decrease in 
systolic blood pressure was less than that observed 
in our study even at the 30 mg/kg dose. By use of 
the radioactive-labeled microsphere technique, cardiac 
output was found to increase in a dose-dependent 
manner and reached statistical significance in the high- 
dose group, whereas total peripheral resistance de- 
creased. Cerebral and renal blood flow increased dose- 
dependently, whereas flow to other organs was not sig- 
nificantly affected. Antonaccio et al.’* reported that oral 
captopril (30 mg/kg) increased blood flow to all organs 
examined in spontaneously hypertensive rats, and the 
effect was statistically significant for the splanchnic 
‘area. We do not know why our results differ from these 
results, but it may be because of different routes of 
drug administration; because of constant, low-level ex- 
posure to captopril rather than bolus, high concentra- 
tions of the drug; or because we used pregnant female 
spontaneously hypertensive rats. 


In this model use of captopril produced no adverse 
effect on uteroplacental blood How. These findings are 
in contrast with the work of Ferris and Weir,’ who noted 
in normotensive pregnant rabbits that acute captopril 
administration (5 mg/kg intravenously) reduced uter- 
ine and placental blood flow. They speculated that 
blockade of angiotensin H synthesis with a resultant 
decrease in uterine prostaglandin E, synthesis may have 
been the cause. In chronic studies with rabbits, capto- 
pril (2.5 or 5 mg subcutaneously daily) caused a marked 
decrease in fetal survival. Similarly, Broughton Pipkin 
et al.° found that administration of captopril (2.8 to 3.5 
mg/kg intravenously) was associated with a much in- 
creased stillbirth rate in both sheep and rabbits; how- 
ever, enalapril (1 or 2 mg/kg intravenously), which ap- 
parently does not cross the sheep placenta, was asso- 


ciated with a lower stillbirth rate.” The loss of four - 


conceptuses in our captopril-treated group compared 
with only one conceptus in the control group, although 
not statistically significant, is at least consonant with the 
observations made in rabbits and sheep that use of cap- 
topril is associated with increased pregnancy wastage. 
The loss of conceptuses in both groups of rats appar- 
ently occurred early in gestation and was probably re- 
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lated to surgical manipulation of the uterus because 
there was no decaying tissue or other evidence of a 
second pregnancy found in any of the rats with a single 
fetus. Our previous experience" has been that manip- 
ulation of the uterus to adjust litter size occasionally 
causes one or more of the adjacent conceptuses to abort. 
The fact that the remaining pups were normal in weight 
and development supports this explanation. If capto- 
pril had induced uterine ischemia, the surviving fetus 
and placenta would be expected to be growth retarded. 
This does not conclusively rule out the possibility that 
captopril caused the abortions, and further study is 
needed in this area. 

In human pregnancy angiotensin-converting enzyme 
inhibitor therapy has been associated with several fetal 
and maternal complications including hypotension, 
growth retardation, oligohydramnios, anuria, renal 
failure, congenital malformations, stillbirth, and neo- 
natal death.*!° However, more favorable results have 
been reported. Coen et al. treated a patient with 
chronic glomerulonephritis throughout a twin preg- 
nancy with a combination of captopril, hydralazine, and 
metoprolol. At term she was delivered of growth- 
retarded twins whose subsequent course to 10 months 
of age was unremarkable. Mochizuki et al.'? reported 
good results with captopril as part of combination ther- 
apy in late pregnancy in three patients. Kreft-Jais 
et al.” reported the results of a French survey of preg- 
nancies exposed to angiotensin-converting enzyme in- 
hibitors between June 1985 and December 1986. 
Twenty-two women received captopril and nine re- 
ceived enalapril. Most women had renal disease or 
chronic essential hypertension. Two stillbirths occurred 
in the captopril group and one in the enalapril group. 
Preterm delivery occurred in 11 women who were given 
captopril and in one given enalapril. Six of 26 live-born 
babies were growth retarded. 

In conclusion, chronic administration of captopril 
lowered blood pressure in the pregnant, hypertensive 
rat by decreasing total peripheral resistance without 
affecting cardiac output. Uteroplacental perfusion was 
unchanged, and no fetal growth retardation or con- 
genital anomalies were noted. Nevertheless, because of 
conflicting animal data, potential risks to the fetus, and 
the availability of alternate drugs, the use of captopril 
in pregnant women should be avoided until further 
animal studies and human drug trials prove its safety. 


We thank Ed B. Cannon for his laboratory technical 
assistance. 
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Induction of labor with pulsatile oxytocin 


Karen C. Cummiskey, MD, and M. Yusoff Dawood, MD” 


Louisville, Kentucky, and Houston, Texas 


In a prospective, randomized study, 106 patients underwent induction of labor with either pulsed (every 
8 minutes) (n = 50) or continuous (n = 56) intravenous infusion of oxytocin. Maternal characteristics, 
gestational age at induction, induction-delivery intervai, analgesia for labor, cesarean section rates, and 
newborn characteristics were similar in both groups. The mean + SEM total oxytocin administered was 
significantly less in the pulsed group (3564 + 487 mU) than in the continuous group (7684 + 844 mU; 
p < 0.0001); the average dose of oxytocin administered per minute was significantly lower in the pulsed 


group (3.9 + 0.3 mU/min) than in the continuous group (7.8 + 0.4 mU/min; p < 0.0001); the peak or 
highest administered dose of oxytocin expressed per minute was also significantly lower in the pulsed 
group (9.6 + 0.8 mU/min) than in the continuous group (14.1 + 0.7 mU/min; p < 0.0001). These 
significant differences persisted even when controlled for parity, Bishop’s score of the cervix, and number 
of days induction of labor was carried out. Uterine hyperstimulation occurred infrequently in both groups 
(3.6% to 4.0%). The pulsed group required a significantly smaller infusion volume (25 + 14 mi) than the 
‘continuous group (780 + 84 ml; p < 0.0001). Thus pulsatile administration uses significantly less oxytocin 
and infusion fluid but is as effective and safe as continuous infusion. (Am J OBSTET GYNECOL 


1990;163:1868-74.) 


Key words: Induction of labor, oxytocin, pulsatile oxytocin 


Continuous intravenous administration of oxytocin 
is routinely used for induction and augmentation of 
labor.''? Use of oxytocin has been associated with in- 
creased maternal and fetal morbidity including uterine 
hyperstimulation and rupture, fetal distress with hyp- 
oxia, and an increased incidence of neonatal hyperbil- 
irubinemia. These side effects appear to be primarily 
dose-dependent. With the increased utilization of in- 
trauterine pressure monitoring and continuous fetal 
heart rate surveillance, these“events are less common 
but remain potential concerns. 

Endogenous oxytocin is secreted in spurts or pulses 
during spontaneous labor.’ Because oxytocin binds to 
its myometrial receptors, causing the occupied sites to 
be temporarily unavailable to more continuously in- 
fused oxytocin, administration of oxytocin in pulses 
similar to its endogenous pulsatile secretion would ap- 
pear to be a more physiologic regimen for induction 
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of labor. Pavlou et al.* showed that pulsed administra- 
tion of oxytocin was as effective as continuous intra- 
venous infusion and required less oxytocin. In a recent 
pilot study on 20 patients, our group’ found that pulsed 
administration of oxytocin for induction of labor not 
only was as effective as the continuous infusion but also 
used lower total and peak doses of oxytocin and pro- 
duced a significantly lower inc:dence of hyperstimu- 
lation. 

To further evaluate pulsatile administration of oxy- 
tocin for inducuon of labor, we conducted another pro- 
spective, randomized study in a larger number of pa- 
tients to compare the efficacy and safety of pulsatile 
intravenous administration of oxytocin with the stan- 
dard continuous intravenous administration of oxyto- 
cin. The patients in the pilot study reported by us’ were 
not included in this analysis. This larger study would 
permit controlling for parity, Bishop’s score, and num- 
ber of days induction was performed when the two 
methods of giving oxytocin are compared. The results 
of this study are described in this paper. 


Material and methods 


Patient selection. One hundred six pregnant patients 
who required induction of labor for medical indications 
agreed to participate in this prospective, randomized 
study that was approved by the Institutional Review 
Board and was conducted at the University of Illinois 
Hospital, Chicago. Each patient gave informed consent 
before admission into the study and initiation of oxy- 
tocin administration. Randomization was carried out 
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Table I. Clinical characteristics of patients undergoing induction of labor with either pulsed or continuous 
oxytocin infusion 





Pulsed 
oxytocin group Continuous oxytocin Differences between 
Maternal characteristic (n = 50) group (n = 56) treatment groups 

Age (yr) (mean + SEM) 23.9 + 0.8 23.4 + 0.7 NS 
Gravidity (mean + SEM) 3.1 + 0.3 2.4 + 0.2 NS 

Primigravid (No.) 21 31 

Multigravid (No.) 29 25 
Parity 1.3 + 0.2 1.0 + 0.2 NS 
Gestational age (wk) (mean + SEM) 39.1 + 0.4 39.0 + 0.3 NS 
Bishop score 

Mean + SEM 5.4 + 0.4 5.4 + 0.3 NS 

Range 1-10 1-10 


by our pharmacy staff who assigned the patient to ei- 
ther group on the basis of a previously prepared ran- 
domization list. The need for induction of labor was 
determined by our obstetric staff. Women with a clin- 
ically contracted pelvis, previous cesarean sections, or 
fetal malpresentation were excluded. Fifty women were 
randomized to the pulsed infusion group and 56 to the 
continuous infusion group. 

Administration of oxytocin. For pulsed administra- 
tion of oxytocin, a [0-second pulse of oxytocin was 
delivered intravenously every 8 minutes with an Au- 
tosyringe AS-2C pump (Autosyringe, Hooksett, N.H.). 
The starting dese was 1 mU per pulse and the dose 
was doubled every 24 minutes (i.e., after three pulses 
of the same dose) until 32 mU per pulse. Thereafter 
the dose of oxytocin was increased by 8 mU per pulse 
until adequate uterine activity was achieved. To enable 
a wide range of doses available for use, the oxytocin 
was made up in two different concentrations of 100 or 
800 mU/ml placed in a 5 ml syringe. The higher oxy- 
tocin concentration was used when a pulse dose of 232 
mU per pulse was needed. 

For continuous infusion oxytocin was given intra- 
venously and continuously by an IMED 927 pump 
(Imed Corporation, San Diego). Starting with a dose 
of 1 mU/min, the oxytocin infusion was increased by 
l mU/min every 30 minutes until adequate uterine 
activity was achieved. Adequate uterine activity was de- 
fined as 160 montevideo units or more. 

All cases were managed during induction of labor 
and delivery by our obstetric residents and faculty who 
also performed all the pelvic examinations. All patients 
had continuous electronic monitoring of fetal heart rate 
and uterine contractions. When uterine contractions 
were established, the patient underwent artificial rup- 
ture of the membranes if the cervix was dilated 23 cm. 
All monitor tracings were reviewed by one of us. Cri- 
teria for adequate labor, dysfunctional labor, and hy- 
perstimulation were defined before the initiation of this 
study. Adequate (normal) labor was considered to be 
uterine activity demonstrating three or more uterine 


contractions in a 10-minute period with 160 monte- 
video units or more. Dysfunctional labor patterns were 
defined as coupling or tripling of uterine contractions 
for a total of =1 hour during induction of labor. 
Hyperstimulation was present if fve or more uterine 
contractions were noted in succession without return 
to baseline tonus or a prolonged uterine contraction 
causing fetal bradycardia. Either of these two condi- 
tions required temporary cessation of oxytocin admin- 
istration. 

Statistical analysis. The means + SEMs between the 
pulsed and continuous oxytocin infusion groups were 
analyzed for differences by means of x? analysis, non- 
paired Student's ¢ test, and one-way analysis of variance. 
Two-tailed p values were used, and values >0.05 were 
considered not significant. 


Results 


The indications for induction of labor were similar 
in both groups. These included postdates, hyperten- 
sion, preeclampsia, diabetes, intrauterine growth re- 
tardation, and premature rupture of membranes. In 
the pulsed group 30 patients required 1 day of at- 
tempted induction, 16 required 2 days, and 4 required 
3 days. In the continuous group 35 women were de- 
livered after 1 day of induction, 12 after 2 days, and 9 
after 3 days. 

The clinical characteristics of the patients are sum- 
marized in Table I. There were no significant differ- 
ences with regard to maternal age, gravidity, gestational 
age, or Bishop scores at the time of induction. Table 
II summarizes the events during labor. The induction- 
to-delivery time, as reflected by the length of time the 
patient received oxytocin, was similar in the two groups. 
Use of pain medications and epidural anesthesia was 
not significantly different. Both groups had a low in- 
cidence of uterine hyperstimulation—4% in the pulsed 
group and 3.6% in the continuous group. Neverthe- 
less, the pulsed group used a significantly smaller vol- 
ume of fluid (25 + 14 ml) than the continuous group 
(780 + 84 ml) to deliver the oxytocin (p < 0.0001). 
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Table II. Labor characteristic of patients undergoing induction of labor with either pulsed or continuous 
oxytocin infusion 













Pulsed 


oxytocin group 


Labor characteristic (n = 50) 





Total time oxytocin 846 + 68 
given (min) ` 
(mean + SEM) 
Total fluid received with 25 + 13 
infusion (ml) 
(mean + SEM) 
Pain medication (%) 52 
Epidural anesthesia (%) 14 
Contraction pattern (%) 
Normal 88 
Dysfunctional 8 
Hyperstimulation 4 





Continuous oxytocin 
group (n = 50) 


Difference between 
treatment groups 





930 + 74 NS 
780 + 85 p <0.0001 
4] NS 
29 NS 
87.5 NS 
8.9 o NS 
3.6 NS 


Table III. Characteristics of newborns delivered of patients undergoing induction of labor with either 


pulsed or continuous oxytocin infusion 





Pulsed 
oxytocin group 
Newborn characteristic (n = 50) 
Birth weight (gm) (mean + SEM) 3185 + 98 
Apgar score at 1 min 
Mean + SEM 7.7 & 0.2 
Range 3-9 
<7 (No.) 6 
APGAR score at 5 min 
Mean + SEM 8.6 + 0.1 
Range 5-9 
<7 (No.) l 
Arterial cord blood pH 7.30 + 0.02 
(mean + SEM) 
(n = 14*) 
Hyperbilirubinemia (No.) 3 
(n = 26) 


Continuous oxytocin 


group (n = 56) 


Difference between 
treatment groups 


3255 + 93 NS 
78+ 0.1 NS 
5-9 
6 
8.8 + 0.1 NS 
7-10 
0 
7.29 + 0.02 NS 
(n = 14) 
5 NS 
(n = 31) 


*Numbers studied for arterial cord pH and for neonatal serum bilirubin are shown in parentheses. 


Forty-seven. women (94%) in the pulsed group were 
delivered vaginally, with 3 (6%) requiring cesarean sec- 
tion, while 7 of the 49 (12.5%) in the continuous group 
were delivered by cesarean section. The indications for 
cesarean section were similar in both groups. . 

Relevant findings of the newborns are summarized 
in Table III. There were no differences between the 
two groups with regard to birth weight or Apgar scores 
at 1 and 5 minutes. Arterial cord pH determined in 14 
patients from each group showed no significant dif- 
ferences. Of those infants screened independently by 
the pediatricians for hyperbilirubinemia in the new- 
born period, three infants were identified in the pulsed 
group and five infants in the continuous group. Al- 
though these numbers are not significantly different, 
when analyzed further, all three infants with hyperbil- 
irubinemia in the pulsed group had a mean gestational 
age of 35 + 1.0 weeks and a mean birth weight of 
1953 + 116 gm. The maximum serum bilirubin level 


was 11.7 + 0.5 mg/dl. In contrast, the hyperbilirubi- 
nemic infants in the continuous group had a mean ges- 
tational age of 37.4 + 1.2 weeks with a significantly 
higher mean birth weight of 3830 + 184 gm (p < 0.01) 
and a significantly higher maximum serum bilirubin of 
15.1 + 0.7 mg/dl (p < 0.001). 

Fig. 1 shows the mean + SEM total dose of oxytocin 
administered during induction of labor for each group. 
The pulsed group used significantly less oxytocin with 
a mean total dose of 3564 + 487 mU while the contin- 
uous group used 7684 + 844 mU (p < 0.0001). To 
control for the number of days required for induction, 
the total dose of oxytocin was further evaluated ac- 
cording to the number of days labor was induced, as 
shown in Fig. 2. The pulsed group continued to dem- 
onstrate a significantly lower total oxytocin requirement 
than the continuous group regardless of the number 
of days of induction. To determine and control for the 
possible influence of the Bishop score of the cervix on 
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Fig. 1. Total dose of oxytocin (mean + SEM) in patients receiving pulsed oxytocin compared with 
continuous oxytocin for induction of labor. The pulsed group received a significantly lower mean 
` total dose of oxytocin as compared with the continuous group. 
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Fig. 2. Total dose of oxytocin (mean + SEM) in patients receiving pulsed oxytocin compared with 
continuous oxytocin grouped according to the number of days of attempted induction of labor. The 
pulsed group always required significantly less oxytocin than the continuous group. 


the total dose of oxytocin required for induction, the 
total dose of oxytocin required was reanalyzed for pa- 
tients with low (0 to 4), moderate (5 to 8), and high (9 
to 13) Bishop scores (Fig. 3). Within each of these three 
categories, the pulsed group consistently required sig- 
nificantly less total oxytocin.than the continuous group 
(p<05). : 

When the mean + SEM doses of oxytocin in milli- 


units per minute for the two methods of giving oxy- 
tocin were compared, the pulsed group again had 
a significantly lower mean dose (3.9 + 0.3 mU/min) 
than the continuous group (7.8 + 0.4 mU/min; p< 
0.0001}: The mean dose of oxytocin per minute con- 
tinued to be significantly lower with pulsed admin- 
istration than with continuous administration when 
controlled for the number of days of induction and 
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Fig. 3. Total dose of oxytocin (mean + SEM) in patients receiving pulsed oxytocin compared with 
continuous oxytocin grouped according to the Bishop cervical scores of the patients. Irrespective 
of group according to Bishop scores, significantly less oxytocin was always used for pulsed admin- 
istration than for continuous administration. Note that there was a more dramatic progressive drop 
in the total dose of oxytecin with pulsed administration as the Bishop scores progressed from low 


to moderate to high. 


for low, moderate, and high Bishop scores (data not 
shown). 

The highest or peak dose of oxytocin amortized 
per minute was also evaluated. The pulsed group had 
a lower peak dose of oxytocin (9.5 + 0.8 mU/min) 
when compared with the continuous group (14.1 + 0.7 
mU/min; p < 0.0001). Again, the difference remained 
significant when controlled for the number of days of 
induction and for Bishop scores. 

To remove the potential confounding influence that 
patients requiring cesarean section may have on those 
who are delivered vaginally with each method of ad- 
ministering oxytocin, the data on oxytocin for each 
group were reanalyzed only for those patients who 
achieved vaginal delivery but are not shown in the fig- 
ures. The total dose of oxytocin remained significantly 
lower for the pulsed group (3218 + 408 mU; n = 47) 
than for the continuous group (6985 + 778 mU; n = 
49; p < 0.0001). Likewise, the mean dose and the peak 
dose of oxytocin were significantly lower in the pulsed 
group (3.7 + 0.3 and 9.3 + 0.8 mU/min, respectively) 
than in the continuous group (7.6 + 0.4 and 13.8 + 
0.8 mU/min, respectively; p < 0.0001 for both). 


Comment 


Our results demonstrate that pulsatile administration 
of oxytocin is as safe and as effective as continuous oxy- 


tocin infusion for induction of labor. Previous stud- 
ies on induction of labor in smaller numbers of pa- 
tients and on augmentation of labor found significantly 
less oxytocin was required when given by pulsatile ad- 
ministration than by continuous administration.*® This 
study confirmed those previous reports demonstrating 
a lower total dose and mean and peak doses (expressed 
per minute) of oxytocin for induction of labor with 
pulsed oxytocin administration. The significant reduc- 
tion in the dose of oxytocin required to induce labor 
with pulsed oxytocin persisted even when controlled 
for the number of days of atternpted induction, the 
Bishop scores of the cervix, and the number of cesar- 
ean sections. Although we have recently also found that 
less oxytocin was requird to augmeni labor, the oxytocin 
needs for induction of labor are not similar to the re- 
quirements for augmentation. Because the number of 
patients in the present induction study is larger than 
in our preliminary study,’ we are able to demonstrate 
a clear correlation between the total amount of oxytocin 
required and cervical ripeness (as reflected by the 
Bishop score) with both methods of oxytocin ad- 
ministration. The inverse relationship between the to- 
tal dose of oxytocin required and the Bishop score was 
more acute with pulsed administration than with con- 
tinuous administration of oxytocin. 

Several basic and practical considerations predicated 
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our choice of the pulse frequency for administering 
pulsatile oxytocin and for the interval between dose 


increments. Endogenous oxytocin is released in fre- . 


quent pulses or spurts during pregnancy and labor in 
women.*? Dawood et al.’ have shown that during nor- 
mal spontaneous labor, maternal plasma oxytocin levels 
show two to three pulses every 10 minutes.® Pharma- 
cokinetic studies of oxytocin gave a half-life of 10 min- 
utes and a metabolic clearance rate that was similar in 
both pregnant and nonpregnant subjects.’ On the basis 
of the pulse frequency and pharmacokinetics of oxy- 
tocin and for convenience of adjusting the Autosyringe 
pump, we chose a pulse frequency of every 8 min- 
utes for administration of the oxytocin. Seitchik and 
Castillo’? have emphasized that the dose increment and 
the rate at which the dose is increased are critical de- 
terminants of both the maximum dose and the fre- 
quency of hypercontractility and/or fetal distress. Pre- 
vious studies of constant intravenous infusion of oxy- 
tocin found that the minimum time required to reach 
a steady-state circulating level of oxytocin ranged from 
20 to 40 minutes.* '' An intermediate interval of 30 
minutes was used before the dose of oxytocin was in- 
creased stepwise. 

The action of oxytocin on the uterus is brought about 
through specific receptors that have been identified in 
the cell membranes of the smooth muscles of the uterus. 
The number of oxytocin receptors increases as gesta- 
tion progresses. When these receptors are bound by 
oxytocin, they are no longer available, albeit tempo- 
rarily, to more circulating oxytocin. Whereas the du- 
ration of oxytocin-receptor occupancy by oxytocin is 
not known, continuous infusion of oxytocin can be ex- 
pected to rapidly saturate the uterine oxytocin recep- 
tors, thus giving rise to more circulating oxytocin than 
can be used by the uterus. Pulsed administration of 
oxytocin, which is similar to its endogenous release, is 
therefore a more physiologic method for giving oxy- 
tocin to stimulate uterine contractions. 

The total dose of oxytocin required to establish con- 
tractions and maintain labor was significantly less with 
pulsed administration than with the continuous infu- 
sion. Because most complications of oxytocin are dose- 
related, reduction in the total dose will allow an even 
wider margin of safety. In a preliminary study we have 
previously demonstrated a significantly lower incidence 
of hyperstimulation with the pulsed administration of 
oxytocin for induction of labor.’ In this study, involv- 
ing a much larger number of patients, the incidence of 
hyperstimulation was low in both groups. 

The risk of neonatal hyperbilirubinemia is depen- 
dent on both the total dose of oxytocin given to the 
mother and the maturity of the fetus.’*" In in vitro 
experiments, oxytocin increases osmotic swelling and 
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deformability of erythrocytes in a time- and dose- 
dependent manner to bring about hemolysis, an effect 
similar to that of vasopressin.’* An increased osmotic 
fragility of the erythrocytes associated with transpla- 
cental hyponatremia and its accompanying hypoosmo- 
lality has been found in neonatal hyperbilirubinemia 
related to oxytocin given to the mother.” ° Singhi and 
Singh’* '® concluded that the transplacental passage of 
oxytocin administered to the mother could be respon- 
sible for the significant lowering of the cord sodium 
level and osmolality found with an oxytocin infusion 
>16 mU/min compared with a lower dose. Buchan" 
found an increased incidence of neonatal hyperbili- 
rubinemia when mothers were given a mean total oxy- 
tocin dose of =4500 mU. Therefore pulsed admin- 
istration of oxytocin with a mean total dose of 3200 
to 3600 mU as found in this study should afford a 
wider margin of safety, especially for risk of oxytocin- 
associated neonatal hyperbilirubinemia, when com- 
pared with the higher mean total dose of 7000 to 7700 
mU in the continuous infusion group. Three infants 
in the pulsed oxytocin group and five in the continuous 
oxytocin group developed clinically recognizable and 
biochemically confirmed neonatal hyperbilirubinemia. 
While these numbers are small, it 1s particularly note- 
worthy that all three infants with hyperbilirubinemia 
in the pulsed oxytocin group were preterm with low 
birth weights and comparatively lower maximum levels 
of serum bilirubin before therapy. None of the term 
infants in the pulsed group had hyperbilirubinemia. In 
contrast, the five infants in the continuous infusion 
group were more advanced in gestation, were heavier 
in birth weight, and had higher maximum levels of 
serum bilirubin. In addition to the dose of oxytocin, 
the maturity and size of the fetus are important vari- 
ables in the risk of development of neonatal hyperbil- 
irubinemia; therefore a larger number of patients will 
have to be studied so that the variability in weight and 
maturity of the newborn can be adequately controlled 
while the effect of the total dose of oxytocin on the risk 
of neonatal hyperbilirubinemia is examined. 

Requiring a significantly smaller amount of infusion 
fluid to administer the oxytocin, pulsed administration 
may be advantageous in high-risk conditions requiring 
close monitoring or restriction of fluids such as in wo- 
men with severe preeclampsia, pulmonary edema, or 
cardiac and renal diseases. 

In conclusion, we found that pulsed administration 
of oxytocin is as safe and effective as continuous in- 
fusion, requires significantly less oxytocin with a wider 
margin of safety, and may be a more physiologic oxy- 
tocin regimen for induction and augmentation of labor. 
Further studies are indicated to determine the optima] 
pulse intervals and rates of increase of oxytocin when 


Inhibition of spontaneous uterine contractions during the last 


trimester in pregnant baboons by an oxytocin antagonist 


Laird Wilson, Jr., PhD," Michael T. Parsons, MD,” and George Flouret, PhD‘ 


Chicago, Illinois, and Tampa, Florida 


The effect of a potent oxytocin antagonist, produced in our laboratories, on spontaneous uterine 
contractions in the pregnant baboon was examined. Three types of uterine contractions were studied: 
immediately after operation, during the nocturnal period, and near or at labor, Bolus intravenous injections 
of oxytocin antagonist were given and uterine activity was examined +1 hour after the injection. The 
oxytocin antagonist caused a precipitate decrease (approximately 70%) in contractile force (mean 
amplitude x frequency) in the first 15 minutes after injection (p < 0.05); this force diminished to 
approximately 90% at the end of 1 hour for both nocturnal and labor contractions. In contrast, uterine 
contractions immediately after operation were diminished by only 60% within 60 minutes after the oxytocin 
antagonist. These results indicate that the oxytocin antagonist is a potent inhibitor and suggest that 
oxytocin is a primary regulator of spontaneous nocturnal and labor uterine contractions in the pregnant 


baboon. (Am J Osstet Gynecot 1990;163:1875-82.) 


Key words: Oxytocin antagonist, pregnancy, tocolytic, preterm labor, baboon 


The mechanism of parturition in the primate is 
poorly understood. A number of factors have been tm- 
plicated in either the initiation or the progress of labor, 
including oxytocin,’ prostaglandins,* leukotrienes,’ and 
the ratio of estrogen to progesterone.’ The role of oxy- 
tocin in initiation of labor is ambiguous because of the 
contradictory reports in the literature as to the corre- 
lation of oxytocin levels in the plasma of humans and 
nonhuman primates with advancing gestational age 
and labor.** The clinical importance of understanding 
the initiation and progress of labor is to apply this 
knowledge to control preterm labor, a major cause of 
fetal mortality and morbidity in obstetric medicine. 

We have recently reported the development of a po- 
tent oxytocin antagonist that inhibits in vitro uterine 
contractions in response to oxytocin in tissue from rats, 
baboons, and humans,’ inhibits in vivo contractions in 
rats? and baboons in response to exogenous oxytocin, 
and delays the progress of labor in rats.? We report 
here the ability of the oxytocin antagonist to inhibit 
spontaneous uterine contractions during the last 
trimester of pregnancy in the baboon. Our results show 
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that the oxytocin antagonist is a potent inhibitor of 
nocturnal uterine contractions and contractions related 
to labor and suggest that oxytocin is a primary regulator 
of these types of uterine contractions during preg- 
nancy. The data imply that the oxytocin antagonist has 
the potential of inhibiting uterine contractions of pre- 
term labor in humans. 


Material and methods 


Baboons (Papio anubis) with timed pregnancies from 
the breeding colony of the Biological Resource Labo- 
ratory at the University of Illinois were used in these 
studies. The animals were kept under controlled light- 
ing conditions (12 hours light/12 hours dark) with 
lights on at 6 AM (Central Standard Time) and fed 
Purina Primate Chow (Ralston Purina, St. Louis) fruit, 
and nuts once a day and water as desired. Normal de- 
livery occurs at 184 + 2 days. The protocol for this 
report has been approved by the Animal Care Com- 
mittee at the University of Illinois. 

Surgical procedures and postsurgery care. All ba- 
boons were operated on between 125 and 135 days of 
pregnancy. Before operation, ultrasonography was 
performed on all animals to determine fetal viability, 
as well as the location of the placenta and pockets of 
amniotic fluid for inserting the cannulas. Animals were 
initially sedated with an intramuscular injection of ke- 
tamine (7 mg/kg) and an intravenous injection of Sur- 
ital (Parke Davis, Division of Warner-Lambert Co., 
Morris Plains, N.J.) (2 ml intravenously of a 2.5% so- 
lution). Anesthesia was maintained with 0.8% to 1.0% 
halothane (Wyeth-Ayerst, Philadelphia) during the op- 
eration. A midline incision was made just above and 
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lateral to the umbilicus. Two 0.86 x 1.32 mm vinyl 
cannulas (Bolabs Inc., Lake Havasu City, Ariz.) were 
inserted within 4 cm of each other directly through the 
uterine wall into the amniotic fluid via a 16-gauge nee- 
dle acting as a trocar. Location of the cannula insertion 
was determined by the previous ultrasonogram. Ap- 
proximately 15 inches of cannula was threaded into the 
amniotic fluid. The cannulas were then anchored to the 
` serosal layer of the uterus with a 3-0 silk suture. The 
- cannulas were exteriorized via a midlateral flank inci- 
sion with a subcutaneous tunneling needle (Alice King 
Chatham Medical Art, Los Angeles). The midventral 
incision was closed with Vicryl suture. An incision was 
made in the groin area of the leg just above the external 
femoral vessels and artery. The vein and artery were 
dissected free and 0.86 X 1.32 mm vinyl tubing was 
placed into incisions in the vein and artery. A sufficient 
length of tubing (approximately 10 inches) was placed 
into the vein so that the tip rested in the vena cava or 
aorta just above the bifurcation, as determined by the 
location of the abdominal umbilicus. The cannulas were 
anchored with 3-0 silk suture and were exited subcu- 
taneously at the junction of the leg and abdomen with 
tunneling needles. The leg incision was closed with 
2-0 Vicryl (Ethicon, a subsidiary of Johnson and John- 
son, Somerville, N.J.) suture. The four cannulas (two 
amniotic fluid, one femoral artery, and one femoral 
vein) were led subcutaneously to a middorsal, area just 
inferior to the scapula. The skin incisons for tunneling 
were then closed with 2-0 Vicryl. A nylon mesh jacket 
(Alice King Chatham Medical Art) was placed on the 


baboon, and the cannulas were led out through a flex- 


ible stainless steel tether attached to the back of the 
jacket. The length of the tether was 24 inches. The 
tether was attached to a swivel on the side of the cage; 
this training swivel had been punched out in the mid- 
die. This technique allowed the cannulas to be led di- 
rectly out of the cage and attached to pressure trans- 
ducers or infusion pumps.” The amniotic fluid cannulas 


were attached to Gould model P23id pressure trans- 


ducers and pressure changes were recorded on a four- 
channel, model 7 Grass polygraph (Grass Instruments, 
Quincy, Mass.). In addition, the analog signal of the 
intrauterine pressure changes was digitized with a Data 
Translation 2811 H board on a Dell PC Limited 286 
computer, and these data were stored on a hard disk. 
This signal was sampled every second. 

The cannulas in the femoral vein and artery were 
attached to syringes on a Harvard infusion pump 
(Harvard Apparatus Co., Millis, Mass.). Heparin (100 
U/ml) and Kefzol antibiotic (Eli Lilly & Co., Indian- 
apolis), 71.4 mg/ml in saline solution, were infused at 
a rate of 0.582 ml/hr to keep the cannulas patent and 


December 1990 
Am J] Obstet Gynecol 


deliver 1 gm of Kefzol antibiotic per day to the animals. 
After the first week the Kefzol was reduced to 0.5 
gm/day. We have had few maternal infections using 
this method. 

Oxytocin antagonist. The solid phase synthesis 
of the oxytocin antagonist [8-mercapto-B,6- 
cyclopentamethylene propionic acid-p-Trp?-Phe*-Ile*- 
Arg*]-oxytocin has been previously described.’ 

Uterine contractility studies. Uterine contractions 
were monitored 24 hours a day through delivery. The 
oxytocin antagonist was tested on three types of uterine 
contractions: (1) immediately after operation, (2) dur- 
ing nocturnal activity, and (3) near (=3 days) or at labor. 
The oxytocin antagonist was given as an intravenous 
bolus injection in the range of 500 to 3000 nmol, except 
in preliminary studies where the oxytocin antagonist 
was infused for various lengths of time (e.g., Fig. 1). 
The uterine contractile activity was examined | hour 
before and after the oxytocin antagonist was adminis- 
tered for mean amplitude, frequency, contractile force 
(mean amplitude x frequency), and percent contrac- 
tile force per 15-minute interval. The percent contrac- 
tile force was determined by dividing all values by the 
mean of the pre—oxytocin antagonist administration 
values. We examined the effect of the oxytocin antag- 
onist on uterine activity of seven animals immediately 
after operation and compared it with uterine activity 
in six controls. Operation was usually completed by 2 
to 3 PM, and the oxytocin antagonist was given be- 
tween 6 and 8 pm that same evening. The measure- 
ments for the controls were performed at the same 
time of evening as the oxytocin antagonist—treated an- 
imals. Studies examining nocturnal uterine contrac- 


_ tions involved 10 animals. The controls chosen for the 


nocturnal uterine contractions were those contractions 
that occurred within +2 days of those in the treated 
animals at the same ‘time of evening. Since uterine ac- 
tivity was not always detectable with these criteria, there 
were fewer control (N = 19) than treated (N = 47) 
studies. 

Animals having labor-like contractions were defined 
as having a contractile force >120 per 15-minute in- 
terval occurring within 3 days of delivery. The con- 
tractile force of controls for animals in labor was de- 
termined from uterine activity occurring within 2 hours 
of delivery, but before abdominal pushing occurred, 
and meeting the criteria of a contractile force of 120 
per 15-minute interval for labor-like contractions. 
There were four oxytocin antagonist—treated and five 
control animals in this study. 

Statistical analysis. The data were analyzed by 
grouping variables (Treatment — Control vs oxytocin 
antagonist treated) with within-repeat-measures (Time) 
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analysis of variance, and when significant, differences 
between means were detected by Tukey’s test." 


Results 


The effect of infusing the oxytocin antagonist into a 
pregnant baboon snowing significant uterine contrac- 
tile activity is shown in Fig. 1. The uterine activity is 
expressed as contractile force (mean amplitude x 
freugency per %-hour intervals) during the days illus- 
trated. As determined from preliminary studies, uter- 
ine activity was considered significant and labor-like 
when the contractile force was >240 per 30 minutes 
(e.g., 12 contractions X 20 mm Hg = 240). When the 
oxytocin antagonist was administered on day 154 as an 
intravenous bolus injection of 3000 nmol followed by 
infusion at 16 nmol/min for 112 days, uterine activity 
was immediately suppressed and remained at baseline 
for the period of the infusion (Fig. 1, A). Ten days later 
(day 164) uterine activity again increased significantly, 
but this time the oxytocin antagonist was infused for 2 
hours and induced a precipitate decrease in uterine 
contractions. The following day (day 165) uterine ac- 
tivity again increased, and the oxytocin antagonist was 
infused for 1 hour, resulting in immediate suppression 
of uterine activity (Fig. 1, B). Fig. 1, C, shows the con- 
tractile force when the animal was allowed to deliver. 
This, plus other data, suggested that the oxytocin an- 
tagonist did not have to be continuously infused to be 
effective but rather that a bolus injection might suffice. 
Thus for all subsequent studies a bolus injection of 
oxytocin antagonist was given. 

Fig. 2 illustrates a computer-generated, digitized, an- 
alog signal of uterine activity in a baboon showing 
strong uterine activity and about to deliver. At day 176 
of pregnancy (Fig. 2) 3000 nmol of oxytocin antagonist 
was given as an intravenous bolus injection. Contractile 
activity was immediately suppressed and remained at 
baseline for the remainder of the evening. Because of 
the strength of these contractions and the uterine ac- 
tivity during the preceding nights, it is likely that, if not 
suppressed, delivery would have occurred. The next 
day this animal went into labor as determined by the 
fact that the membranes ruptured, and mucus and 
blood were on the cage floor and in the vaginal area. 
A bolus injection of 3000 nmol of oxytocin antagonist 
caused a precipitate drop in uterine activity, but it was 
not toally eliminated. To determine if the uterine con- 
tractile activity could be totally suppressed, a second 
bolus injection of oxytocin antagonist was given about 
2% hours after the first injection, followed 14% hours 
later with a continuous infusion of oxytocin antagonist 
at 16 nmol/min for 3 hours. The combination of the 
two bolus injections of oxytocin antagonist and the in- 
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Fig. 1. This figure illustrates the effect of infusing the oxytocin 
antagonist (OTA) in an individual baboon at three different 
days of pregnancy when the contractile force (mean ampli- 
tude X frequency) per 30-minute interval reaches significant 
levels. At day 154 (A) the oxytocin antagonist was given initially 
as a bolus injection of 3000 nmol plus infused at 16 nmol/min 
for 1% days. The oxytocin antagonist caused a precipitate 
drop in contractile force, and this force stayed at baseline 
during the infusion period. Similar results were noticed (B) 
when the oxytocin antagonist was infused for 2 hours (day 
164) and 1 hour (day 165). C shows the changes in contractile 
force that occurred when the animal was allowed to deliver. 


fusion totally eliminated uterine activity. The computer 
compression of the data (Fig. 3) gives the appearance 
of some activity, represented as spikes on the chart, but 
when the data were examined at normal spacing, the 
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Fig. 2. Illustrated in the top chart is the computer-generated, digitized signal of uterine activity in a 
baboon showing strong nocturnal activity. As soon as an intravenous bolus injection of 3000 nmol 
of the oxytocin antagonist was given, contractile activity diminished and stayed at baseline the 
remainder of the evening. Bottom, An expanded view of uterine activity at the time the oxytocin 
antagonist was administered. 
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Fig. 3. Depicted in this figure is the same baboon as in Fig. 2 except labor had begun. We assumed 
delivery was imminent because the membranes had ruptured, mucus and blood were on the cage 
floor and in the vaginal area, and she was showing abdominal pushing. Bolus injections of the 
oxytocin antagonist (3000 nmol) caused a precipitate drop in uterine activity, but it was not totally 
eliminated. However, when the oxytocin antagonist was infused at 16 nmol/min, uterine contractile 
activity was totally suppressed. One hour after the oxytocin antagonist infusion was stopped, oxytocin 
(OT) was infused and induced immediate contractile activity that led to delivery of a live fetus in 
about 3% hours. | 
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baseline was essentially flat. After oxytocin antago- 
nist was stopped 1 hour, the animal showed no uterine 
activity. To determine if the uterus would respond 
to exogenous oxytocin after oxytocin antagonist was 
stopped, oxytocin was infused starting at 10 nmol/min 
(5 mU/min) and stepwise increased to 50 nmol/min. 
Uterine contractions started immediately on oxytocin 
infusion; a live fetus was delivered 34 hours later. 


Figs. 4 and 5 depict the summary of all data related 
to nocturnal uterine activity examined within +1 hour 
at 15-minute intervals before or after oxytocin antag- 
onist administration and expressed as amplitude, fre- 
quency, contractile force, and percert contractile force. 
Amplitude, frequency (Fig. 4, A and B), and contractile 
force (Fig. 5, A) showed significant decreases (p < 0.05) 
within the first 15-minute interval after- the oxytocin 
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antagonist administration, with contractile force reflect- 
ing the most dramatic change. The control values be- 
fore oxytocin antagonist (—60, —45, —30, and — 15 
minutes) were significantly (p < 0.05) less than the cor- 
responding oxytocin antagonist group, reflecting the 
rationale for administering the oxytocin antagonist, 
which was to suppress significant uterine contractions 
that might lead to preterm labor. When expressed as 
a percentage of the baseline, the contractile force was 
inhibited by 70% (p < 0.05) within 15 minutes, and this 
force diminished to 90% after 1 hour (Fig. 5, B). The 
control group did not show a significant (p > 0.05) de- 
crease in uterine activity over the same time intervals. 
The mean dose of oxytocin antagonist + SE for 47 
intravenous bolus injections was 1921.3 + 137.5 nmol 
with a range of 500 to 3000 nmol. Of the 47 injections 
of oxytocin antagonist administered, 40 (i.e., 85%) re- 
sulted in significant suppression of uterine activity for 
the remainder of the evening. 

When animals were near or at labor, the mean con- 
tractile force + SEM for the oxytocin antagonist— 
treated group at —60, —-45, 30). + 15, +15, +30, 
+45, and +60 minutes was: 151.0 + 20.6, 162.0 + 
20.71276 16.5; 1527 +3325 = 70, 402 
5.2, 13.3 + 3.8, and 11.4 + 4.2, respectively. Similarly, 
the control values were: 209.0 + 54.1, 130.0 + 36.2, 
164.0 + 28.3, 138.0 + 29.2, 128.5 + 20.3, 187.5 + 
32.1, 160.0 + 28.5, and 243.0 + 34.9, respectively. 
The mean dose of oxytocin antagonist administered + 
SEM for 10 intravenous bolus injections was 2500.0 + 
223.6 nmol with a range of 1000 to 3000 nmol. Animals 
received the oxytocin antagonist during the last 2 to 3 
days before and/or during delivery. These results are 
summarized as percent contractile force in Fig.6. As 
with nocturnal activity, the oxytocin antagonist caused 
an immediate suppression of the percent contractile 
force (p < 0.05). In addition, one of the animals also 
received the oxytocin antagonist during the second 
stage of labor (defined as abdominal pushing in the 
intrauterine pressure recordings) and the uterine ac- 
tivity was immediately suppressed. | 

The mean contractile force + SEM for animals im- 
mediately after operation for 60 minutes before or after 
the oxytocin antagonist administration at the same 
time interval listed above for nocturnal activity was: 
143.3 + 22.0, 126.7 + 29.1, 119.0 + 24.9, 145.8 + 
28.8, 55.4 + 10.3, 40.5 + 6.7, 39.2 + 10.8, and 54.3 + 
10.0, respectively. Similarly, the results for the controls 
were: 73.0 + 10.3, 60.1 + 11.3, 72.6 + 21.9, 55.0 + 
14.6, 36.1 + 8.9, 62.0 + 15.3,55.5 + 13.7, and 49.5 + 
8.9, respectively. When uterine activity was expressed 
as percent contractile force and compared with noc- 
turnal and labor contractions (Fig. 6), the oxytocin an- 
tagonist caused a significant decrease (p < 0.05) related 
to operation, but activity was usually not suppressed to 
baseline as often occurred with nocturnal and labor 
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Fig. 4. This figure summarizes the effects of the oxytocin 
antagonist on the frequency (A) and amplitude (B) of noc- 
turnal uterine activity 60 minutes before or after an intrave- 
nous bolus injection of the oxytocin antagonist was adminis- 
tered. The oxytocin antagonist caused a decrease (asterisk, 
p < 0.05) in frequency and amplitude within the first 15 min- 
utes after injection of the oxytocin antagonist when compared 
with preinjection levels. No significant changes (p > 0.05) 
were seen for the controls when compared with their own 
baseline. However, when control and treated values were com- 
pared, differences were detected (a, p < 0.05). N = 47 and 
N = 19 for oxytocin antagonist and controls, respectively. 
OTA, Oxytocin antagonist. CONT, Controls. Values are 
mean + SEM. 


contractions. At the end of 60 minutes the percent con- 
tractile force was about 40% of baseline compared with 
10% for nocturnal and labor contractions, and this was 
significantly different (p < 0.05). The mean dose of 
oxytocin antagonist administered + SEM was 2416.7 + 
271.3. nmol for six intravenous bolus injections with a 
range of 1500 to 3000 nmol. 


Comment 


The results of this study show that an oxytocin an- 
tagonist is an effective inhibitor of spontaneous uterine 
contractions related to nocturnal activity and labor in 
the baboon. These data have several important impli- 
cations. First, they suggest that oxytocin is a primary 
regulator of uterine activity during pregnancy. This 
does not mean that other factors (e.g., estradiol and 
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Fig. 5. The same nocturnal uterine activity data shown in Fig. 
4 are shown, but they are expressed as contractile force (A) 
and percent ccntractile force (B). A bolus injection of the 
oxytocin antagonist caused a precipitate drop (asterisk, p < 
0.05) in uterine activity of about 70% within 15 minutes, and 


this activity diminished further to 90% inhibition within 60- 


minutes after the oxytocin antagonist injection when com- 
pared with baseline. No differences (p > 0.05) were found in 
controls when compared with baseline values, but differences 
were detected (a, p < 0.05) when compared with treated an- 
imals. The percent contractile force in B was determined by 


averaging the preinjection oxytocin antagonist data and 


dividing all values by this mean. OTA, Oxytocin antago- 
nist. CONT, Controls. Values are mean + SEM. Contractile 
force = (mean amplitude x frequency)/15 minutes. N = 47 
and N = 19 for oxytocin antagonist and controls, respectively. 


prostaglandins) are not important for creating the ap- 
propriate environment or mediating oxytocin action 
but that oxytocin is directly responsible for controlling 
this uterine activity. The uterine activity may be a con- 
sequence of the change in uterine sensitivity to oxy- 
tocin, an increased release of oxytocin, or both. Such 
changes have been shown to occur with 24-hour 
rhythms in the rhesus monkey’? and baboon." Also, 
the studies with the rhesus monkey” have shown that 
an oxytocin antagonist, different from the one in the 
present study, inhibits nocturnal uterine activity in this 
species. The fact that the oxytocin antagonist in the 
present study inhibits not only nocturnal uterine activ- 
ity but also activity related to labor supports the concept 
that oxytocin is also an important regulator of this type 
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Fig. 6. This figure compares the contractile forces as a percent 
of baseline (see Fig. 5 for explanation) for nocturnal, labor, 
and surgery-related uterine activity. Uterine activity was di- 
minished significantly (asterisk, p < 0.05) within 15 minutes for 
all study groups when compared with baseline. However, per- 
cent contractile force in the surgery group was decreased only 
by 60% 60 minutes after the intravenous bolus injection 
of the oxytocin antagonist, and this was statistically different 
(6, p < 0.05) from the nocturnal and labor activity, which was 
diminished by 90%. OTA, Oxytocin antagonist. NOCT, Noc- 
turnal. SURG, Surgery. N = 47, N = 10, and N = 7 for noc- 
turnal, labor, and surgery, respectively. Values are mean + 
SEM. a, Different from the labor group (p < 0.05) but not 
the nocturnal group (p > 0.05). 


of uterine activity. This is an important concept since 
the literature on humans has been ambiguous as to the 
stage of pregnancy or labor (first or second) in which 
oxytocin plays a role.** Assuming that the baboon is an 
appropriate model for human pregnancy, these data 
indicate that oxytocin is probably an important regu- 
lator of spontaneous nocturnal and labor uterine con- 
tractions in humans. These results support the studies 
showing that ethanol inhibits labor by suppressing oxy- 
tocin release.'* '° 

Second, because of the physiologic similarity between 
baboons and humans, it seems likely that the oxytocin 
antagonist will inhibit spontaneous uterine actvity in 
humans. This assumption is supported by reports in 
the literature that a structurally different oxytocin an- 
tagonist can inhibit uterine activity of preterm labor in 
humans.” Thus our own data plus those in the litera- 
ture imply that our oxytocin antagonist has the poten- 
tial of inhibiting preterm labor in humans. 

The fact that the oxytocin antagonist was not as ef- 
fective in suppressing uterine contractile activity 1m- 
mediately after the operation when compared with 
spontaneous nocturnal and labor uterine contractions 
was not unexpected. It is likely that trauma to the uterus 
related to operation releases factors, such as prosta- 
glandins, and these generate the uterine contractions. 
Under these conditions the generator for uterine con- 
tractions is local. However, since oxvtocin release can 
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be induced reflexively (the Ferguson reflex?) by uterine 
contractions, one might expect oxytocin to be released 
and to contribute to this uterine activity. This is sup- 
ported by the observation that the oxytocin antagonist 
appears to suppress uterine activity, but not totally elim- 
inate it, when given immediately after operation. This 
is in contrast, to the effect of the oxytocin antagonist 
on nocturnal uterine contractions and activity related 
to labor that is usually totally suppressed. 

In our studies with the rat? the oxytocin antagonist 
disrupts labor, mainly by delaying its progress, but ìt 
does not appear to be as effective in inhibiting spon- 
taneous uterine contractions as it is in the primate. Thus 
the oxytocin antagonist appears to be more efficacious 
in the primate than in the rat. In addition, the rat often 
showed incidences of diuresis (polydypsia and polyuria) 
while the baboons showed no apparent evidence of this 
potential side effect. Although this side effect is of con- 
cern, clinically it can be compensated by increasing wa- 
ter uptake. The opposite effect, antidiuresis, would be 
of greater concern. 

The observation in Fig. 3 that oxytocin could reini- 
tiate labor within 1 hour after oxytocin antagonist ad- 
ministration is important; if the oxytocin antagonist is 
used clinically, there would be occasions when labor 
needs to be reinitiated after the patient is evaluated. 
This observation suggests that within 1 hour, and per- 
haps less, the uterus will respond to exogenous oxy- 
tocin. Although not shown, the uterus will respond to 
exogenous prostaglandin Fz and E, in the presence of 
oxytocin antagonist. Thus this is another potential 
means of reinitiating labor after oxytocin antagonist 
administration. 

We have observed that the mother can express milk 
and the newborns can suckle within hours after delivery 
even though the oxytocin antagonist was given to the 
mother the dav of or just before delivery. Therefore, 
even though the oxytocin antagonist can inhibit milk 
let-down,® this effect appears to be short-lived and 
should not interfere with nursing within several hours 
after delivery. However, this may not be the situation 
if the oxytocin antagonist is infused for long periods 
of time rather than given as intravenous bolus injections 
as in the present study. 

Finally, it should be emphasized that the oxytocin 
antagonist has both antioxytocin and anti-antidiuretic 
hormone activity. Thus, although it seems likely that 
the oxytocin antagonist inhibits uterine activity by 
blocking endogenous oxytocin, it may be acting by 
blocking antidiuretic hormone as well. There are re- 
ports in the literature suggesting a role for antidiuretic 
hormone in labor." Further studies are needed to assess 
this possibility. 

In summary, we have shown that an oxytocin antag- 
onist is a potent inhibitor of nocturnal uterine con- 
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traction and contraction related to labor in the baboon. 
These data suggest that oxytocin is the primary regu- 
lator of spontaneous nocturnal and labor uterine con- 
traction during pregnancy in the baboon. Because of 
the physiologic similarity between humans and baboons 
the data imply that oxytocin is probably a primary reg- 
ulator of uterine contractions in humans, and thus the 
oxytocin antagonist has the potential of inhibiting uter- 
ine contractions of preterm labor in humans. 


We are indebted to Drs. Peter Nathanielsz, Depart- 
ment of Physiology, College of Veterinary Medicine, 
Cornell University, Ithaca, N.Y., and Raymond Stark, 
Department of Pediatrics, College of Physicians and 
Surgeons of Columbia University, New York, for allow- 
ing us to visit their laboratories and observe and discuss 
techniques required for establishing the tethered ba- 
boon model. In addition, we would like to thank Drs. 
Scott Walsh, Department of Obstetrics and Gynecology, 
Medical School of Virginia, Richmond, and George 
Haluska, Oregon Regional Primate Research Center, 
Portland, for additional advice in developing this 
model. 

We thank Joanne McNeal and Denise Almahdi for 
helping with the baboon surgery and Irma Lopez for 
assistance in the manuscript preparation. Also we ac- 
knowledge the Scientific Computer Workstation and 
the Biostatistics Facility of the Research Resources Cen- 
ter, University of Illinois at Chicago, which provided 
the equipment and assistance necessary to conduct 
these computations. 


REFERENCES 


l. Fuchs A-R. The role of oxytocin in parturition. In: Hus- 
zar G, ed. The physiology and biochemistry of the uterus 
in pregnancy and labor. Boca Raton: CRC Press, 
1986: 163-83. 

2. Mitchell MD. Prostaglandins during pregnancy and the 
perinatal period. J Reprod Fertil 1981;62:305-15. 

3. Walsh SW. 5-Hydroxyeicosatetraenoic acid, leukotriene C, 
and prostaglandin Fz, in amniotic fluid before and during 
term and preterm labor. AM J OBSTET GYNECOL 1989; 
161:1352-60. 

4. Turnbull AC, Patten PT, Flint APF, Keirse MJNC, Jeremy 
JY, Anderson ABM. Significant fall in progesterone and 
rise in oestradiol levels in human peripheral plasma be- 
fore onset of labor. Lancet 1974;1:101-3. 

5. Dawood MY, Ylikorkala O, Trivedi D, Fuchs F. Oxytocin 
in maternal circulation and amniotic fluid during preg- 
nancy. J] Clin Endocrinol Metab 1979;49:429-34. 

6. Leake RD, Weitzman RE, Glatz TH, Fisher DA. Plasma 
oxytocin concentrations in men, nonpregnant women, 
and pregnant women before and during spontaneous la- 
bor. J Clin Endocrinol Metab 1981;53:730-3. 

7. Dawood MY, Raghavan KS, Pociask C. Radioimmunoas- 
say of oxytocin. J Endocrinol 1978;76:261-70. 


8. Padayachi T, Norman RJ, Dhavaraj K, Kemp M, Joubert 
SM. Serial oxytocin levels tn amniotic fluid and maternal 
plasma during normal and induced labour. Br J Obstet 
Gynaecol 1988;95:888-93. 

9. Wilson L, Parsons MT, Ouano L, Flouret G. A new to- 
colytic agent: development of an oxytocin antagonist for 
inhibiting uterine contractions. AM J OBSTET GYNECOL 
1990; 163: 195-202. 

10. Flouret G, Brieher W, Mahan K, Wilson L. Oxytocin an- 


1882 Wilson, Parsons, and Flouret 


11, 
12. 


13. 


14, 


tagonist featuring D-tryptophan at position 2. In: Bayer 
E, Jung G, eds. Peptides 1988. New York: Walter De- 
Gruyter 1989:549-51. 

BMDP statistical software manual, Dixon WJ, ed. 1988 
vol 2. 

Honnebier MBO, Myers T, Figueroa JP, Nathanielsz PW. 
Variation in myometrial response to intravenous oxytocin 
administration at different times of the day in the preg- 
nant rhesus monkey. Endocrinology 1989;125:1498-503. 
Honnebier MBO, Figueroa JP, Rivier J, Vale W, Nathan- 
ielsz P. Studies in the role of oxytocin in late pregnancy 
in the rhesus monkey. J Dev Physiol 1989;12:225-32. 
Morgan M, Silavin S, Myers T, Fishburne J, Nathanielsz 
P. Profiles of maternal plasma oxytocin (OT) concentra- 
tion in baboons in the last trimester of pregnancy [Ab- 
stract 25]. In: Uterine contractility: mechanisms of con- 
trol. St. Louis: Serono Symposium, March 17-20, 1990. 


ED. 


16. 


17. 


18. 


19. 


December 1990 
Am J Obstet Gynecol 


Fuchs F, Fuchs AR, Poblete VF, Risk A. Effect of alcohol 
on threatened premature labor. AM J OBSTET GYNECOL 
1967;99:627-37. 
Lauersen NH, Wilson KH, Fuchs F. The inhibitory effect 
of ethanol on oxytocin-induced labor. J Reprod Med 
1981;26:547-50. 
Akerlund M, Stromberg P, Hauksson A, et al. Inhibition 
of uterine contractions of premature labour with an oxy- 
tocin analogue. Br J Obstet Gynaecol 1987;94:1040-4. 
Ferguson JKW. A study of the motility of the intact uterus 
at term. Surg Gynecol Obstet 1946;73:356-66. 
Ivanisevic M, Behrens O, Helmer H, Demarest K, Fuchs 
A-R. Vasopressin receptors in human pregnant myome- 
trium and decidua: interactions with oxytocin and vaso- 
ressin agonists and antagonists. AM J OBSTET GYNECOL 
1989; 161:1637-43. 





Make researching easier with the Ten-Year Cumulative Index (1978-1987) to the AMER- 
ICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 

The Ten-Year Cumulative Index is a complete guide to more than 30,000 pages of 
original articles, case reports, letters, and editorials published in the AMERICAN JOURNAL 
OF OBSTETRICS AND GYNECOLOGY from 1978 through 1987 (volumes 130 to 157). Num- 
bering more than 800 pages, the Cumulative Index includes both a subject and an author 
index. This hard-cover volume is $64.50 ($69.00 international). Prices include shipping. 
Payment must accompany all orders and must be in U.S. funds, drawn on a U.S. bank. 

Contact Mosby—Year Book, Inc., Circulation Department, 11830 Westline Industrial 
Drive, St. Louis, Missouri 63146-3318 USA; phone (314) 872-8370, ext. 7394. In the 
U.S., call toll-free: 1-800-325-4177, ext. 7394. Please allow six weeks for delivery. 













Evidence of a role for protein kinase C in epidermal growth 
factor—induced prostaglandin E, synthesis in amnion cells 


Douglas A. Kniss, PhD, John Mershon, MD; Hsing-Chih Su, BS,” Jiri Sonek, MD, 
Richard H. Fertel, PhD,’ Michael Waxman, BS; Jay D. Iams, MD,’ and 


Steven G. Gabbe, MD* 
Columbus, Ohio 


Human amnion cells synthesize and release prostaglandin E, in response to epidermal growth factor. 

The protein kinase C activator, phorbol 12-myristate, 13-acetate also stimulates amnion cell prostaglandin 
E, synthesis. We used a human amnion cell line (WISH) to conduct in vitro experiments to investigate 

a potential role of protein kinase C in the signal transduction pathway leading to epidermal growth 
factor-induced prostaglandin E, production. Pretreatment of cultured amnion cells with a low, 
nonstimulating dose of phorbol 12-myristate, 13-acetate potentiated the action of epidermal growth 

factor in causing prostaglandin E, production as measured by radioimmunoassay. The protein kinase 
C--selective inhibitor staurosporine inhibited epidermal growth factor—induced prostaglandin E, production, 
further suggesting a role for protein kinase C in epidermal growth factor action. Experiments were 
conducted in which amnion cells were rendered protein Kinase C—deficient by chronic exposure to phorbol! 
ester, which has bgen shown to down-regulate the enzyme. In these cells, epidermal growth factor caused 
prostaglandin E, synthesis at levels comparable to native (non-protein kinase C—deficient) cells. We 
conclude that protein kinase C plays a more modulatory than direct role in the epidermal growth factor 
signal transduction cascade that leads to prostaglandin E, production by amnion cells. We propose a 
bifurcating transduction scheme in which, under conditions of protein kinase C inactivation, epidermal 
growth factor alone causes prostaglandin E, synthesis. When protein kinase C is activated by as yet 
unknown endogenous substances, the epidermal growth factor responsiveness of the amnion cells is 
greatly enhanced. This pathway could have important implications in a feed-forward mechanism regulating 
the level of prostaglandin E, production during the onset of labor. (Am J Osstet GYNECOL 1990;163: 


1883-90.) 
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It is now well established that prostaglandins E, 
(PGE.) and Foa (PGF,,) are the active mediators of two 
key parturitional events, cervical ripening and myome- 
trial contractions. Arachidonic acid and prostaglandins 
accumulate in amniotic fluid in association with the on- 
set of labor at term.’ In addition, Romero et al.* have 
reported the presence of high levels of PGE, and PGF,, 
in amniotic fluid samples obtained from women in pre- 
term labor complicated by intraamniotic infection. The 
human amnion membrane is thought to be a major con- 
tributor to the amniotic fluid pool of PGE, and as such, 
the fetal membranes may play an important role in the 
onset of labor.** However, it is not yet clear which sig- 
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nal molecules govern amnion prostaglandin produc- 
tion. One candidate molecule is epidermal growth fac- 
tor. Because epidermal growth factor levels in human 
amniotic fluid increase steadily from 30 to 40 weeks’ 
gestation and epidermal growth factor stimulates the 
production of PGE, in primary cultures of human am- 
nion cells, investigators proposed that this molecule 
plays an important role in perinatal development and 
parturition.*” Moreover, epidermal growth factor has 
been suggested to be derived, at least in part, from the 
fetal kidney, thus supporting the hypothesis that the 
signal triggering labor in women emanates from the 
fetus. 5° Epidermal growth factor is thus an attractive 
molecule for further studies of the regulation of am- 
nion cell prostaglandin production. 

There is evidence that activation of protein ki- 
nase C by tumor-promoting phorbol esters causes 
PGE, synthesis in amnion cells, and calcium- 
sensitive/phospholipid-dependent protein kinase activ- 
ity has been characterized in amnion tissue.’*'? Because 
epidermal growth factor in other cell systems acts at 
least partially via a protein kinase C—mediated mech- 
anism, we sought to determine whether protein kinase 
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C activation was involved in epidermal growth factor— 
induced PGE, synthesis in human amnion cells.’ For 
our studies, we used the established human amnion cell 
line (WISH) as a model system." Harris et al. have re- 
ported that WISH cells respond te phorbol esters and 
epidermal growth factor by producing PGE», as do pri- 
mary cultures of human amnion cells. 

WISH cells have the added advantages of being more 
stable and providing a more homogeneous population 
of cells than primary amnion cell cultures. Our data 
suggest that epidermal growth factor may exert part 
of its PGE, synthesizing action via a protein kinase C— 
associated pathway. 


Material and methods 


Cell cultures. The established human amnion cell 
line (WISH) obtained from the American Type Culture 
Collection (ATCC, CCL25) was maintained in Ham’s 
F12/Dulbecco’s modified Eagle’s medium (1:1) sup- 
plemented with 2 mmol/L L-glutamine, | mmol/L so- 
dium pyruvate, 50 ug/ml gentamicin sulfate, and 10% 
newborn calf serum. The cells were subcultured once 
weekly, and, when used for experiments, were seeded 
into NUNC 24-well plates (2 x 10° cells per well) or 
Corning 12-well plates (5 x 10° cells per well). After 2 
days’ growth, the cells were 80% to 90% confluent; they 
were then rinsed with serum-free F12/Dulbecco’s mod- 
ified Eagle’s medium and treated with test substances. 
The cells were stimulated for 4 to 12 hours. The in- 
cubation media were collected and analyzed for the 
presence. of PGE, by specific radioimmunoassay (RIA). 

PGE,-specific radioimmunoassay. Media collected 
from stimulated WISH cell cultures were analyzed for 
the presence of PGE, by specific RIA with anti-PGE, 
prepared by inoculating domestic chickens with PGE.- 
keyhole limpet hemocyanin conjugate. The full proto- 
col for the preparation of this antibody has been pub- 
lished elsewhere.’ The percent cross-reactivity for this 
antibody is as follows: arachidonic acid, 0.01%; PGA, 
0.16%; PGD,, 1.6%; PGE,, 100%; PGF,,, 3.2%; PGF.,, 
0.75%; 6-keto-PGF,,, 0.05%; thromboxane B., 0.41%. 

Tritiated phorbol 12,13-dibutyrate binding studies. 
WISH cells were seeded into Costar 12-well plates at 
2.5 X 10® cells per well in F12/Dulbecco’s modified Ea- 
gle’s medium + 10% newborn calf serum. One day af- 
ter plating the cells were exposed to 1 pmol/L phorbol 
12,13-dibutyrate or 0.001% dimethyl sulfoxide in the 
same media for 48 hours. After exposure to phorbol 
12,13-dibutyrate, the cells were rinsed five times with 
warm Ham’s F10 supplemented with 15 mmol/L Hepes 
(pH 7.2) and | mg/ml bovine serum albumin. The cells 
were then exposed to tritiated phorbol 12,13-dibutyrate 
(1 to 50 nmol/L) for 60 min at 37° C. Nonspecific 
binding was assessed by treating companion wells with 
1 pmol/L phorbol 12-myristate, 13-acetate during the 
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binding interval and subtracting the amount of ligand 
bound in the presence of phorbol 12-myristate, 13- 
acetate from total binding. After the binding period 
the cells were rinsed extensively with F10 medium and 
then solubilized with 1% Triton X-100/1% sodium do- 
decyl sulfate. Radioactivity was counted by liquid scin- 
tillation spectrometry. 

Protein kinase C down-regulation studies. To down- 
regulate protein kinase C in the WISH cells, they were 
treated 1 day after seeding with 1 pmol/L phorbol 
12,13-dibutyrate or 0.001% dimethyl sulfoxide as de- 
scribed. Two days after phorbol treatment the cells 
were rinsed extensively to remove the phorbol 12,13- 
dibutyrate and were then treated with epidermal 
growth factor, phorbol 12-myristate, 13-acetate, or ve- 
hicle. Preliminary experiments with tritiated phorbol 
12,13-dibutyrate as a tracer demonstrated that with ex- 
tensive rinsing 95% of the phorbol 12,13-dibutyrate 
could be removed from the cells. 

Statistical analysis. Each experiment was performed 
with six replicates per condition. In all cases the ex- 
periments were repeated a minimum of two times. The 
data were analyzed with Student’s ¢ test (two-tailed) to 
determine statistically significant differences between 
control and treatment groups. 

Material. All tissue culture reagents were obtained 
from Gibco/BRL (Grand Island, N.Y.). Phorbol esters 
and dimethyl sulfoxide were purchased from Sigma 
Chemical Co. (St. Louis). Murine epidermal growth fac- 
tor was from Collaborative Research (Bedford, Mass.). 
Staurosporine was obtained from Boehringer Mann- 
heim (Indianapolis). Tritiated PGE, was purchased 
from Amersham (Arlington Heights, HL). 


Results 


Effect of phorbol esters on PGE, synthesis in am- 
nion cells. To determine whether protein kinase C is 
associated with PGE, production in WISH cells, we in- 
cubated cells with phorbol 12-myristate 13-acetate, 
phorbol 12,13-dibutyrate, or 4a-phorbol at concen- 
trations ranging from 1077 to 107" mol/L. Our re- 
sults (Fig. 1) indicate that, at a concentration of 1077 
mol/L, phorbol 12-myristate, 13-acetate caused an 
eighteenfold increase in PGE, production versus con- 
trol (p < 0.001). Phorbol 12,13-dibutyrate, a less potent 
analog of phorbol 12-myristate, 13-acetate, caused a 
tenfold increase in PGE, production (p < 0.01). In con- 
trast, the inactive phorbol, 4a-phorbol, had no effect 
on PGE, production. On the basis of this experiment, 
we concluded that active phorbol esters stimulate PGE, 
production in WISH cells. 

Synergistic effect of epidermal growth factor and 
phorbol 12-myristate, 13-acetate on PGE, synthesis. 
To determine whether epidermal growth factor and 
phorbol 12-myristate, 13-acetate act via a similar mech- 
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Fig. 1. Phorbol dose-response. WISH cells were seeded into 24-well plates at 2 x 10° cells/well and 
grown for 2 days. The cells were then treated with either phorbol 12-myristate, 13-acetate, phorbol 
12,13-dibutyrate, or 4a-phorbol at concentrations ranging from 1077 to 10°" mol/L in F12/Dul- 
beccə’s modified Eagle’s medium plus 10% newborn calf serum. Control cultures were incubated 
with 0.01% dimethyl] sulfoxide. After 12 hours of stimulation, the media were collected and analyzed 
for the presence of PGE» by radioimmunoassay. The data, expressed as picograms of PGE, produced 
per well per 12 hours, represent the mean + SEM of six replicates per condition and are repre- 
sentative of two individual experiments. Student’s é test revealed significant differences between 1077 
mol/L phorbol 12-myristate, 13-acetate and control and 107’ mol/L phorbol 12,13-dibutyrate and 
control, p < 0.001. All other phorbol concentrations were not significantly different from controls 
(p > 0.05). (C, Control; squares, phorbol 12-myristate, 13-acetate; (angles, phorbol 12,13-dibutyrate; 


circles, 4a-phorbol.) 


anism, we studied the effect of a stimulatory concen- 
tration of epidermal growth factor (10 ng/ml) on am- 
nion cell PGE, synthesis in the presence or absence of 
a substimulatery dose of phorbol 12-myristate, 13- 
acetate (1 nmol/L). Our results (Fig. 2) indicate that 
10 ng/ml of epidermal growth factor caused a tenfold 
increase in PGE, production by the WISH cells after a 
4-hour incubation period (p < 0.001). At a concentra- 
tion of 1 nmol/L, phorbol 12-myristate, 13-acetate had 
a minimal effect on PGE, production. This is in accord 
with the previous dose-response experiments with 
phorbol 12-myristate, 13-acetate (Fig. 1). However, 
when epidermal growth factor was coincubated with 
1 nmol/L phorbol 12-myristate, 13-acetate, there was 
a fifteenfold enhancement of PGE, synthesis over con- 
trol, and a 65% enhancement over epidermal growth 
factor alone (p < 0.001). These results suggest that a 
concentration of phorbol 12-myristate, 13-acetate that 
itself is not stimulatory is capable of enhancing the ef- 
fect of epidermal growth factor. To further test this 
idea, we preincubated the cells with phorbol 12- 
myristate, 13-acetate, removed the phorbol by thor- 
ough washing of the cells, and then treated the cells 
with a sumulatory dose of epidermal growth factor. Our 
results (Fig. 3) indicate that preincubation with phorbol 


12-myristate, 13-acetate alone had little effect on PGE, 
production. In contrast, the epidermal growth factor 
response was stimulated nearly threefold by prior ex- 
posure of the cells to phorbol 12-myristate, 13-acetate 
(p < 0.001). The inactive phorbol, 4a-phorbol, which 
does not activate protein kinase C, had no effect on the 
epidermal growth factor response (data not shown). On 
the basis of these studies, we conclude that pretreat- 
ment or coincubation with a low dose of phorbol 12- 
myristate, 13-acetate (1 nmol/L) significantly enhances 
the responsiveness of the amnion cells to epidermal 
growth factor. 

Effect of protein kinase C inhibitors on epidermal 
growth factor—induced PGE, synthesis. To test fur- 
ther the relationship between epidermal growth fac- 
tor and protein kinase C activation, WISH cell cul- 
tures were pretreated with the protein kinase C inhib- 
itor staurosporine for 30 minutes before epidermal 
growth factor exposure. Preliminary experiments dem- 
onstrated that staurosporine was able to inhibit phorbol 
12-myristate, 13-acetate—induced PGE, synthesis in a 
dose-dependent manner (data not shown). Our results 
(Fig. 4) indicate that staurosporine inhibited epidermal 
growth factor-induced PGE, production in a dose- 
dependent manner. A concentration of 5 nmol/L stau- 
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Fig. 2. Phorbol 12-myristate, 13-acetate enhancement of epi- 
dermal growth factor—induced PGE. synthesis. WISH cell cul- 
tures were seeded into 24-well plates at 2 x 10° cells/well and 
grown for 2 days. The cells were then treated with epidermal 
growth factor (10 ng/ml) in the presence of 1 nmol/L phorbol 
]2-myristate, 13-acetate. Control cultures received 0.0001% 
dimethyl! sulfoxide. After a 4-hour incubation period, PGE, 
in the culture media was measured by radioimmunoassay. 
The data represent mean + SEM of six replicates per con- 
dition and are representative of two separate experiments. 
(p < 0.001, epidermal growth factor vs phorbol 12-myristate, 
]3-acetate + epidermal growth factor.) 


rosporine caused a 43% reduction in PGE, synthesis 
compared with epidermal growth factor alone. At 100 
nmol/L staurosporine, PGE, synthesis in response to 
epidermal growth factor was reduced by 65%. Stau- 
rosporine alone had no effect on PGE, production (data 
not shown). These results provide further evidence for 
the role of protein kinase C in the prostaglandin syn- 
thetic pathway. | 
Effect of protein kinase C down-regulation on epi- 
dermal growth factor—induced PGE, synthesis. If pro- 
tein kinase C is the only pathway by which epidermal 
growth factor can stimulate the production of PGE, in 
amnion cells, then down-regulation of the enzyme 
should diminish or abolish the epidermal growth factor 
response. To test this possibility, we preincubated the 
cells with phorbol 12,13-dibutyrate (1 pmol/L) for 48 
hours to down-regulate protein kinase C. Previous 
studies have shown that long-term exposure to a high 
dose of phorbol ester is sufficient to eliminate nearly 
all the protein kinase C.'" °° To verify the down- 
regulation phenomenon, we used tritiated phorbol 
12,13-dibutyrate to evaluate the presence of phorbol 
binding sites (i.e., protein kinase C) after chronic phor- 
bol exposure. As predicted, there was an 85% reduction 
in phorbol binding sites in chronically phorbol-treated 
cells compared with vehicle-treated (dimethyl sulfox- 
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Fig. 3. Phorbol 12-myristate, 13-acetate preincubation aug- 
ments the epidermal growth factor response. WISH cells were 
seeded into 24-well plates at 2 x 19° cells/well in F12/Dul- 
becco’s modified Eagle’s medium + 10% newborn calf serum 
and grown for 2 days. The cells were then fed fresh medium 
(serumfree F12/Dulbecco’s modified Eagle’s medium) con- 
taining phorbol 12-myristate, 13-acetate (0.1 pmol/L) or di- 
methyl! sulfoxide (0.01%) for 4 hours. After the preincubation 
period the cells were rinsed thoroughly with serumfree 
F12/Dulbecco’s modified Eagle’s medium and then exposed 
to epidermal growth factor (10 ng/ml) in FI2/Dulbecco’s 
modified Eagle’s medium + 10% newborn calf serum. Con- 
trol cultures received medium alone. After an additional 4- 
hour incubation period, PGE, in the media was measured by 
radioimmunoassay. The data represent mean + SEM of six 
replicates per condition and are representative of four similar 
experiments. 


ide) controls (Fig. 5, inset). On the basis of this study, 
we conducted experiments to examine the effect 
of protein kinase C down-regulation on epidermal 
growth factor—induced PGE, synthesis. When the cells 
were chronically exposed to | pmol/L phorbol 12,13- 
dibutyrate and then challenged with phorbol ' 12- 
myristate, 13-acetate 48 hours later, there was a com- 
plete diminution of phorbol 12-myristate, 13-acetate— 
induced PGE, production (Fig. 5, > 0.01 for dimethyl 
sulfoxide vs phorbol 12,13-dibutyrate pretreatment in 
the phorbol 12-myristate, 13-acetate—treated group). 
In contrast, when protein kinase C “ceficient” cells were 
challenged with epidermal growth factor, there was no 
apparent reduction in PGE, synthesis. In fact, there 
was a modest, albeit statistically significant, enhance- 
ment of epidermal growth factor-induced PGE, pro- 
duction (Fig. 5, p < 0.05, for dimethyl sulfoxide vs 
phorbol 12,13-dibutyrate pretreatment in epidermal 
growth factor—treated group). These data suggest that, 
although protein kinase C is likely involved in epider- 
mal growth factor-induced PGE, production by am- 
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nion cells, a protein kinase C—zndependent pathway may 
also exist. 


Comment 


In this study we sought to determine whether epi- 
dermal growth factor—induced PGE, synthesis in cul- 
tured human amnion cells was mediated via a protein 
kinase C—dependent pathway. For our studies we used 
the immortal human amnion cell line (WISH) as a 
model system. A previous report by Harris et al.’* pro- 
vided evidence that WISH cells respond to phorbol 
esters and epidermal growth factor by producing ei- 
cosanoids (primarily PGE,). Similar results have been 
reported by several laboratories using primary amnion 
cell cultures. '® ' 2! In our hands, the WISH cell line 
has been much more stable than primary amnion cell 
cultures prepared from fetal membranes obtained at 
cesarean section. Thus we believe that the WISH cells 
offer another model system for studies of the mecha- 
nisms governing PGE, production in amnion cells. 

Our studies, in which a low, nonstimulating concen- 
tration of phorbol 12-myristate, 13-acetate augmented 
the epidermal growth factor response, suggest that pro- 
tein kinase C activation may be involved in the trans- 
duction pathway leading to epidermal growth factor— 
induced prostaglandin synthesis in amnion cells. A 
recent report by Sanders and Myatt” has clearly estab- 
lished a role for protein kinase C in the amnion cell 
prostaglandin cascade by showing that several putative 
inhibitors of protein kinase C abolished phorbol 12- 
myristate, 13-acetate—induced PGE, production. Our 
results are in accordance with the findings of Margolis 
et al,™ who reported that, in rat kidney glomerular 
mesangial cells, epidermal growth factor and phorbol 
esters interacted synergistically to stimulate arachidonic 
acid liberation and PGE, production. In addition, our 
studies showing that the inactive phorbol ester 4a- 
phorbol failed to synergize with epidermal growth fac- 
tor provide further evidence that activation of protein 
kinase C by active phorbols (i.e., phorbol 12-myristate, 
13-acetate) is required for potentiation of the epider- 
mal growth factor signal. To test this concept further, 
we used the selective protein kinase C inhibitor stau- 
rosporine. Although staurosporine shows some inhib- 
itory activity for cyclic adenosine monophosphate— 
dependent and calctum/calmodulin-dependent pro- 
tein kinases, it appears to be fairly selective for protein 
kinase C, especially at lower concentrations (e.g., 5 to 
50 nmol/L). 

Staurosporine reduced epidermal growth factor— 
induced PGE, synthesis at concentrations as low as 
5 nmol/L. However, complete inhibition of the epi- 
dermal growth factor response was not achieved even 
at 100 nmol/L staurosporine. This result suggests the 
possibility that protein kinase C activation is not an 
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Fig. 4. Staurosporine inhibits EGF—induced PGE, synthesis. 
WISH cells were seeded into 24-well plates at 2 x 10° 
cells/well in F12/Dulbecco’s modified Eagle’s medium + 10% 
newborn calf serum and grown for 2 days. The cells were then 
fed with fresh medium containing 5 to 100 nmol/L stauro- 
sporine. Control cultures received 0.01% dimethyl sulfoxide. 
After a 30-minute preincubation with staurosporine the cells 
were treated with epidermal growth factor (10 ng/mi) for 4 
hours. Media were collected and analyzed for the presence of 
PGE, by radioimmunoassay, The data represent mean + SEM 
of six replicates per condition and are representative of three 
similar experiments. 


absolute requirement for epidermal growth factor— 
induced PGE, production in amnion cells, but plays a 
more modulatory role. In an attempt to confirm the 
role of protein kinase C in epidermal growth factor— 
induced PGE, synthesis, we performed protein kinase 
C down-regulation experiments. WISH cells were ex- 
posed chronically to a high concentration of phorbol 
12,13-dibutyrate. The more hydrophilic phorbol 12,13- 
dibutyrate was chosen for preexposure because prelim- 
inary studies had established that it was more easily 
washed from the cells than was phorbol 12-myristate, 
13-acetate (data not shown). Phorbol 12-myristate, 13- 
acetate, which is more lipophilic, appears to be more 
tightly sequestered within the cell membrane, thus 
making washout more difficult. After 48 hours, by use 
of radioligand-binding techniques, we demonstrated an 
85% reduction in tritiated phorbol 12,13-dibutyrate 
binding sites, suggesting a net loss of protein kinase C 
molecules (i.e., protein kinase C—dcleficient cells).°°°? As 
expected, when the cells were subsequently challenged 
with phorbol 12-myristate, 13-acetate, they were unable 
to produce PGE». In contrast, epidermal growth factor 
stimulated PGE, production in downregulated cells at 
levels comparable with cells treated with vehicle alone. 
In fact, there was actually a slight augmentation of the 
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Fig. 5. Phorbol ester—induced protein kinase C down-regulation. WISH cells were seeded into 24- 
well plates at 2 X 10° cells/well in F12/Dulbecco’s modified Eagle’s medium + 10% newborn calf 
serum and grown for | day. The cells were then exposed to phorbol 12,13-dibutyrate (1 pmol/L) 
or dimethy! sulfoxide (0.01%). After 48 hours the cells were rinsed thoroughly with serum-free 
F12/Dulbecco’s modified Eagle’s medium and then fed fresh F12/Dulbecco’s modified Eagle’s me- 
dium + 10% newborn calf serum. The cells were exposed to epidermal growth factor (10 ng/ml), 
phorbol 12-myristate, 13-acetate (0.1 pmol/L), or dimethyl sulfoxide (0.01%). After a 4-hour stim- 
ulation period the mecia were collected and analyzed for the presence of PGE, by radioimmunoassay. 
The data represent mean + SEM of six replicates per condition and are representative of two similar 
experiments. /nset, Tritiated phorbol 12,13-dibutyrate binding in protein kinase C downregulated 
cells. WISH. cells were seeded into 12-well plates at 2.5 x 10° per well in F12/Dulbecco’s modified 
Eagle’s medium + 10% newborn calf serum and grown for | day. The cells were then exposed to 
phorbol 12,13-dibutyrate (1 pmol/L) or dimethyl sulfoxide (0.01%). After 48 hours of phorbol 
exposure, the cells were then rinsed with FIO + 15 mmol/L HEPES (pH 7.2) and 1 mg/ml bovine 
serum albumin. Tritiated phorbol 12,13-dibutyrate binding was conducted with 1] to 50 nmol/L 
radioligand for 1 hour at 37° C as described in Material and methods. The data represent picomoles 
per well of specifically bound tritiated phorbol 12,13-dibutyrate (triplicates determinations per con- 
dition) and are representative of two similar experiments. (Solid symbols, phorbol 12,13-dibutyrate- 
treated; open symbols, dimethyl sulfoxide-treated). 
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epidermal growth factor response. These results argue 
strongly that protein kinase C activation is not an ab- 
solute requisite for the epidermal growth factor re- 
sponse in amnion cells. 

Margolis et al.™ concluded, on the basis of protein 
kinase C down-regulation experiments, that protein ki- 
nase C did not mediate the effects of epidermal growth 
factor in rat kidney cells. They reported that long-term 
phorbol treatment failed to abolish epidermal growth 
factor—induced PGE, synthesis in the cells. However, 
they did find a decrease, albeit incomplete, in the epi- 
dermal growth factor/phorbol 12-myristate, 13-acetate 
synergism in the absence of phorbol 12-myristate, 13- 
acetate pretreatment (see Fig. 5 and reference 24). Al- 
though the down-regulation experiments are instruc- 
tive, it must be stressed that the failure to abolish the 
epidermal growth factor response in protein kinase C— 
deficient cells is not de facto evidence for the lack of a 


role for protein kinase C in the epidermal growth factor 
transduction pathway. 

Our studies showing that phorbol 12-myristate, 13- 
acetate markedly potentiated the epidermal growth fac- 
tor response and staurosporine inhibited it provide 
compelling evidence that protein kinase C plays a sig- 
nificant modulatory role in epidermal growth factor— 
induced PGE, synthesis. Modulation of the epidermal 
growth factor trarisduction pathway by protein kinase 
C could occur at one of several sites. First, it is possible 
that phorbol-induced modulation of the epidermal 
growth factor receptor supersensitizes the amnion cells 
to epidermal growth factor. Such modulation of the 
epidermal growth factor receptor in WISH cells has 
been reported by Karasaki et al.® Another putative 
target for protein kinase C moduiation of the epidermal 
growth factor transduction mechanism is at the level of 
a guanine nucleotide—binding regulatory protein (G 
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protein), which is thought to be interposed between the 
epidermal growth factor receptor and the effector sys- 
tem(s) with which it interacts.” °° Protein kinase C— 
mediated G protein phosphorylation has indeed been 
demonstrated in other systems.”™® A third possible pro- 
tein kinase C target is phospholipase A., cyclooxygen- 
ase, or both. Experiments are currently in progress in 
our laboratory to define the role of protein kinase C in 
the liberation of arachidonic acid by phospholipase A, 
in amnion cells. Furthermore, it is possible that protein 
kinase C augments the induction of prostaglandin Ha 
synthase by epidermal growth factor.” 

In light of our potentiation and inhibitor studies, it 
is premature to discount a modulatory role for protein 
kinase C in epidermal growth factor—induced PGE, 
production solely on the basis of the failure of protein 
kinase C down-regulation to abrogate the epidermal 
growth factor response. It is more likely that a complex 
modulatory event(s) exists at one or more of the sites 
described to augment the epidermal growth factor re- 
sponse. We propose a bifurcating mechanism in which 
epidermal growth factor, under conditions of protein 
kinase C inactivation, is capable of inducing PGE, pro- 
duction alone. Under the influence of an as yet un- 
known endogenous activator of protein kinase C, how- 
ever, the sensitivity of the amnion cells to epidermal 
growth factor is greatly augmented, thus leading to a 
markedly enhanced response. 


We thank Dr. Chad Friedman for his constructive 
comments regarding the manuscript. 
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Lymphokine production during term human pregnancy: 
Differences between peripheral leukocytes and decidual cells 


Donald J. Dudley, MD, Murray D. Mitchell, DPhil, Kathryn Creighton, BS, and 


D. Ware Branch, MD 
Salt Lake City, Utah 


Although the fetus is considered to be an “allograft,” there is little information concerning the role of 
lymphokines in human pregnancy. Lymphokines are polypeptides secreted by stimulated lymphocytes that 
direct the immune response by enabling immune effector cells to communicate with each other. To 
characterize lymphokine production during normal human pregnancy, we isolated peripheral leukocytes 
and decidual lymphocyte-like cells from women undergoing repeat cesarean section at term. After 
stimulation with mitogen and paternal antigen for 24 hours, culture supernatants were assayed for 
granulocyte-macrophage colony-stimulating factor and interleukin-2 by enzyme-linked immunosorbent 
assay. There was no difference in the amount of interleukin-2 produced by stimulated peripheral and 
decidual cells. However, granulocyte-macrophage colony-stimulating factor production by stimulated 
decidual lymphocyte-like cells was significantly greater than granulocyte-macrophage colony-stimulating 
factor produced by peripheral lymphocytes. Decidual lymphocyte-like cells produced 
granulocyte-macrophage colony-stimulating factor both spontaneously and after stimulation with mitogen or 
paternal antigen, whereas peripheral leukocytes did not. This suggests that the decidua constitutes a 
distinct immunologic microenvironment. (AM J OssteT GYNECOL 1990;163:1890-3.) 


Key words: Pregnancy, lymphokines, granulocyte-macrophage colony-stimulating factor, 


interleukin-2 


Our knowledge of the immunologic relationship be- 
tween the mother and conceptus is incomplete. The 
conceptus appears to elicit a specific maternal immune 
response consisting of antibody production’ and 
changes in maternal cellular immunity. This is detected 
as diminished proliferation of maternal peripheral 
blood leukocytes to irradiated paternal peripheral 
blood leukocytes in a mixed leukocyte culture.” How- 
ever, some investigators believe that the important cel- 
lular immune responses to fetopaternal antigens occur 
in the decidua at the maternal-fetal interface.* It is cur- 
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rently thought that these decidual immune responses 
are beneficial to the survival of the conceptus.* 

Cellular immune responses are characterized by the 
production of a variety of polyseptides known: as lym- 
phokines. Little information concerning the role of 
lymphokines in protecting the fetal allograft is avail- 
able. Moreover, few studies have addressed the func- 
tion of lymphoid cells in the human decidua. The pur- 
pose of our study was to characterize lymphokine pro- 
duction during normal human pregnancy, comparing 
the production of granulocyte-macrophage colony- 
stimulating factor and interleukine-2 by peripheral leu- 
kocytes with that of decidual lymphocyte-like cells. We 
hypothesized that the decidua constitutes a distinct im- 
munologic environment that supports immune effector 
cells that produce lymphokines different from those 
produced by peripheral leukocytes. 


Material and methods 


Placentas were obtained aseptically from normal hu- 
man pregnancies at term repeat cesarean section. The 
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membranes were isolated and rinsed in Dulbecco's 
modified Eagle’s medium. A modification of the 
method described by Delvin et al.* was used to isolate 
decidual lymphocyte-like cells. The decidua adherent 
to the maternal side of the chorion laevae was removed 
by sharp dissection to yield a cell homogenate. To dis- 
perse the cells, the homogenate was mixed with 63 units 
of collagenase per milliliter of Dulbecco’s modified Ea- 
gle’s medium (100 ml total volume) at 37° C for 60 
to 120 minutes. The cell homogenate was filtered 
through a gauze mesh to remove large debris. The cells 
then were centrifuged over Histopaque 1077 (Sigma, 
St. Louis) at 1000 g for 30 minutes to isolate the 
lymphocyte-like cell fraction. This fraction was aspi- 
rated and rinsed. The culture medium used through- 
out these experiments was RPMI with 1% Nutridoma- 
HU (Boehringer-Mannheim, Indianapolis) and anti- 
biotics (100 U/ml penicillin G sodium, 100 U/ml 
streptomycin sulfate, and 0.25 pg/ml amphotericin B, 
Gibco Laboratories, Grand Island, N.Y.). 

Heparinized peripheral blood was collected from the 
prospective mother and father just before the cesarean 
section. Peripheral blood leukocytes were isolated by 
standard techniques (Sigma Diagnostics, procedure 
1077). The blood was diluted 1:1 with culture medium 
and then centrifuged over Histopaque 1077 at 1000 g 
for 30 minutes. The buffy coat was aspirated and 
rinsed. 

Separate cell suspensions of maternal peripheral 
blood leukocytes and decidual cells were adjusted to 
10° cells/ml and duplicate 1 ml suspensions of each 
were placed in 24-well tissue culture plates. The cells 
were stimulated with 10 g/ml of concanavalin A and 
incubated for 24 hours at 37° C. Supernatants were 
collected and stored at — 20° C until assayed. 

To evaluate the maternal peripheral lymphocyte and 
the decidual lymphocyte-like cell response to paternal 
antigen, 5 X 10° maternal peripheral blood leukocytes 
or decidua! cells were coincubated with a similar num- 
ber of irradiated (2000 rads) paternal cells for 24 hours. 
Unstimulated control cultures were established for both 
cell populations in all experiments. Culture superna- 
tants were collected and stored at — 20° C until assayed. 

Supernatants were assayed for granulocyte-macro- 
phage colony-stimulating factor and interleukin-2 with 
commercially available enzyme-linked tmmunosorbent 
assay kits (Genzyme, Boston). The limits of sensitivity 
for the interleukin-2 enzyme-linked immunosorbent 
assay range from 0.3 ng/ml to 20.8 ng/ml. The in- 
traassay coefficient of variation ranges from 2% to 6% 
and the interassay coefficient of variation is approxi- 
mately 4%. For the granulocyte-macrophage colony- 
stimulating factor enzyme-linked immunosorbent as- 
say, the limits of sensitivity range from 0.008 ng/ml to 
1.0 ng/ml. The intraassay coefficient of variation 
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Fig. 1. Granulocyte-macrophage colony-stimulating factor 
production by maternal peripheral leukocytes (P) and decid- 
ual lymphocyte-like cells (D) in unstimulated, concanavalin A — 
stimulated, and paternal antigen-stimulated conditions 
(n = 8). The hatched line delineates the lower limit of sensitivity 
of the assay. All values are mean + SEM. 


ranges from 2% to 8%, whereas the interassay coeffi- 
cient of variation ranges from 5% to 10%. 

The data were evaluated statistically with the Mann- 
Whitney U test. 


Results 


Eight term pregnancies were evaluated. Granulocyte- 
macrophage colony-stimulating factor production by 
maternal peripheral blood leukocytes and decidual 
lymphocyte-like cells is depicted in Fig. 1. Con- 
canavalin A-—stimulated maternal peripheral blood 
leukocytes produced low levels of granulocyte- 
macrophage colony-stimulating factor (0.018 + 0.005 
ng/ml, mean + SEM). However, decidual lymphocyte- 
like cells produced much greater amounts of 
granulocyte-macrophage colony-stimulating factor 
after stimulation with concanavalin A (0.2 + 0.059 
ng/ml, p = 0.006). Stimulation with paternal periph- 
eral blood leukocytes also resulted in greater produc- 
tion of granulocyte-macrophage colony-stimulating 
factor by decidual cells (0.441 + 0.262 ng/ml, p = 
0.055 when compared with peripheral cells stimulated 
with paternal peripheral blood leukocytes). 

Fig. 1 also suggests that the decidual cells pro- 
duce granulocyte-macrophage colony-stimulating fac- 
tor constitutively at low, but significant, levels (0.073 + 
0.038 ng/ml, p = 0.01 when compared with unstimu- 
lated maternal peripheral cells). To evaluate whether 
this might reflect nonspecific stimulation caused by cell 
processing or culture, we performed a time course ex- 
periment with concanavalin A-—stimulated and unsti- 
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Fig. 2. Granulocyte-macrophage colony-stimulating factor 
production by unstimulated and concanavalin A~stimulated 
decidual Iymphocyte-like cells over a 24-hour time period 
(n = 3, mean + SE). (The standard error at the asterisk is 
0.283.) 
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Fig. 3. Interleukin-2 production by unstimulated and conca- 
navalin A—stimulated maternal peripheral leukocytes (P) and 
decidual lymphocyte-like cells (D) (n = 8). The hatched line 
delineates the lower limit of sensitivity of the assay. All values 
are mean + SEM. 


mulated decidual cells from three different placentas. 
Culture supernatants were obtained at the start of the 
experiment and then every 6 hours for 24 hours. The 
results are shown in Fig. 2. Granulocyte-macrophage 
colony-stimulating factor was undetectable in the cell 
suspensions before stimulation (time 0). However, low 
levels of granulocyte-macrophage colony-stimulating 
factor were produced by unstimulated decidual cells 
over 24 hours. This may represent nonspecific acti- 
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vation of the cells. Stimulation with concanavalin A 
resulted in significant production of granulocyte- 
macrophage colony-stimulating factor after 6 hours 
of incubation, indicating that the apparent nonspecific 
activation contributes minimally to mitogen-induced 
granulocyte-macrophage cclony-stimulating factor 
production. 

There was no significant difference in interleukin-2 
production by maternal peripheral leukocytes and ma- 
ternal decidual cells after stimulation with concanava- 
lin A (Fig. 3). However, the P value approaches sig- 
nificance (p = 0.083). This lack of significance may be 
a result of the small sample size of the study. No 
interleukin-2 was detected after maternal cells were 
stimulated with irradiated paternal leukocytes. Irradi- 
ated paternal cells did not produce detectable amounts 
of interleukin-2 or granulocyte-macrophage colony- 
stimulating factor. 


Comment 


Recent observations suggest that lymphokines are 
important mediators of immune effector cells. Lym- 
phokines are polypeptides secreted by activated lym- 
phocytes with autocrine and paracrine functions to di- 
rect the immune response. They signal lymphocytes to 
proliferate, develop cytotoxicity,’ and produce anti- 
body.* To date, more than 10 lymphokines have been 
described. The nature of the immune response may be 
dictated by the predominant lymphokine produced by 
stimulated lymphocytes in response to specific antigen.” 
Lymphokines also may function in a “trophic” role in 
certain nonlymphoid tissues." 

Our data indicate that immune effector cells from 
maternal peripheral blood and decidua differ mar- 
kedly in their capacity to produce the lymphokine 
granulocyte-macrophage colony-stimulating factor af- 
ter stimulation. Our findings also imply that assays of 
maternal peripheral immune cells are not reflective of 
the immunologic relationship between the mother and 
fetus. This is the first study to show that human term 
decidual cells produce large amounts of granulocyte- 
macrophage colony-stimulating factor after stimula- 
tion. Granulocyte-macrophage colony-stimulating fac- 
tor is generally thought to be primarily a hematopoietic 
cytokine, inducing bone marrow stem cells to prolif- 
erate and differentiate." However, Athanassakis et al." 
have found that granulocyte-macrophage colony- 
stimulating factor produced by murine decidual cells 
induces proliferation of murine trophoblast. This 
finding forms the basis of Wegmann’s “immunotroph- 
ism” hypothesis. According to this hypothesis, the 
maternal immune response to fetopaternal antigens 
is characterized by the secretion of granulocyte- 
macrophage colony-stimulating factor and other tro- 
phic cytokines. These cytokines stimulate trophoblast 
growth and thus maintain the fetal allograft. 
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Our finding that granulocyte-macrophage colony- 
stimulating factor is produced in large amounts by 
human decidual cells in response to paternal antigen 
supports this hypothesis. Although it is possible that 
the granulocyte-macrophage colony-stimulating factor 
produced after stimulation with paternal peripheral 
blood leukocytes may reflect nonspecific antigenic 
stimulation, we believe that this is unlikely given the 
large quantities produced. Whether granulocyte- 
macrophage colony-stimulating factor ts essential to hu- 
man pregnancy is unknown, but it is interesting that 
the heterogenous collection of decidual cells we tested 
maintained the capacity to produce large amounts of 
this lymphokine after stimulation. It seems likely that 
decidual granulocyte-macrophage colony-stimulating 
factor is of teleologic significance and it will be of sci- 
entific and academic interest to dissect the cell popu- 
lations and determine the source of the granulocyte- 
macrophage colony-stimulating factor. 

The marked differences in granulocyte-macrophage 
colony-stimulating factor production response between 
cells from the peripheral blood and the decidua suggest 
that the immune cells in these environments are under 
different regulatory control. This is consistent with our 
hypothesis that the maternal decidua constitutes a dis- 
tinct immunologic microenvironment. In the murine 
immune-system, cells from different lymphoid tissues 
produce different lymphokines.'* An important regu- 
latory factor is the steroid hormonal milieu found in 
each lymphoid tissue.’* '* We have recently shown 
that corticosteroids, dehyroepiandrosterone, and 1,25- 
dihydroxyvitamin D, at physiologic concentrations can 
dramatically alter lymphokine production by stimu- 
lated lymphocytes.’ © Therefore markedly different 
lymphokine production from immune effector cells iso- 
lated from the decidua, where the cells would be influ- 
enced by the dramatic changes in the decidual steroid 
hormone environment, would be anticipated. 

In conclusion, our data show that decidual lympho- 
cyte-like cells differ from maternal peripheral blood 
leukocytes in their capacity to produce large amounts 
of granulocyte-macrophage colony-stimulating factor. 
Furthermore, we have shown a similar response to pa- 
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ternal antigen and this may reflect an immunotrophic 
maternal response to pregnancy. Further characteriza- 
tion of the normal lymphokine response by decidual 
immune effector cells and the local immunoregulatory 
factors that control lymphokine production will provide 
new insights into the normal and abnormal maternal 
immune responses evoked by the fetal allograft. 


REFERENCES 


1. Bell SC, Billington WD. Anti-fetal allo-antibody in the 
pregnant female. Immunol Rev 1983;75:5-30. 

2. Nicholas NS, Panayi GS; Nouri AME. Human pregnancy 
serum inhibits interleukin-2 production. Clin Exp Im- 
munol 1984;58:587-95. 

3. Lala PK, Chatterjee-Hasrouni S, Kearns M, Montgomery 
B, Colavincenzo V. Immunobiology of the maternal-fetal 
interface. Immunol Rev 1983;75:87-116. 

4. Wegmann TG. Placental immunotrophism: the idea and 
the evidence. In: Chaouat G, ed. The immunology of the 
fetus. Boca Raton, Florida: CRC Press, Inc, 1990:179. 

5. Delvin EE, Arabian A, Glorieux FH, Mamer OA. In vitro 
metabolism of 25-hydroxycholecalciferol by isolated cells 
from human decidua. J Clin Endocrinol Metabo! 1985; 
60:880-5. 

6. Mosmann TR, Coffman RL. Thl and TH2 cells: different 
patterns of lymphokine secretion lead to different func- 
tional properties. Ann Rev Immunol 1989;7:145-73. 

7. Farrar J], Benjamin WR, Hilfiker ML, Howard M, Farrar 
WL, Fuller-Farrar J. The biochemistry, biology, and role 
of interleukin 2 in the induction of cytotoxic T cell and 
antibody-forming B cell responses. Immunol Rev 1982; 
63: 129-66. 

8. Coffman RL, Seymour BW, Lebman DA, et al. The role 
of helper T cell products in mouse B cell differentiation 
and isotype regulation. Immunol Rev 1988;102:5-28. 

9. Janeway CA, Carding S, Jones B, et al. CD4+ T cells: 
specificity and function. Immunol Rev 1988;101:39-79. 

10. Tomomonga M, Golde DW, Gasson JC. Biosynthetic 
(recombinant) human granulocyte-macrophage colony- 
stimulating factor: effect on normal bone marrow and 
leukemia cell lines. Blood 1986;67:31-6. 

11. Athanassakis I, Bleackley RC, Paetkau V, Guilbert L, Barr 
PJ, Wegmann TG. The immunostimulatory effect of T 
cells and T cell lymiphokines on murine fetally-drived pla- 
cental cells. | Immunol 1987;138:37-44. 

12. Daynes RA, Araneo BA, Dowell TA, Huang K, Dudley 
DJ. Regulation of murine lymphokine production in vivo: 
regulatory influences over T helper cell function. J Exp 
Med 1990;171:979-96. 

13. Daynes RA, Dudley DJ, Araneo BA. Regulation of murine 
lymphokine production in vivo: II. Dehydroepiandros- 
terone is a natural enhancer of IL-2 synthesis by helper 
T cells. Eur J Immunol 1990;20:793-802. 


The effect of maternal hyperoxia on behavioral activity in 


growth-retarded human fetuses 


Robert Gagnon, MD, Cora Hunse, RN, and Shubnum Vijan, BSe 


London, Ontario, Canada 


Thirteen pregnant women who debsequsntiy were delivered of infants with birth weights sae than the 3rd 
percentile were studied for examination of fetal heart rate and fetal activity patterns during maternal 
administration of oxygen at a concentration of 50% or room air for 2 hours. None of the fetuses was 


acidotic at birth. Maternal transcutaneous Po, levels increased from 79 + 3mm Hg to 158 + 


10 mm Hg 


for the 2 hours of observation. The results indicated that maternal hyperoxia produced sustained fetal 
breathing activity that.was almost 100% higher than that in room air (analysis of variance, p = 0.024). 
Gross fetal body movements, fetal heart rate accelerations; and fetal heart rate variability increased 
significantly with increasing observation time (analysis of variance, p < 0.01), but were not significantly 
altered by maternal: hyperoxia or room air. We conclude that despite-significant change in fetal breathing 
activity, ultrasonographic. observation of fetal behavioral: activity during maternal hyperoxia could not be 
used to differentiate. severely growth-retarded from normally.grown human fetuses. We speculate that 
altered fetal heart rate and fetal body: movement patterns usually associated with intrauterine growth 
retardation might be related to altered development of the fetal central nervous system and are not - 
reversible during prolonged maternal administration of oxygen. (Am J OssteT GYNECOL 1990;163:1894-9,) 


Key words: Fetal behavior, intrauterine growth retardation, maternal hyperoxia 


In pregnancies complicated with-severe intrauterine 
growth retardation (IUGR) [small-for-gestational-age 
(SGA) fetuses] fetal heart rate (FHR) variability, the 
number of FHR accelerations, fetal breathing, and 
gross fetal body movements are often reduced." It is 
usually believed that changes in behavioral activity in 
SGA fetuses are a result of chronic hypoxemia sub- 
sequent to placental insufficiency.* Maternal admin- 
istration of oxygen has been suggested as a therapeu- 
tic approach to hypoxic fetuses,’ and as a diagnostic 
test to discriminate the growth-retarded (SGA) from 
the normally grown. [appropriate-for-gestational-age 
(AGA)] fetuses.®. ; 

The aims of this study were to determine the effects 
of prolonged maternal hyperoxia on FHR, FHR vari- 
ability, and movement patterns in a group of SGA fe- 
tuses from 30 weeks’ gestation to term. 


Patients and methods 


Patients. Informed consent was obtained from 21 
pregnant women (investigation protocol approved by 
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the Ethics Review Board for Research Involving Hu- 


. man Subjects) with singleton pregnancies between 30 


and 40 weeks’ gestation with clinical or ultrasono- 
graphic findings suspicious for IUGR (SGA fetus). All 
patients either had reliable menstrual dates or under- 
went ultrasonographic examination during the second 
trimester. Usher and McLean ê charts were used to clas- 
sify the birth weights at sea level of the fetuses studied. 
Growth retardation was diagnosed when birth weight 
was less than the 3rd percentile for gestational age. The 
3rd percentile at sea level is similar to the 10th per- 
centile for birth weights of the Denver standards’ and 
is used as a cutoff point to diagnose IUGR in our center. 
A total of seven (33%) of the 21 participants with fetuses 
thought to be SGA had normal term deliveries with 
normal birth weights and were. analyzed separately 
from SGA fetuses. All other participants were delivered 
of infants with a birth weight less than the 3rd percen- 
tile. There was no congenital anomaly or neonatal 
death. Umbilical cord arterial and venous blood gas 
values were obtained in all fetuses. Table I illustrates 
the characteristics and umbilical cord gas values of the 
SGA fetuses studied and Table II shows the primary 
maternal risk factors associated: with IUGR. Three 
(75%). of four symmetrical IUGR fetuses were clinically 
detected before. 33 weeks’ gestation (early onset) and 
eight (88.9%) of nine asymmetrical IUGR fetuses were 
clinically detected at =33 weeks’ gestation (late onset). 
Five (38.5%) women were delivered of infants by ce- 
sarean section and eight (61.5%) had vaginal delivery. 

Experimental design. The women received a stan- 


Volume 163 
Number 6, Part | 


dardized 800 kcal breakfast at 8 Am or lunch at noon 
on two consecutive half days. All studies began 30 min- 
utes later and were conducted in a quiet room with 
patients either sitting upright in bed or resting in a 
lateral recumbent position. The women were asked not 
to smoke for at least 4 hours before the studies were 
conducted. 

Women were studied continuously for 3 1/2 hours 
on each of 2 half days. During the first episode of low 
FHR variability (mean minute range of <32 msec for 
>5 minutes duration) of each consecutive half day, oxy- 
gen was administered for 2 hours through a ventimask 
with either a 50% oxygen or 21% room air concentra- 
tion of inspired oxygen. This technique allowed us to 
synchronize all fetuses in a state of quietness for the 
same length of observation (10 minutes) just before 
both oxygen and room air were administered. The 
choice of whether to administer oxygen or room air 
the first or second half day was made from random 
number tables. Maternal Po, was continuously mea- 
sured with a transcutaneous oxygen monitor (Oxy- 
monitor, Litton Medical Electronics, Boston, Mass.). All 
women were then observed for 2 hours during the time 
oxygen and room air were administered. 

FHR and fetal activity measurements. FHR was 
recorded with an external monitor with a compact 
transducer (model 8040A, Hewlett-Packard GMBH, 
Boeblinger, Federal Republic of Germany) and ana- 
lyzed on-line by a Sage II microprocessor (Sage Tech- 
nology, Reno, Nev.) as previously described.’ During 
analysis,.a baseline was fitted to the heart rate record 
and accelerations of =10 beats/min for =15 seconds 
above the baseline were recognized automatically. 

For each 10-minute interval, the basal FHR (in 
beats per minute), the mean minute range (computer- 
derived index of FHR variability in milliseconds), and 
the total gained beats (integrated area of FHR accel- 
erations) were calculated. 

Fetal breathing movements and gross fetal body 
movements were measured with a real-time ultraso- 
nographic scanner (model 2130, Advanced Diagnostic 
Research Corp., Tempe, Ariz.) and analyzed on-line as 
previously described.® The 3.5 MHz transducer was po- 
sitioned over the maternal abdomen to permit contin- 
uous observation of a longitudinal cross section of fetal 
chest and abdominal wall echoes.’ 

Data analysis. The basal FHR, the number of FHR 
accelerations of =10 beats/min for =15 seconds above 
the baseline, the mean minute range, and the total 
gained beats were determined for successive 10-minute 
intervals during the 68 hours of total FHR recordings. 
All results are presented as means + SEMs for suc- 
cessive 10-minute intervals before and during admin- 
istration of oxygen or room air. Portions of records that 
could not be analyzed because of FHR signal loss of 
>30% or patient interruption were not included. These 
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Table I. Patient characteristics 


Gestational age 34.0 + 1.6 29.7-39 
at test (wk) 
Gestational age 35.7 + 1.7 31-41 
at delivery 
(wk) 
Birth weight 1789 + 264 440-2750 
(gm) 
Placental $28 + 22 154-460 
weight (gm) 
Symmetrical” 4 — 
Asymmetrical} 9 — 
(No.) 
5-min with 1 — 
Apgar 
score <7 
(No.) 
Po, (mm Hg) 
Artery 14.9 + 1.9 7.1-20.4 
Vein 26.8 + 2.8 15.9-39.2 
PCO, (mm Hg) 
Artery 57:5- 236 39.4-69.5 
Vein 44.8 + 2.8 22.0-55.1 
pH 
Artery 7.26 + 0.02 7.18-7.35 
Vein -7.83 + 0.02 7.26-7.41 


*Birth weight, head circumference, length <3rd percentile. 


+Birth weight <3rd percentile, and head circumference 
plus length >3rd percentile. 


Table If. Primary maternal risk factors 


Pregnancy-induced hypertension 6 
Smoking >20 cigarettes/day 5 38.5 
Chronic hypertension l 
Previous IUGR 1l 


portions made up 6.8% of the total study time. One 
woman was delivered of an infant béfore the second 
half day of the study and was excluded for the purpose 
of analysis. 

Measurements of the percentage of time spent mak- 
ing gross fetal body movements and the percentage of 
time spent making breathing movements were calcu- 
lated for each 10-minute interval. Portions of move- 
ment records that could not be analyzed because of 
technical problems or patient interruption made up 
6.0% of the total time involved. 

Statistical significance between groups after admin- 
istration of oxygen or room air was determined by a 
two-factor analysis of variance with repeated measures, 
comparing overall means and each of the 10-minute 
intervals with biomedical data processing 5V statistical 
software.’ 


Results 


Fetal breathing and gross fetal body movements. 
The mean time from the onset of the study until an 
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Fig. 1. Mean maternal transcutaneous Po, (mm Hg) + SEM was plotted in 10-minute intervals 
before and after maternal administration of oxygen (solid lines) or room air (dashed lines) (top). Mean 
incidence of fetal breathing movements (bottom) was also plotted on same time scale. Horizontal bar 
indicates time during which oxygen or room air was administered. 


episode of low FHR variability occurred was 21 + 4 
minutes before administration of oxygen compared 
with 25 + 3 minutes before rcom air. During maternal 
hyperoxia the mean transcutaneous oxygen increased 
from 79 + 3 mm Hg to a maximum of 158 + 10 mm 
Hg at time 0 plus 15 minutes and remained above that 
of room air during the 2 hours of observation (analysis 
of variance, p < 0.001, Fig. 1, top). 

Mean fetal breathing incidence was similar during 
the 10 minutes before administration of oxygen (23.0% 
+ 6.7%) or room air (30.1% + 9.1%). During the 2 
hours oxygen was administered, the mean incidence of 
fetal breathing movements was 33.5% + 4.5%, which 
was significantly higher than that of 18.4% + 3.3% 
during room air (analysis of variance, p = 0.024). How- 
ever, there was no significant effect of time on the in- 
cidence of fetal breathing movements during maternal 
hyperoxia, suggesting that fetal breathing movements 
were sustained during hyperoxia but not markedly in- 
creased above preoxygen levels (Fig. 1, bottom). In 
contrast, fetal breathing movements decreased pro- 
gressively to 12.3% + 5.5% between 110 and 120 min- 
utes after administration of room air was started (Fig. 
1, bottom). 

The mean tncidence of gross fetal body movements 
per 10 minutes increased signifcantly from 3.9% + 
1.3% before administration of oxygen to a maximum 
of 11.6% + 2.5% 40 minutes after the onset of maternal 
administration of oxygen (analysis of variance, p = 


; 
0.002; Fig. 2, top). A similar increase in the mean in- 
cidence of gross fetal body movements was found dur- 
ing administration of room air and there was no sig- 
nificant difference between the two groups (oxygen and 
room air, respectively, Fig. 2, top). 

FHR accelerations, FHR variability, and basal FHR. 
The mean total gained beats per 10 minutes, which was 
4.2 + 2.1 before oxygen was administered, increased 
toa maximum of 21.5 + 6.1 between 30 and 40 minutes 
after the onset of maternal hyperoxia (analysis of vari- 
ance, p = 0.01; Fig. 2, bottom). Similarly, the mean 
number of FHR accelerations per 10 minutes increased 
from 0.7 + 0.2 before administration of oxygen to a 
maximum of 2.4 + 0.6 accelerations between 30 and 
40 minutes of maternal hyperoxia (analysis of variance, 
p = 0.004). The mean 10-minute mean minute range, 
which was 29.1 + 2.6 msec before administration of 
oxygen, increased progressively to 46.9 + 6.2 msec at 
40 minutes of maternal hyperoxia (analysis of variance, 
p < 0.001). No significant difference was found be- 
tween room air and oxygen in FHR variability and FHR 
accelerations. The mean basal FHR was 136 + 3 
beats/min before oxygen and did not change during 
the 2 hours of maternal administration of oxygen or 
room air. 

Relationship between fetal behavioral activity and 
FHR patterns. Fig. 3 summarizes characteristics of 
FHR and fetal activity patterns during the 2 hours in 
which SGA fetuses received oxygen or room air. During 
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Fig. 2. Mean incidence of gross fetal body movements (GFBM) was plotted in 10-minute intervals 
before and after maternal administration of oxygen (solid lines) or room air (dashed lines) (top). Mean 
total gained beats (bottom) was also plotted on same time scale. Horizontal bar indicates time during 


which oxygen or room air was administered. 
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Fig. 3. Mean incidence of fetal breathing movements (FBM), mean incidence of gross fetal body 
movements (GFBM), and mean 10-minute mean minute range (MMR) were plotted during 2 hours 
of maternal administration of oxygen or room air (*p < 0.05). 


the 2 hours of maternal hyperoxia, the fetuses made 
breathing movements 33.5% + 4.5%, which was sig- 
nificantly higher than during the time room air was 
administered (18.4% + 3.3%) (analysis of variance, 
p = 0.024). However, it was important that the inci- 
dence of gross fetal body movements and the 10-minute 
mean minute range were not significantly different be- 
tween oxygen and room air {room air values: 6.2% + 
1.2% for gross fetal body movements and 41.5 + 4.] 
msec for 10-minute mean minute range value, respec- 
tively, Fig. 3). 


In the seven fetuses who were subsequently born as 
AGA infants, the mean fetal breathing movements in- 
cidence was 36.4% + 5.4% during the 2 hours room 
air was administered, which was not significantly dif- 
ferent from the 38.3% + 4.5% during maternal 
hyperoxia. Similarly, the mean incidence of gross fetal 
body movements, the mean 10-minute range, and the 
mean total gained beats were not significantly altered 
during maternal administration of oxygen (9.1% + 
1.5% for gross fetal body movements, 50.5 + 2.3 msec 
for 10-minute mean minute range value, and 21.0 + 
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2.3 for total gained beats) compared with room air 
(10.1% + 1.7%, 54.5 + 2.9 msec, and 22.4 + 3.1, 
respectively). 


Comment 


The data show that in a group of severely growth- 
retarded fetuses, maternal administration of oxygen 
(inspired oxygen 50%) was associated with sustained 
fetal breathing movements compared with room air. In 
contrast, fetal body movements and computer-based 
indexes of FHR accelerations and FHR variability were 
not significantly altered under similar experimental 
conditions. In fetuses that were subsequently delivered 


as AGA infants, the incidence of fetal breathing move- - 


ments, the incidence of gross fetal body movements, 
and FHR variability did not change significantly during 
maternal hyperoxia. 

The periodicity in rest-activity cycles of the human 
fetus is well accepted and has provided the physiologic 
basis for fetal assessment. Our data and others’ in- 
dicated that such cycles are present in SGA fetuses be- 
tween 30 and 40 weeks’ gestation. When observations 
of fetal activity were started during a period of rest, 
with increasing observation time, SGA fetuses became 
more active, experienced more FHR accelerations with 
increased FHR variability reaching a peak between 30 
and 40 minutes (Fig. 2). We recently described the same 
patterns of behavioral activity with the use of similar 
experimental design in a group of healthy term AGA 
fetuses. However, maternal hyperoxia sufficient to 
double maternal transcutaneous Po, did not alter fetal 
rest-activity cycles in growth-retarded fetuses. 

Ruedrich et al.” recently reported an increase in fetal 
body movements in IUGR fetuses during maternal 
hyperoxia reaching a peak 30 minutes after oxygen was 
discontinued. Because there was no control group with- 
out oxygen in the experiment, it is possible that the 
increase in fetal body movements described in the study 
was a result of the normal periodicity of rest-activity 
cycles rather than oxygen alone. 

_ A significant portion (50%) of the SGA fetuses being 
tested and delivered during the present study were 
premature (<37 completed weeks’ gestation), as ex- 
pected with severe IUGR. The organization of bio- 
physical activities into clearly differentiated behavioral 
states as defined by Nijhuis et al.’ usually occurs after 
36 weeks’ gestation in AGA fetuses. In contrast, the 
same group of investigators reported the absence’ of 
states differentiation in up to 80% of SGA fetuses at 
_ 40. weeks’ gestation.’ Although prematurity at the time 
of the studies may account for the differences between 
our observations and others,” it is very unlikely that 
the establishment of behavioral states would have oc- 
curred in SGA fetuses even in term and that results 
would have been different at later gestational age. 
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Moreover, incidence of fetal breathing movement is not 
used as a state variable’ because in contrast to the fetal 
lamb, it is present in both quiet and active sleep states 
in the human fetus." 

Although fetal body movements and FHR accelera- 
tions usually occur together, there is some evidence that 
the control of fetal breathing movements could be dis- 
sociated from other biophysical variables used to assess 
fetal health and behavioral activity. In the fetal lamb, 
prolonged hypoxemia suppresses fetal breathing activ- 
ity without significant change in electrocortical activ- 
ity." Fetal breathing activity is suppressed by maternal 
administration of ethanol’® and stimulated by infusion 
of glucose” in the healthy term human fetus. In both 
experimental conditions, fetal body movement and 
FHR patterns are not altered.'*'’ In this study, as in 
others,’® the incidence of fetal breathing movements in 
SGA fetuses was significantly higher during maternal 
hyperoxia than that in room air. It is not clear by which 
mechanisms maternal administration of oxygen can 
produce sustained breathing activity. It has been re- 
ported in work by Boddy et al. in the fetal lamb, that 
during maternal hyperoxia there is an increase in fetal 
Pco, without change in maternal Pco, only if the fetus 
was previously hypoxemic. Hypercapnia is known to 
be a potent stimulus of fetal breathing activity and could 
be responsible for the sustained breathing activity. 
However, this mechanism is speculative and remains to 
be confirmed. 

It has been shown that fetuses with severe IUGR have 
a reduction in long-term FHR variability, FHR accel- 
erations, and fetal movements.’* Maternal hyperoxia 
did not have any significant effect on these biophysical 
variables in the present study. This suggested that al- 
tered behavioral activity associated with IUGR might 
be related to an abnormal development of the fetal 
central nervous system and is not reversible during pro- 
longed maternal administration of oxygen. 

Our observation that maternal hyperoxia is associ- 
ated with sustained fetal breathing incidence but with- 
out change in body movements and FHR accelerations 
in SGA fetuses during the third trimester, does not 
support the concept that ultrasonographic observation 
of fetal behavioral activity during maternal hyperoxia 
could be used to differentiate SGA from AGA fetuses 
as recently suggested.'* Moreover, it is possible to spec- 
ulate that chronic maternal administration of oxygen 
used as fetal therapy for SGA. fetuses* may not improve 
fetal outcome at a time IUGR is clinically or ultrasono- 
graphically diagnosed. These important questions re- 
main to be answered with appropriate clinical trials 
before suggesting the use cf maternal hyperoxia for 
intrauterine evaluation or treatment. 


We thank Mrs. Maria De Sousa for her excellent tech- 
nical assistance. 
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Observations on the cause of oligohydramnios in 


prolonged pregnancy 


Kenneth J. Trimmer, MD, Kenneth J. Leveno, MD, Mark T. Peters, MD, and 


_ Mary Anne Kelly, RN 
Dallas, Texas 


There is increasing evidence that implicates reduced amnionic fluid volume as a major determinant of fetal 
risk in prolonged pregnancy. We sought to determine whether reduced fetal urine production might be 
associated with oligohydramnios in pregnancies that reach 42 weeks or more. Ultrasonographic 
measurements of the fetal bladder were obtained every 2 to 5 minutes for 1 hour in 38 gestations verified 
to be at least 42 weeks. Oligohydramnios was present in eight of the prolonged pregnancies. Similar 
measurements were performed in i5 normal pregnancies delivered by elective repeat cesarean section 
between 38 and 40 weeks’ gestation. Hourly fetal urine production rates were calculated with sequential 
bladder volume measurements. The result of this investigation suggest that diminished fetal urine 
production is associated with oligohydrarmnios in prolonged pregnancy. The mechanism by which fetal 
urine production is reduced in prolonged pregnancy remains unknown. A likely possibility is reduced fetal 
swallowing because of already diminished amnionic fluid volume, the latter a result of placental 


senescence. (Am J Osster GYNECOL 1990;163:1900-3.) 


Key words: Postterm pregnancy, fetal urine production, oligohydramnios, ultrasonography 


Perinatal morbidity is significantly increased in post- 
term pregnancies and oligohydramnios appears to be 
an’ important factor.’ The inability to accurately mea- 
sure diminished amnionic fluid volume has led to the 
adoption of ultrasonographic semiquantitative estima- 
tions of volume such as the four-quadrant method? or 
the measurement of the deepest vertical pocket.’ Be- 
cause fetal urine is a major source of amnionic fluid, 
measurement of hourly fetal urine production rates 
may provide information on amnionic fluid dynamics 
in prolonged pregnancies. Indeed, realtime ultraso- 
nography has been used to quantitate hourly fetal urine 
production rates in normal term pregnancies* and in 
pregnancies complicated by intrauterine growth retar- 
dation.» The purpose of this investigation was to 
measure and compare fetal urine production rates in 
normal term pregnancies, postterm pregnancies with 
normal amnionic fluid volume, and those with oligohy- 
dramnios. 


Material and methods 


Women with singleton pregnancies verified to be 42 
to 43 weeks were recruited from the Obstetrical Com- 
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plications Clinics at Parkland Memorial Hospital. Labor 
was induced the next morning. Gestational ages were 
calculated from a calendar of recorded last menses and 
two or more of the following: (1) first trimester ex- 
amination, (2) fundal height measurements between 20 
and 30 weeks’ gestation, (3) DeLee-Hillis fetoscopic fe- 
tal heart tones detected between 18 and 20 weeks’ ges- 
tation, and (4) ultrasonography performed before 24 
weeks’ gestation. In addition, normal singleton preg- 
nancies at 38 to 40 weeks’ gestation scheduled the next 
morning for repeat cesarean section were selected to 
serve as controls. 

All pregnancies received ultrasonographic examina- 
tion with a 3.5 MHz linear transducer (Ultramark 4, 
Advanced Technology Laboratories, Bothell, Wash.). 
Biparietal diameters, femur lengths, and abdominal pe- 
rimeters were obtained in each pregnancy. Oligohy- 
dramnios was. diagnosed when the maximum vertical 
dimension of the largest amnionic fluid pocket mea- . 
sured = Į cm? 

Hourly fetal urine production rates were. calculated 
once in each pregnancy and within 24 hours of deliv- 
ery or labor induction. The method used was iden- 
tical to that previously described by Rabinowitz, Peters, 
Vyas, et al.* Briefly, Rabinowitz and colleagues used 
real-time ultrasonography to obtain measurements of 
the fetal bladder every 2 to 5 minutes for | hour. 
The greatest longitudinal bladder dimension (sector 
a) was measured as shown in Fig. 1. The transducer 
was then rotated 90° and the bladder scanned ceph- 
alad and caudad as shown in Fig. 2. The greatest trans- 
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verse distance (sector b) and anterior-posterior dimen- 
sion (sector c) of the fetal bladder were then mea- 
sured. Bladder volumes were calculated from these 
three sector measurements with the formula for an 
ovoid sphere: 4/3 m X a/2 x b/2  c/2, where a = 
longitudinal bladder, b = greatest transverse bladder 
distance, and c = anterior-posterior dimension of the 
fetal bladder. These bladder volumes were plotted ver- 
sus time and then simple linear regression analysis was 
used to compute hourly fetal urine production rates on 
the basis of the filling phase of the first micturition 
cycle. 

Obstetric and neonatal outcomes were obtained from 
the hospital records. In addition, neonatal examina- 
tions were performed by the author (K. J. T.) to spe- 
cifically note physical signs of postmaturity. The infant 
was Classified as postmature if it fulfilled all criteria of 
any stage of Clifford’s descriptions for postmaturity.° 

Statistical analysis was performed on a VAX 8800 
computer with an interactive statistical package (UT- 
STAT), University of Texas Southwestern Medical Cen- 
ter at Dallas) with the use of Newman-Keuls multiple 
comparison analysis, the Student é test, and x? where 
appropriate. Significance was considered when prob- 
abilities were < 0.05. 


Results 


A total of 38 pregnancies diagnosed to be 42 weeks 
in duration were studied. Oligohydramnios was diag- 
nosed in eight of these pregnancies. Another 15 preg- 
nancies delivered by elective cesarean section made 
up the control group. Maternal characteristics that in- 
cluded age, parity, and race did not differ significantly 
among the pregnancies. Approximately 80% of the wo- 
men were Hispanic or African-American. All infants 
were live born and there were no neonatal deaths. 
One infant of a 42-week pregnancy without oligohy- 
dramnios was diagnosed to have Hirschprung’s disease. 
Transient tachypnea of the newborn developed in an- 
other infant of a 42-week pregnancy with normal am- 
nionic fluid volume. | 

Shown in Table I are selected pregnancy outcomes 
in postterm pregnancies with and without oligohy- 
dramnios compared with normal term gestations de- 
livered by repeat cesarean section. Mean birth weights, 
although greater in those pregnancies that reached 
42 weeks, were not significantly different between the 
study groups. Newborn condition as reflected by um- 
bilical artery blood pH results are also shown in Ta- 
ble I and did not differ significantly among the study 
groups. Approximately 25% of the postterm pregnan- 
cies with or without oligohydramnios were delivered 
by cesarean section for either dystocia or fetal distress 
in labor. Meconium was found in the amnionic fluid 
of 13% (n = 2) of pregnancies delivered by elective 
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Fig. 1. Greatest longitudinal dimension shown as sector a. 





Fig. 2. Transducer is rotated 90° to measure greatest trans- 
verse and anterior-posterior bladder dimensions, sectors b and 
c, respectively. 


cesarean section and in 13% (n =4) of the postterm 
pregnancies with normal amnionic fluid volume. In 
contrast, meconium-stained amnionic fluid was pres- 
ent in 38% (n = 3) of the postterm pregnancies with 
oligohydramnios. This difference was significant (p < 
0.001). Similarly, infants with features of the postma- 
turity syndrome were more common in 42-week preg- 
nancies with oligohydramnios. Specifically, 88% (n = 
7) of these latter pregnancies resulted in postmature 
infants compared with 37% (n = 12) when normal am- 
nionic fluid volumes were present (p < 0.001). 

The hourly fetal urine production rates, mean max- 
imum bladder volumes (maximum fetal bladder vol- 
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Table I. Selected outcomes in postterm pregnancies with and without oligohydramnios compared with 
normal term gestations 






Postierm, 
normal 
amnienic fluid 
volume 






No. of pregnancies 30 

Mean (SD) birth 3459 (386) 
weight (gm) 

Mean (SD) umbili- 7.27 (0.09) 
cal artery blood 
pH 

Cesarean section 8 (27%) 

Meconium in am- 4 (13%) 
nionic fluid 

Postmature infant* 12 (37%) 


*According to Clifford.’ 


Poastierm, 
oligohydramnios 












Repeai cesarean 
section at term 


8 I5 — 
3892 (557) 3250 (542) NS 
7.27 (0.04) 7.29 (0.06) NS 
2 (25%) a NS 
3 (38%) 2 (13%) <0,00! 
7 (88%) | 0 <0.001 


Table II. Fetal urodynamics in postterm pregnancies with and without oligohydramnios compared with 
normal term gestations 







Postterm, normal 
amnionic fluid 
volume 






Mean (SD) fetal urine 57 (12) 
production (ml/hr) 

Number of bladder 29 
cycles 

Mean (SD) maximum 38 (12) 
bladder volume 
(ml) 

Mean (SD) bladder 25 (8) 


filling ume 
(minutes} 


ume immediately before micturition), and mean cycle 
lengths (time for empty fetal bladder to filland empty) 
for the 53 pregnancies in this study are shown in Table 
II. The mean maximum bladder volume was 36 ml and 
did not vary significantly among the study groups. Fetal 
micturition, observed on 93 occasions, was generally 
completed in <30 seconds. Postmicturition bladder vol- 
umes <25% of the maximum bladder volume were 
considered complete emptying and occurred in 87% of 
the fetuses. The mean hourly fetal urine production 
rates observed in the postterm pregnancies with normal 
ammnionic fluid volumes was identical to those measured 
in normal term gestations. However, a precipitous re- 
duction (50%) in fetal urine production was observed 
in those postterm pregnancies complicated by oligo- 
hydramnios. Specifically, hourly fetal urine production 
rates decreased from 56 ml/hour to 24 ml/hour (p < 
0.001) when oligohydramnios was present. This dimin- 
ished fetal urine production rate correlated directly 
with a prolonged fetal bladder filling cycle (the time to 
fill and empty the fetal bladder). The mean duration 


oltgohydramntos 











Positerm, Repeat cesarean 


section at term p Value 


24 (3) 56 (12) <0.001 
6 17 mes 

31 (10) 33 (7) NS 

49 (10) 23 (5) <0.001 


of the 46 cycles observed in the term and postterm 
pregnancies with normal amnionic fuid was 24 min- 
utes compared with 49 minutes observed in six cycles 
in the postterm pregnancies with oligchydramnios (p < 
0.001). 


Comment 

Oligohydramnios is increasingly emphasized as a 
hallmark of perinatal pathology in a large number of 
pregnancy complications,’® and is particularly relevant 
in prolonged pregnancy because the volume of am- 
nionic fluid diminishes as gestation reaches term and 
beyond. In this study, the hourly fetal urine production 
rate was significantly less in the postterm pregnancy 
complicated by oligohydramnios, whereas fetal urine 
production in the postterm pregnancy with normal am- 
nionic fluid was no different than that in normal preg- 
nancy at term. 

Although amnionic fluid dynamics are not com- 
pletely understood in human beings, it is known that 
fetal urination and swallowing play prominent roles in 
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the regulation of fluid volume. However, other reg- 
ulatory factors are also considered important in the 
maintenance of amnionic fluid volume. For example, 
Gilbert and Brace’ proposed an intramembranous path- 
way in which amnionic fluid is absorbed by the fetal 
blood perfusing the membranes and surface of the pla- 
centa, This was hypothesized to explain their findings 
that infusion of warmed distilled water into the am- 
nionic fluid of ewes resulted in a decrease in fetal serum 
osmolality. In a more recent report, Brace studied ovine 
fetal blood volume, urine production, swallowing, and 
amnionic fluid volume in response to fetal intravascu- 
lar infusion of isotonic saline solution.'’ He observed a 
large increase in fetal urine production concomitant 
with doubling of fetal swallowing. Very little of the in- 
travenously administered saline solution remained in 
the fetus (1% to 2%), approximately 30% remained in 
the amnionic fluid, and the bulk of the infused saline 
solution presumably was transferred into the mother. 
Because fetal-maternal osmolalities did not change, 
Brace postulated that shifts of fetal fluids were gov- 
erned by unknown placental mechanism(s) more com- 
plex than simple osmotic diffusion. These findings may 
have significance in the interpretation of our results 
now reported in prolonged human pregnancy. Specif- 
ically, our finding of markedly diminished fetal urine 
production when oligohydramnios complicates post- 
term pregnancy could conceivably be a consequence 
of diminished swallowing because of prior reduction 
of amnionic fluid volume, the latter a result of the 
placental factors hypothesized by Brace. That is, ad- 
vanced placental maturation or senescence associated 
with postmaturity may be the placental factor that per- 
muts loss or transfer of amnionic fluid, presumably, into 
the mother. 

In conclusion, prolonged pregnancy complicated by 
oligohydramnios is associated with marked reduction 
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in fetal urine production. We hypothesize that this de- 
crease in fetal urine flow is a consequence, as opposed 
to a primary event, of already reduced amnionic fluid 
volume that results from placental senescence because 
of prolonged gestation. 
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A mechanism leading to reduced lung expansion and lung 
hypoplasia in fetal sheep during oligohydramnios 


Richard Harding, PhD, Stuart B. Hooper, PhD, and Kerry A. Dickson, PhD 


Melbourne, Australia 


Our aim was to determine the mechanism whereby oligohydramnios causes reduced fetal lung expansion 
and eventual lung hypoplasia. We studied 20 fetal sheep during 2 to 9 days of oligohydramnios produced 
by drainage of amniotic and allantoic fluids during the last third of gestation. Oligohydramnios led to a 
reversible reduction in lung liquid volume of 19.5% within 48 hours. During oligohydramnios tracheal 
pressure, relative to amniotic pressure, rose by 1.7 mm Hg (p < 0.001); pressures also tended to rise in 
the fetal pleural space and abdomen, relative to amniotic pressure, and to fall in the amniotic sac. 
Pressure increments, relative to amniotic pressure, which normally occur in the fetal trachea, pleural 
cavity, and abdomen during nonlabor uterine contractions, were significantly increased by 1.9 to 2.5 mm 
Hg during oligohydramnios. Oligohydramnios increased flexion of the fetal thoracolumbar spine, quantified 
as a reduction in the ratio of spinal radius of curvature to spine length (0.76 in controls vs 0.40 after 
oligohydramnios, p < 0.001). In three sets of twins, only the fetus exposed to oligohydramnios was 
affected. A similar degree of spinal flexion imposed on normal fetal sheep cadavers increased abdominal 
(1.6 mm Hg), pleura! (1.5 mm Hg), and tracheal (2.0 mm Hg) pressures, and caused a significant 
reduction in fetal lung expansion. We conclude that oligohydramnios in fetal sheep increases spinal 
flexion, leading to compression of abdominal contents, upward displacement of the diaphragm, and lung 
compression, favoring loss of fetal lung liquid. These changes, which are accentuated during nonilabor 
uterine contractions and are reversible, may lead to pulmonary hypoplasia if prolonged. (Am J Osstet GY- 


NECOL 1990;163:1904-13.) 
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liquid 


Fetal lung hypoplasia, defined as a reduction in lung 
weight per unit body weight, is a common consequence 


of oligohydramnios. In human pregnancy, lung hypo-. 


plasia most frequently results from oligohydramnios 
due to premature rupture of the membranes or to uri- 
nary tract abnormalities in the fetus.''* Lung hypopla- 
sia can be produced experimentally by removal of am- 
niotic fluid in rabbits, * guinea pigs,? monkeys,’ and 
sheep.’ 1! Although a causal relationship between oli- 
gohydramnios and fetal lung hypoplasia has been well 
established, there remains some controversy as to the 
mechanism involved. 

Fetal lung development is strongly influenced by 
physical factors,” in particular fetal breathing move- 
ments and lung expansion by liquid. An impairment 
of fetal breathing movements'*” or a diminished de- 
gree of lung expansion’*”” both result in reduced fetal 
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lung growth. In a recent study in sheep, we showed 
that prolonged oligohydramnios during the last third 
of gestation leads to a reduced volume of fetal lung 
liquid (i.e., reduced lung expansion), whereas fetal 
breathing movements were not impaired." In an anal- 
ysis of endocrine and fluid balance responses to oli- 


. gohydramnios in sheep we have been unable to account 


for the observed reduction in fetal lung liquid volume.” 

Although the mechanisms whereby fetal lung liq- 
uid volume is reduced during oligohydramnios are not 
clear, our previous studies indicate that physical fac- 
tors, such as lung compression, are likely to be involved. 
Therefore we monitored fetal sheep in utero to deter- 
mine the effects of short-term, reversible oligohydram- 
nios on pressures that act on the fetal lungs, the volume 
of lung liquid, and on the flow of this liquid. Oligo- 
hydramnios was induced by drainage of amniotic and 
allantoic fluids, and the reversibility of the fetal effects 
was assessed by replacement of an appropriate volume 
of the drained fluids. We also quantified the effects of 
oligohydramnios on the posture of the fetus in utero. 
To determine the influence of these changes on the fe- 
tal lungs, we examined in fetal cadavers ex utero the 
effects of imposing changes in posture similar to those 
induced by oligohydramnios on pressures that act on 
the lungs and on lung expansion. 
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Material and methods 


We used 31 fetal sheep from 28 ewes, the mat- 
ing dates of which were known. Two types of study 
were performed: (1) measurement of oligohydramnios- 
induced changes in pressures, lung liquid production, 
flow and volume, and spinal flexion in chronically 
prepared fetuses in utero, and (2) measurements of 
changes in pressures and lung expansion in fetal ca- 
davers during manipulation of fetal posture. The ex- 
perimental procedures were approved by the Monash 
University Committee for Ethics in Animal Experimen- 
tation. 

Chronic preparations. Aseptic surgery was per- 
formed with established techniques,'"'**° on 20 fetuses 
in 20 pregnant ewes at 101 to 115 days (mean, 107.9 + 
1.0 SEM days) after mating (term, 146 days). In each 
fetus we implanted ascending and descending catheters 
into the midcervical trachea; these were subsequently 
connected externally to form a tracheal “loop” that en- 
abled the measurement of tracheal pressure with a T- 
connector and fluid fow with a fowmeter.'* ?° These 
procedures did not interfere with the function of the 
fetal upper respiratory tract. Liquid-filled open-tipped 
or balloon-tipped catheters were implanted into the 
fetal intrapleural (eight fetuses) and intraperitoneal 
(eight fetuses) spaces for pressure recording. A catheter 
was attached to the skin in the midneck region of all 
fetuses for the measurement of amniotic sac pressure, 
and another catheter (open or balloon-tipped) was 
attached to the external surface of the uterus (eight 
fetuses) to measure maternal intraperitoneal pres- 
sure. This was subtracted electronically from amni- 
otic sac pressure to record corrected amniotic sac 
pressure. 

Fine stainless steel electrodes were sewn into the mus- 
cle of the fetal diaphragm (six fetuses) and uterus (14 
fetuses) to monitor the electromyographic activity of 
the diaphragm as an index of fetal breathing move- 
ments’? °° and uterine contractions,” respectively. In 
each preparation, two large diameter silicone rubber 
catheters (3.2 mm inner diameter, 6.4 mm outer di- 
ameter) with protected side ports'' ° were attached to 
the fetal skin at the base of the neck and over the rump; 
another was implanted within the allantoic sac. These 
were used to drain amniotic and allantoic fluids by grav- 
ity into sterile collection bags placed level with the floor 
of the sheep’s cage. 

Study procedure. Fetal surgery was followed by a 
recovery period of at least 5 days during which no 
measurements were made. Each study consisted of a 
control period (1 to 2 days), a period of amniotic and 
allantoic fluid drainage (2 to 9 days; mean, 3.7 + 0.3 
days), starting at 108 to 138 days’ gestation (120 + 1.2), 
and a recovery period that followed the reintroduction 
of drained fluids. The volume replaced was that 
drained during the first 24 hours of drainage, because 
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this approximates the volume initially contained in 
the sacs.'" 7 

In eight experiments we drained fluids a second time, 
at least five days after restoration of normal amniotic 
and allantoic fluid volumes. In four of these, the sec- 
ond period of oligohydramnios was used to determine 
changes in fetal posture that resulted from oligohy- 
dramnios. Fetal blood gas values (PO:, PCO, pH), he- 
moglobin content, and hematocrit were measured daily 
from samples of carotid arterial blood. 

Measurements during in utero studies. Catheters 
were attached to pressure transducers (Statham P23ID) 
that were fixed in the same horizontal plane, level with 
the midpoint of the ewe when standing. Fetal pres- 
sures (tracheal, pleural, abdominal) were displayed or. 
a polygraph after subtraction of amniotic sac pressure; 
10 mm Hg produced a pen deflection of 20 mm. Am- 
niotic sac pressure (after subtraction of maternal in- 
traperitoneal pressure) was recorded at the same sez- 
sitivity. During periods of oligohydramnios, pressures 
were measured only after the drain catheters had been 
blocked for 2 to 4 hours, and the amniotic sac catheter 
flushed with 5 to 10 ml saline solution (to prevent hy- 
drostatic effects). Immediately before each recorcing 
period and at 8- to 12-hour intervals, the pressure mon- 
itoring circuits were rebalanced and recalibrated. The 
drift in these circuits was <0.5 mm Hg per 24 hours. 

Electromyographic electrodes were connected t dif- 
ferential amplifiers and filters. The fetal diaphragmatic 
electromyograph was displayed as an integral that re- 
set when full-scale deflection was reached. The number 
of integrator resets per hour was quantified to give an 
index of fetal breathing movements. The uterine elec- 
tromyograph was displayed on the polygraph efter fil- 
tering to indicate (along with amniotic pressure) non- 
labor uterine contractions. 

The net efflux of tracheal fluid over 12 to 24 hours 
was taken as a measure of the production of fetal lung 
liquid.'* ° Because it seemed likely that the flow of 
lung liquid at the time of nonlabor uterine contrac- 
tions may be altered by oligohydramnios we also mea- 
sured net tracheal flow during at least 20 -o 35 con- 
tractions over 24-hour periods. Lung liquid volume was 
assessed twice daily in five fetuses by draining liquid 
from the lower tracheal cannula into a sterile graduated 
container before returning it to the lungs. During oli- 
gohydramnios lung liquid volume was measured only 
after the amniotic and allantoic drain catheters had 
been blocked for 2 to 4 hours. In four fetuses, changes 
in lung liquid volume were measured during two pe- 
riods of oligohydramnios, and during cne period of 
amniotic and allantoic fuid replacemert. In four fe- 
tuses, lung liquid volume was also mezsured by dye 
dilution” during the control periods. 

Measurement of spinal curvature. We measured the 
degree of fetal spinal flexion, between the rump and 
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Fig. 1. Technique for. quantification of spinal- curvature 


in fetal sheep. Spinal outline between base of-neck and rump ° 


was divided into four equal segments. Four right bisectors 
were drawn, arid three radii obtained (AB, CD, EF). Mean 
radius was normalized to permit comparisons between fe- 
tuses of different sizes by dividing mean radius by Spine 
eas ; 


upper thorax at postmortem examination while the fe- 
tus was in utero. The outline, of the spine was traced 
onto paper and the mean radius of curvature com- 
puted; this was normalized by expressing it in relation 
to the length of the spine over which curvature was 
measured (Fig. 1). We confirmed the measurements 
from radiographs of the intact uterus that still con- 
tained the fetus after i it-was removed from the ewe and 
frozen. . 
Studies on fetal cadavers ex utero. Fourteen fetuses 
were studied ex utero <1 hour after death to. assess 
the effects of increased spinal flexion on fetal pressures 
(n = 6) and lung expansion (n = 12). Six fetuses were 
implanted with liquid-filled balloon-tipped catheters in 
the pleural space and’ abdominal cavity. In each fetus 
we inserted a catheter into the lower trachea to measure 


tracheal pressure (n = 6) or to measure the efflux of ' 


tracheal fluid (n = 12), taking care to minimize the loss 
of lung liquid. The fetal upper respiratory tract was 
not in circuit in the studies on cadavers. However, the 
absence of the normal resistance presented by the up- 
per respiratory tract? would be expected to alter only 
the time-course of changes in fetal pressures and lung 
liquid volume caused by spinal flexion. Pressures were 
recorded on a polygraph while we. manipulated the 


fetuses into three arbitrarily chosen degrees of spinal- 


flexion (mild, moderate, severe). The:starting (resting) 


, position was that: adopted naturally by the cadaver . 


had drained from the sacs, of which 1028 + 
was amniotic fluid. After 48 hours the drained volume 


December 19590 
Am J Obstet Gynecol 


when. it was placed on its side. To measure the change 
in lung expansion caused by changes in fetal posture 
we connected the tracheal cannula to a vertical grad- 
uated tube. Fluid leaving the lungs entered the tube 
and its volume was determined at the three stages of 
spinal flexion. The spinal outline was drawn at each 
position and the normalized mean radius of curvature 
was calculated. 

Data analysis. In each experiment we measured basal 
pressures at 5-minute intervals (n =30 to 35, during 
the control, oligohydramnios, and recovery periods, ex- 
cluding episodes of uterine motility. Pressure changes 
during uterine contractions (n = 20 to 30) were mea- 
sured at the peak of each contraction. Fetal pressures 
were measured during apnea or during episodes of 
fetal breathing movements at end-expiration. Data on 
pressures and lung liquid production and flow were 
taken during the last day of the control period, the 
second day of the oligohydramnios period, and the first ` 
24 hours of the recovery period, starting 6 hours after 
the ‘return of fluids. We analyzed differences between 
data obtained during control, oligohydramnios, and re- 
covery periods. with the Student ¢ test (paired or un- 
paired as appropriate) or two-way analysis of vari- 


` ance (ANOVA) followed by a Newman-Keuls multiple 
_ range test. Data from cadavers were analyzed with 


the same: tests. Data are presented as mean + SEM 
Peden: 


Results | l 
Volumes of fluids drained. Volumes of amniotic and 


| allantoic fluids that drained were measured after 24 
hours and 48 hours during 15 experiments in 12 sheep. 


129 ml 
Ill ml 


During the first 24 hours of drainage 1149 + 


was.1634 + 
niotic fluid. T 

Fetal condition throughout experiments. Each fetus 
was considered to be in good condition throughout the 


186 ml, of which 1442 + 138 ml was am- 


`- in utero experiments, as indicated by blood gas values, 


pH, hematocrit, and hemoglobin. Values obtained dur- 
ing the control period (Po, 24.8 + 1.1 mm Hg; Pco, 
48.6 + 2.0 mm Hg; pH 7.335 +.0.007; Sao, 61.3 + 
2.8; hemoglobin 9.4 + 0.3 gm/dl; hematocrit 33.6 + 
2.1%) did not differ significantly from those obtained 
during the oligohydramnios or recovery periods. Fe- 
tal breathing activity was assessed in six experiments: 
(five fetuses); the numbers of diaphragmatic electro- 
myographic integrator reséts/hour (arbitrary units) 
were 21.3 + 3.0 (control),.26,0 + 5.7 (oligohydram- 
nios), and 20.5 + 4.1 (recovery). Although the’ mean 


' value during oligohydramnios ‘was higher than that 


during the control period, it was not significantly sO 
©: 05<p<0. o However, there was a significant re- 
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Table I. Basal pressures (mm Hg) in fetal compartments and pressure increases (mm Hg) during 
nonlabor uterine contractions before, during, and after oligohydramnios in fetal sheep 





8(8) —0.15 + 0.57 a 





Amniotic sac 


pressure 6(4) — 4.13 + 0.42 
Fetal tra- 13(3) 1:27 = 0:2] _ 
cheal pressure 7(6) — 1.69 + 0.49 
Fetal pleural 8(7) 0.75 + 0.45 ee 
pressure 9(6) — 1.17 + 0.57 
Fetal ab- 6(4) 1.42 + 0.38 -== 
dominal pressure 5(4) — 1.14 + 0.57 





— 1.19 + 0.45 _— —0.06 + 0.65 — 
a _ 4.34 + 0.70 = 4.58 + 0.80 

2.96 + 0.31 — 1.51 + 0.16 — 
— 4.01 + 0.23 — 1.76 + 0.21 

0.91 + 0.47 —- 0.60 + 0.37 — 
~ 3.63 + 0.4] — 1.4] + 0.32 

1.82 + 0.44 — 1.44 + 0.40 — 
e 2.99 + 0.71 — 0.69 + 0.25 


Values of n denote numbers of experiments and, in parentheses, numbers of animals. 


duction in fetal breathing movements after fluids were 
replaced (p < 0.025). 

Basal pressure measurements. Basal pressures in the 
amniotic sac and in the fetal trachea, pleural cavity, and 
abdominal cavity during the control, oligohydramnios, 
and recovery periods are shown in Table I. During 
oligohydramnios the mean amniotic sac pressure, rel- 
ative to the ewe’s intraperitoneal pressure, was 1.0 + 
0.6 mm Hg lower than that during the control period 
and 1.1 + 0.5 mm Hg lower than that during the re- 
covery period, but these changes were not significant 
(p < 0.1, <0.05, respectively). The fetal tracheal pres- 
sure, relative to amniotic sac pressure, was significantly 
elevated by 1.69 + 0.32 mm Hg during oligohydram- 
nios (p < 0.001) from a control value of 1.27 + 0.21 
mm Hg, and was significantly reduced by 1.14 + 0.19 
mm Hg after fluids were returned (p < 0.001). Tra- 
cheal pressures during the control and recovery peri- 
‘ods were not significantly different. Fetal intrapleural 
and abdominal pressures, relative to amniotic sac pres- 
sure, increased slightly during oligohydramnios and 
declined after the return of fluids, but the pressure 
changes were not significant (Table I). 

Pressures during nonlabor uterine contractions. 
The mean interval between the start of successive 
nonlabor uterine contractions increased from 35.6 + 
9.7 minutes in the control period to 46.7 + 12.6 min- 
utes during oligohydramnios (p < 0.025, nine experi- 
ments, five animals). During the recovery period the 
interval between contractions (41.3 + 4.9 minutes) was 
not significantly different from that during the oli- 
gohydramnios or control periods. The duration of 
the contractions (nine experiments, six animals) in- 
creased from a mean control value of 8.0 + 0.6 min- 
utes to 9.0 + 0.8 minutes during oligohydramnios (p < 
0.025), and decreased significantly to 8.1 + 0.8 minutes 
after the return of fluids (p < 0.01). 

Pressure increments above baseline were measured 
in the amniotic sac and fetal compartments at the peak 
of nonlabor uterine contractions during the control, 


oligohydramnios, and recovery periods (Table I, Fig. 
2). Amniotic sac pressure increased during contractions 
by 4.1 + 0.5 mm Hg in the control period and was not 
altered significantly during the oligohydramnios or re- 
covery periods. During uterine contractions fetal tra- 
cheal pressure, relative to amniotic sac pressure, in- 
creased by 1.7 + 0.5 mm Hg during the control period, 
4.0 + 0.2 mm Hg during the oligohydramnios period, 
and 1.8 + 0.2 mm Hg during the recovery period. 
That is, oligohydramnios led to an additional increase 
in tracheal pressure during contractions of 2.3 + 0.4 
mm Hg over the increments that occurred during the 
control period (p < 0.001). This change was reversed 
when drained fluids were replaced (p < 0.001). 

The increments in intrapleural pressure, relative to 
amniotic pressure, during contractions were as follows: 
control, 1.2 + 0.5 mm Hg; oligohydramnios, 3.6 + 0.4 
mm Hg; recovery, 1.4 + 0.3 mm Hg. That is, the pres- 
sure increments increased significantly by 2.5 + 0.4 
mm Hg (p< 0.001) as a result of oligohydramnios, 
and decreased after drained fluids were returned (p < 
0.001). Fetal abdominal pressure also increased above 
amniotic pressure levels during nonlabor uterine con- 
tractions during the control (1.2 + 0.4 mm Hg), oli- 
gohydramnios (3.0 + 0.7 mm Hg), and recovery (0.7 + 
0.3 mm Hg) periods. During oligohydramnios, the 
pressure increments increased significantly by 1.9 + 
0.5 mm Hg (p < 0.025); when fluids were returned the 
pressure increments declined significantly (p < 0.025) 
to control values. 

Lung liquid production, flow, and volume. The ef- 
fects of oligohydramnios on fetal lung liquid produc- 
tion and flow during uterine contractions are shown in 
Table II). Lung liquid production, measured from net 
tracheal fluid efflux over at least 12 hours, was not sig- 
nificantly altered by oligohydramnios. Tracheal fluic 
flow rate was measured during uterine contractions in 
the same experiments during the second day of fluid 
drainage. Oligohydramnios led to an increase in the 
mean rate of fluid efflux (milliliters per hour) of 6.8 + 
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Fig. 2. Increments in fetal pressures and amniotic sac pres- 
sure during nonlabor uterine contractions in fetal sheep un- 
der control conditions, during oligohydramnios and after re- 
placement of drained fluids (recovery). During oligohydram- 
nios pressure increments in fetal abdomen, pleural space, and 
trachea rose significantly in relation to amniotic sac pressure. 
Increments in amniotic sac pressure during contractions did 
not alter as result of oligohydramnios. 


3.1 ml/hour during nonlabor contractions (p < 0.005, 
paired Student /-test) compared with the control pe- 
riod. The rate of efflux during contractions was lower 
in the recovery period than during oligohydramnios, 
but the difference was not significant. 

The volume of liquid that could be drained from the 
fetal lungs was measured twice daily during the control, 
oligohydramnios, and recovery periods (Table II, Fig. 
3). Because of normal variability in lung liquid volume 
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Table I. The effect of oligohydramnios on 

lung liquid production, tracheal flow during 
nonlabor uterine contractions, and drained 

lung liquid volume 


Oligohydramnios | Recovery 


Production 2.82 + 0.71 3.64+0.58 3.44 + 0.69 
(ml/hour, 
n = 6 ex- 
periments) 
Flow during 
contractions 
(ml/hour, 
n = 6 ex- 
periments) 


5.21 + 1.03 12.02 + 3.86 7.67 + 0.96 


Volume (ml, 35.3 + 4.2 28.4 + 3.9. 2 
n = 9 ex- 
periments) 

Volume (ml, — 
n = 5 ex- 


periments) 


31.2 + 4.6 43.9 + 6.9 


Data on lung liquid production and flow were obtained in 
four fetuses; data on lung liquid volume were obtained in a 
separate group of five fetuses. 


with time, a mean value was obtained for each fetus 
from the four values obtained over 2 days that pre- 
ceded oligohydramnios, during the first 2 days of oli- 
gohydramnios, and during the 2 days after the replace- 
ment of fluids. During nine periods of oligohydramnios 
in five fetuses, starting at 112 to 128 (119 + 2) days’ 
gestation, there was a reduction of drained lung liq- 
uid volume from 35.3 + 4.2 ml to 28.4 + 3.9 ml (p < 
0.025). Replacement of amniotic and allantoic fluids 
at 12] + 3 days’ gestation led to an increase in lung 
liquid volume from 31.2 + 4.6 ml to 43.9 + 6.9 ml 
(five experiments, five fetuses; p < 0.001). The volume 
of lung liquid drained was 84.2% + 8.6% of the vol- 
ume obtained by the dye-dilution method (nine exper- 
iments, four fetuses). 

Spinal curvature in utero. Spinal curvature was mea- 
sured in seven fetuses (aged 123 to 130 days) that had 
not been subjected to oligohydramnios, and in seven 
fetuses (aged 125 to 138 days) that had been subjected 
to 2 to 9 days of oligohydramnios (Table III, Fig. 4). 
When the mean radius of curvature was normalized 
for spine length, values obtained in fetuses killed dur- 
ing oligohydramnios (0.40 + 0.02) were significantly 
smaller than those in control fetuses (0.76 + 0.07, 
p < 0.001). In each of three sets of twins included in 
the group described above, the spinal radius was less 
in the fetus exposed to oligohydramnios than that tn 
the control twin (Table ITT). 

Studies on fetal cadavers. The aim of these studies 
was to measure the effects of imposed changes in spinal 
flexion on pressures that affect the fetal lungs end on 
lung expansion. In the resting position, pressures in 
the abdomen, pleural cavity, and trachea were equal to 


Volume 163 
Number 6, Part I 


Table III. The. effect of oligohydramnios on 
spinal radius of curvature normalized for 


spine length in fetal sheep in utero 


Oligohydramnios 





No, of fetuses 7 7 


Fetal age (days) 130.7 + 1.6 126.8 + 1.0 
Spinal radtus (R/L) 0.76 + 0.07 0.40 + 0.02 
Days of oligohycramnios — BrO 
No. of twin fetuses 3 3 

Fetal age (days) 126, 129, 130 126, 129, 130 
Spinal radius (R/L) 0.87, 0.55, 0.89 0.34, 0.42, 0.43 


Days of oligohydramnios — D- Pa 


R, Radius of curvature; L, spine length. Data on three sets 
of twins included in the group of seven fetuses (upper) are set 
out separately (lower). 


atmospheric pressure. Pressure changes in six fetuses 
(aged 123 to 141 days) at the three stages of spinal 
flexion are shown in Table IV. The mean pressures in 
each compartment increased incrementally when the 
spine was increasingly flexed; however, the differences 
between pressures during mild and moderate degrees 
of Hexion were not significantly different. At each level 
of spinal flexion, the mean pressures measured in the 
trachea tended to be greater than those in the other 
fetal compartments, although the differences were not 
significant. 

In a separate study, changes in fetal liquid lung vol- 
ume were studied in 12 fetal cadavers between 123 and 
141 days’ gestation (Fig. 5, Table IV). At the resting 
position a pressure head of 1 to 2 cm water was created 
in the tracheal liquid. With increasing degrees of spinal 
flexion (mild, moderate, severe) increasing amounts of 
luminal liquid left the lungs via the trachea in each 
fetus. With mild, moderate, and severe flexion, the vol- 
ume leaving the lungs represented 5.8%, 11.0%, and 
18.0%, respectively, of the initial volume of lung liquid 
(determined by drainage); these volumes were signifi- 
cantly different from each other. There was no signif- 
icant effect of gestational age on the change in lung 
liquid volume during spinal flexion (Fig. 5). 


Comment 


In our previous study'’ we showed that prolonged 
oligohydramnios resulted in reduced lung expansion 
in fetal sheep, an observation that we have now con- 
firmed during short-term oligohydramnios. A reduc- 
tion in fetal lung expansion, if prolonged, is known to 
result in lung hypoplasia,'* ‘7 and is the most likely 
explanation for oligohydramnios-induced lung hypo- 
plasia. We now present data that show a mechanism 
whereby oligohydramnios leads to reduced fetal lung 
expansion and that the effects are established quickly 
and can be readily reversed by replacement of fluids 
into the fetal sacs. Our observations indicate that oli- 


Effects of oligohydramnios on fetal lungs 1909 


60 
_ 50 
E 
uJ 
Z 
= 
=d 
> 40 
> 
Q 
ə 
S 
— 
© 
© 30 
> 
— 
A N 
UJ 
Z 
Ai X S 
ao 

ne 
10 
0 cence EERE 
CONTROL OLIGO- OLIGO- RECOVERY 


HYDRAMNIOS HYDRAMNIOS 


Fig. 3. Changes in drained lung liquid volume in five fetal 
sheep in response to oligohydramnios and to replacement of 
drained amniotic and allantoic fluids (i.e., recovery). In four 
of five fetuses there were two periods of oligohydramnios. 
Each data point is mean of four values obtained over 48 hours. 


gohydramnios causes a rise in fetal pulmonary “airway” 
pressure, relative to amniotic sac pressure, principally 
as a result of an alteration in fetal posture (i.e., in- 
creased spinal flexion) imposed by a reduction in uter- 
ine volume. Our data also indicate that in twin preg- 
nancies only the fetus without an adequate volume of 
surrounding fluid is affected. 

The increase in tracheal fluid pressure, relative to 
amniotic pressure, that occurs during oligohydramnios 
would be expected to lead to an increased efflux of 
liquid from the lungs via the trachea. Such a flow of 
liquid would be very difficult to detect under basal con- 
ditions because of the normally large variability of tra- 
cheal flow in the fetus.” However, we were able to de- 
tect an increased rate of efflux of fluid during nonla- 
bor uterine contractions when the pressure difference 
between the lungs and amniotic sac increases for sev- 
eral minutes. The measurement of an increased tra- 
cheal pressure also indicates that the fetus is able to 
resist, at least partially, the loss of luminal liquid from 
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Table IV. Upper, increments in fetal pressures during increasing degrees of spinal flexion in six fetal 
sheep cadavers ex utero (mean age, 134 + 3.2 days); lower, efflux of lung liquid via the trachea with 
increasing degrees of spinal flexion in 12 fetal sheep cadavers (mean age, 132.2 + 2.1 days) 


| Resting |__Mild flexion | Moderate flexion | Moderate flexion Severe flexion 


Tracheal pressure (mm Hg) — 
Pleural pressure (mm Hg) = 
Abdominal pressure (mm Hg) — 
R/L 0.65 + 0.09 


Reduction in lung liquid volume (ml) — 
R/L 0.77 + 0.07 


Normalized spinal radius (R/L) is given for each fetal position. 


its lungs. The loss of lung liquid would be apposed (but 
could not be prevented) by the upper airway, which 
normally offers a resistance to the efflux of tracheal liq- 
uid, particularly in the absence of fetal breathing move- 
ments.” It is possible that an increase in the resistance 
of the upper airway during uterine contractions may 
have contributed to the observed increase in tracheal 
pressure. 

Our data on changes in fetal posture that result from 
oligohydramnios and from fetal cadavers subjected to 
similar postural changes allow us to propose an ex- 
planation for increased tracheal pressure and reduced 
lung liquid volume associated with oligohydramnios. 
In fetal cadavers with liquid-filled lungs, increased flex- 
ion of the spine between the upper thorax and the 
rump, caused graded increases in pressure in the ab- 
domen, pleural cavity, and trachea. Most of this flex- 
ion occurs in the abdominal segments. We propose 
that as the abdominal contents become compressed the 
diaphragm is displaced into the thorax, thereby com- 
pressing the lungs. In cadavers we observed that this 
effect was increased by apposition of the upper hind 
limbs to the abdominal wall; this postural feature was 
noted in some of the fetuses post mortem after oligo- 
hydramnios. 

In fetuses killed during oligohydramnios the degree 
of spinal flexion, quantified as the ratio of mean spinal 
radius to spine length, was approximately equal to mod- 
erate spinal flexion that we imposed on cadavers. This 
produced a rise in tracheal pressure of 2.0 mm Hg, 
which was slightly greater than the pressure rise mea- 
sured in the fetal trachea in utero, in the absence of 
uterine muscle activity. The pressure increments in the 
abdomen and pleural space of cadavers during mod- 
erate flexion were also greater than the nonsignificant 
increments in these compartments in vivo during oli- 
gohydramnios. These differences between in utero 
and ex utero measurements are probably a result 
of those in cadavers being made in a closed system 
(i.e., lung liquid could not escape via the trachea), 
whereas in utero the fetal trachea can communicate 
with the amniotic sac. Moderate spinal flexion in ca- 
davers caused a loss of 5 ml of luminal liquid from the 
lungs. This was less than we measured during 48 hours 


1.54 + 0.16 1.98 + 0.35 3.15 + 0.47 
1.18 + 0.25 1.52 + 0.31 2.50 + 0.45 
1.30 + 0.09 1.58 + 0.14 2.70 + 0.49 
0.45 + 0.04 0.38 + 0.02 0.34 + 0.02 
2.5 + 0.4 5.0 + 0.6 8.2 + 0.8 
0.49 + 0.03 0.41 + 0.01 0.35 = 0.01 


of oligohydramnios, possibly because the lungs of ca- 
davers are less expanded, due to unavoidable escape 
of lung liquid after death of the fetuses. The volumes 
of fluid that we subsequently drained from the lungs 
of cadavers supports this. However, the studies on fetal 
cadavers clearly show that posture is an important de- 
terminant of basal lung capacity, as it is in the adult.” 
In particular, our studies show that increasirg spinal 
flexion, similar to that induced by oligohydramnios, 
can lead to compression of the fetal lungs. Ir the ab- 
sence of an upper airway it is to be expected that this 
would lead to reduced lung expansion, but eren with 
an intact, functioning upper airway and continuing fe- 
tal breathing movements, a reduction in fetal Jung ex- 
pansion must occur, although the time course may be 
longer. 

Our measurement of a nonsignificant reduction in 
amniotic sac pressure is-in agreement with our earlier 
study.'’ In human pregnancy, a reduction in amniotic 
sac pressure has been reported during oligohydram- 
nios,” which may be expected to accentuate the driving 
force favoring loss of liquid from the lungs. However, 
a fall in amniotic sac pressure in the absence of fetal 
postural changes Would be expected to be accompa- 
nied by a similar reduction in fetal pressures. That fetal 
pressures did not fall but tended to rise indicates that 
some independent rise in pressures occurred within the 
fetus. We propose that this is a result of an imposed 
change in fetal posture. 

We have shown that the effects of oligohydremnios 
on the fetal lungs are increased by nonlabor contrac- 
tions of the uterus, which are a normal feature of the 
latter half of pregnancy in many species including hu- 
man beings.*! ** ?? Although they are of low intensity 
(typically <5 mm Hg) they are known to exert effects 
on the fetus, including alteration of thoracic dimen- 
sions,” reduced fetal oxygenation,” and reductions in 
uterine blood flow.” Ultrasonographic observatians on 
fetal pygmy goats showed that these contractions also 
cause increasing degrees of spinal flexion.” This ac- 
cords with our observations of increased pressures in 
the fetal abdomen, pleural cavity, and trachea, partic- 
ularly during oligohydramnios. Even when normal vol- 
umes of amniotic and allantoic fluids are present, uter- 
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Fig. 4. Radiographs of fetal sheep in utero after removal from ewe. Upper, control fetus aged 135 
days. Lower, fetus aged 129 days after 9 days of oligohydramnios. Note greater degree of spinal 


flexion in fetus in presence of oligohydramnios. 


ine contractions are associated with increased pulmo- flux of lung liquid during contractions is increased dur- 
nary airway pressure and increased flow of liquid from ing oligohydramnios presumably because of the greater 
the lungs, particularly when the contractions coincide pressure difference between the lungs and amniotic 


with episodes of fetal breathing movements.” The ef- sac; the contractions are also slightly longer. Whethe1 
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Fig. 5. Reduction in lung liquid volume in 12 fetal sheep ca- 
davers ex utero at two age groups (upper, 123 to 127 days and 
lower, 136 to 141 days) in response to three stages of imposed 
spinal flexion (mild, moderate, severe). In both groups, in- 
creasing spinal flexion led to increased loss of liquid from 
lungs via trachea. 


this additional loss of lung liquid contributes to the 
reduction in lung liquid volume during oligohydram- 
nios cannot be determined at present. That the fetus 
is able to resist the compressive effects of these con- 
tractions, at least partially, is shown by the measured 
increases in tracheal pressure. This resistance is likely 
to be a result of fetal muscular activity in the upper 
respiratory tract, because we observed in one fetus a 
greatly increased efflux of lung liquid via the trachea 
during contractions after it was inadvertently killed 
in utero during oligohydramnios. 

The effects of oligohydramnios on fetal pressures 
were evident within 12 to 24 hours of the start of drain- 
age of amniotic and allantoic fluids, and a reduction 
of lung liquid volume was measured over the first 48 
hours. This is to be expected if the observed effects are 
indeed a result of the physical consequences of reduced 
uterine dimensions. Similarly, it is to be expected that 
the fetal pressure and lung volume changes should be 
reversible, which we found them to be. Normal fetal 
pressures (basal and during uterine contractions) were 
recorded within 2 to 4 hours of reexpanding the fetal 
fluid sacs. It is of interest that an increase in the volume 
of amniotic fluid above normal in pregnant sheep will 
reduce the extent of changes in thoracic dimensions 
during nonlabor uterine contractions.” 

Lung liquid production was not affected by short- 
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term oligohydramnios during the present study and 
therefore cannot have contributed to the observed 
changes in pulmonary pressures or volume. This is in 
agreement with our earlier study'' in which there was 
no reduction in lung liquid production until after 48 
hours of oligohydramnios. It is likely that the reduced 
lung liquid production we previously observed during 
prolonged oligohydramnios was principally a result of 
reduced lung growth and was not a response to alter- 
ations in the endocrine or fluid-balance status of the 
animals.'® 

We conclude that oligohydramnios in ovine preg- 
nancy can lead to an increased pressure gradient be- 
tween the pulmonary airways of the fetus and the am- 
niotic sac, favoring the loss of lung liquid via the tra- 
chea, and a reduction in lung expansion. These changes 
are probably maintained by increased spinal flexion im- 
posed on the fetus by a reduced uterine volume, and 
are augmented during recurring nonlabor contractions 
of the uterus. The effects on the fetus are reversible 
and support the clinical management of the fetus ex- 
posed to oligohydramnios by intraamniotc infusion of 
fluids.” 

Expert technical assistance of Ms. K. Billings, Ms. J. 
Norman, and Mr. A. Satragno is gratefully acknowl- 
edged. Radiography was kindly performed by Dr. R. 
Lavelle, Veterinary Clinical Centre, University of Mel- 
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Soluble factors produced by isolated first-trimester chorionic 
villi directly inhibit proliferation of T cells 


Richard K. Silver, MD, Jane M. Turbov, BA, Judith A. Beaird, BS, and 


Joseph Golbus, MD 


Evanston, Illinois 


Supernatants from human trophoblast cultures have been reported to be both suppressive and stimulatory 
of mitogen-induced T-lymphocyte transformation. These discordant observations have been attributed to 
methodologic differences among laboratories, but may instead relate to inadvertant cellular contamination 
during long-term culture. Retrieval of chorionic villi for genetic analysis has provided an opportunity to 
evaluate the immunoregulatory activity of the isolated villus preparation, unencumbered by extended 
culture techniques. Primary cytotrophoblast cultures were established from karyotypically and clinically 
normal pregnancies and the supernatants were recovered. Allogenic mononuclear cells, stimulated by 
phytohemagglutinin, were uniformly inhibited by trophoblast supernatant (mean inhibition, 34.3%). This 
inhibition was verified in one-way, mixed lymphocyte cultures and suppression of T cells occurred in a 
dose-dependent fashion over a range of trophoblast supernatant concentrations. No evidence of 
suppressor T-cell induction by trophoblast supernatant was noted with the use of both phenotypic studies 
of lymphocytes incubated with trophoblast supernatant and a functional suppressor T-cell inducer assay. 
We believe that the immunoregulatory properties of trophoblast supernatants identified with the use of 
these methods more closely approximate the paracrine function of the in situ villus. (AM J OBSTET GYNECOL 


1990;163:1914-9.) 


Key words: Trophoblast, lymphocytes, immunosuppression 


There exists considerable evidence that maternal im- 
munologic tolerance of the fetal allograft is, in part, 
dependent on the intervening trophoblast barrier. The 
influence of this fetally derived tissue is likely diverse 
and includes both passive and active immunoregula- 
tion.'* The presumed “nonantigenicity” of the outer 
syncytiotrophoblast and its ability to bind and neutral- 
ize offending antibodies are two examples of passive 
immunoregulation.*- In contrast, synthesis and release 
of immunologically potent mediators may modulate 
both the systemic host response and the local intra- 
uterine environment.” è Contemporary investigations 
that have focused on mediator release by cultured tro- 
phoblast cells have yielded conflicting results. For ex- 
ample, Yagel et al? described a predominantly cyto- 
trophic influence on lymphocyte proliferation by both 
trophoblast cells and their supernatants, whereas San- 
yal et al.'° observed immunosuppression with similar 
methods. Discordant observations have also been noted 
in studies with murine placental extracts presumed to 
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contain distinct molecules that promote suppression or 
stimulation, depending on their relative concentra- 
tions." 

Whereas it is possible that the in situ human tropho- 
blast could be both suppressive and stimulatory of ma- 
ternal immune responses, these contradictory obser- 
vations might instead be related to differences in the 
specific methods of prior experiments.® ' Retrieval of 
trophoblast material from pregnancies undergoing 
elective termination might inadvertantly :nclude sam- 
ples from gestations destined to develop clinical ab- 
normalities (e.g., intrauterine growth retardation), 
making inferences regarding normal trophoblast im- 
mune function inappropriate. The possibility that some 
aneuploid pregnancies might be included also exists. 
In addition, reliance on relatively long-term culture 
techniques could lead to nontrophoblast cell contami- 
nation or even dedifferentiation of trophoblast cells 
cultured by repeated passage. In the immunologic stud- 
ies by Yagel et al., trophoblast cell lines were maintained 
for up to 100 days (by serial in vitro passeges at 4- to 
8-day intervals). 

To avoid these potentially confounding issues and to 
ensure that the villus samples retrieved for study were 
associated with genetically and clinically normal preg- 
nancies, we used short-term cultures of karyotypically 
normal, isolated chorionic villi obtained for prenatal 
diagnosis from otherwise low-risk patients. Our specific 
objective was to use this trophoblast source to evaluate 
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Table I. Selected characteristics of the chorionic villus sampling procedures from which trophoblast 


supernatant samples were obtained 


Immunologic assays performed 





PHA-mitogenesis (Fig. 1) 34 
PHA-mitogenesis, dose-response (Fig. 2) 3 
Mixed lymphocyte culture (Fig. 3) 10 
Suppressor T-cell inducer assay (Fig. 4) 8 


PHA, Phytohemagglutinin. 


the influence of trophoblast supernatants on selected 
assays of cellular immune function. 


Material and methods 


Retrieval of trophoblast supernatants. Chorionic vil- 
lus tissue was recovered for cytogenetic analysis (after 
informed consent with a protocol approved by the In- 
stitutional Review Board) by either the transabdominal 
or transcervical route between 8 to 12 weeks’ gestation, 
with sampling methods previously reported.” Prepa- 
ration and culturing of the specimens was accomplished 
with methods adapted from Simoni et al." and Niazi 
et al.,’* designed to minimize the possibility of maternal 
or nontrophoblast cell contamination.” Briefly, recov- 
ered villi were meticulously cleaned under an inverted 
microscope, then reduced to their mesenchymal core 
by enzyme digestion (trypsin followed by collagenase). 
This latter step removes the outer syncytiotrophoblast 
layer along with any adherent nontrophoblast cells 
(e.g., decidual cells, red blood cells, and macrophages) 
that remain after the initial dissection. The samples 
were then centrifuged and resuspended in Chang’s 
growth medium (Hana Biologics, Irvine, Calif): Pri- 
mary cultures were refed with fresh media at 24 hours, 
after which the media were not changed. Cultures were 
harvested on day 6, at which time there were approx- 
imately 2 x 10° cells per culture well. The supernatants 
were recovered and frozen at — 20° C so that the clinical 
outcome of each pregnancy would be known before 
inclusion of the sample in the immunologic assays. The 
supernatants from 55 chorionic villus specimens (ob- 
tained between November 1988 and October -1989) 
from completed, karyotypically and clinically normal 
pregnancies were selected randomly to be used in the 
experiments described here. Selected characteristics of 
the chorionic villus sampling procedures from which 
these trophoblast supernatant samples were retrieved 
are summarized in Table I. 

Mitogen-stimulated mononuclear cell assays. To de- 
termine the effect of trophoblast supernatant on 
mitogen-induced T-cell transformation, mononuclear 
cells, isolated from the blood of healthy, nonpregnant 
adult volunteers and suspended at 2 x 10° cells/ml 


Number of 
trophoblast 
supernatant 
samples used 












Route of chorionic 
villus sampling 
(Cervical/ Abdominal) 






Gestational age (wk) 
(mean + SD) 


15/19 10.0 + 1.0 
1/2 9.4 + 0.3 
7/3 9.8 + 0.9 
4/4 10.7 + 1] 


were cultured for 3 and 4 days with 0.2 ug/ml of phy- 
tohemagglutinin (Sigma Chemical Co., St. Louis). Tro- 
phoblast supernatant (25% concentration) or an equal 
volume of control media (growth media that was in- 
noculated into empty culture wells at the initiation of 
the villus culture) was added at the onset of mitogen 
stimulation. After an 18-hour tritiated thymidine ex- 
posure, cultures were harvested and liquid scintillation 
counting was performed. Viability testing (by trypan 
blue exclusion) was >85% in this and all other exper- 
iments. The means and SE of all triplicates were cal- 
culated and the degree of suppression was expressed 
as a ratio of the mean counts per minute of trophoblast 
supernatant experiments over the mean counts per 
minute of control experiments. Additional assays were 
also performed with higher and lower concentrations 
of trophoblast supernatants (1%, 5%, 10%, and 50%) 
in an attempt to identify a dose-response relationship. 
T-cell mitogen experiments were repeated with alli- 
quots of heat-inactivated trophoblast supernatants (30 
minutes in a 56° C shaking water bath). 

One-way, mixed lymphocyte cultures. To confirm 
that the immunosuppression observed in the mitogen 
experiments was T-cell specific, 5-day mixed lympho- 
cyte cultures were performed with mononuclear cells 
from two human lymphocyte antigen—incompatible 
donors. Responders and stimulators (treated with mi- 
tomycin C) were combined in a 5:1 ratio (to maximize 
the detection of immunosuppression). Trophoblast su- 
pernatant or contro] media was added at a 25% con- 
centration to the culture wells at initial coincubation. 
Cultures were pulsed with tritiated thymidine and then 
terminated and counted as previously described. Stim- 
ulation indexes were calculated for all triplicates after 
subtraction of background counts derived from autol- 
ogous combinations. Results were expressed as a ratio 
of the trophoblast supernatant and control media stim- 
ulation index values to quantitate suppression. 

Suppressor T-cell inducer assay. To determine 
whether the observed suppression involved the induc- 
tion of suppressor T cells by trophoblast supernatant, 
a two-stage experiment was performed. Initially, mono- 
nuclear cells were incubated with 25% trophoblast su- 
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Fig. 1. Suppression of T-cell mitogenesis by trophoblast supernatants. Results from two periods of 
incubation with 24 different trophoblast supernatant samples. Means and corresponding SEs shown. 


PHA, phytohemagglutinin. 


pernatant or media only for 3 days. These two groups 
of cells were removed by vigorous pipeting, rinsed with 
media, and then washed and exposed to mitomycin C. 
In the second stage, both the trophoblast supernatant— 
treated and control-treated cells (1 x 10° cells/ml) 
were incubated for 72 additional hours with the same 
number of fresh, untreated cells and 0.5 pg/ml of phy- 
tohemagglutinin. These cultures were pulsed and har- 
vested as previously described. In addition, separate 
aliquots of the trophoblast supernatant—treated and 
control-treated cells were analyzed by flow fluorocy- 
tometry (Bectin-Dickenson) with antibody labeling to 
detect any change in the percentage of suppressor T8* 
cells (as a consequence of trophoblast supernatant ex- 
posure). 

Statistical analysis. Group means were analyzed by 
the two-tailed Student ¢ test or analysis of variance. The 
SEM of each triplicate set is depicted in each figure. A 
p value <0.05 was considered as significant. 


Results 


Phytchemagglutinin-induced proliferation of T cells 
was uniformly inhibited in 24 separate trophoblast su- 
pernatant experiments with either 3-day or 4-day ex- 
posures (Fig. 1). Suppression was observed in all ad- 
ditional supernatants used in these experiments (data 
not shown). On average, a 34% decrease was observed 


(range, 14 to 50) and heat inactivation did not alter this 
finding (mean suppression induced by heat-inactivated 
trophoblast supernatant = 33%; range, 20 to 44; 
n = 10). Fig. 2 shows a clear dose response, with max- 
imal suppression occurring at the 50% trophoblast su- 
pernatant concentration (p < 0.001 by Friedman anal- 
ysis of variance). Performance of one-way mixed lym- 
phocyte cultures in the presence of 25% trophoblast 
supernatant confirmed immunosuppression in all 10 
samples tested (Fig. 3). 

An evaluation of suppressor T-cell induction with 
six individual mononuclear cell donors and eight 
different trophoblast supernatant. samples (known 
to be suppressive of mitogen-induced proliferation) 
failed to reveal functional evidence of suppressor T- 
cell induction (Fig. 4). In fact, moderate enhancement 
of phytohemagglutinin-induced transformation was 
noted in most of these experiments. Although an over- 
all increase in the percentage of phenotypic suppressor 
T cells was observed by fluoresence antibody binding 
(Table II), this change was also seen in cells exposed to 
media alone, suggesting that it was a temporal artifact 
of mononuclear cell culture. 


Comment 


With the trophoblast source and culture techniques 
described in this study, trophoblast susernatant con- 
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Fig. 2. Dase-response of suppression of T-cell mitogenesis with three different trophoblast super- 
natant (TS) samples. Means and corresponding SEs shown. PHA, phytohemagglutinin. 
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Fig. 3. Suppression of mixed lymphocyte culture (MLC) by 25% concentration of trophoblast su- 
pernatant (TS). Means and corresponding SEs shown. 
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Fig. 4. ‘l’-suppressor—inducer assay: pre-treated mononuclear cells (with control media or trophoolast 
supernatant), then incubated with three sets of peripheral blood lymphocytes (donors A, B, and C) 
and phytohemagglutinin (PHA). No functional evidence of suppressor T-cell induction by trosho- 
blast supernatant was observed in this experiment (or in experiments with four additional trophoblast 


supernatant samples; data not shown). 


Table II. Exposure of mononuclear cells to a trophoblast supernatant* for 72 hours: observed changes in 


the proportion of mononuclear céll subpopulations 







T % of total mononuclear ceils 


Postincubation 





Antibody-labeled? T-cell subpopulations 





Preincubation 


T3 + (total T cells) 50.1] 
T4 + (helper T cells) 32.6 
T8 + (suppressor T cells) 20,2 
2H4 + (suppressor-inducer T cells) 36.1 
4B4 + (helper-inducer T cells) 20.9 








Experimental 
Control (media + trophoblast 

(media only) supernatant) 
68.9 63.5 
50.2 49.8 
31.2 32.5 
53.9 55.5 
51.5 52.2 


*The data shown represent one of the eight trophoblast supernatant samples tested in the suppressor T-cell inducer assay 
(Fig. 4). Similar results were obtained by incubating the other trophoblast supernatant samples with mononuclear cells from 


additional donors (results not shown). 


+The letter-numeral combinations listed represent the monoclonal antibodies used to identify mononuclear cell subsets. 


sistently suppressed mononuclear cell transformation. 
The ability of the first-trimester trophoblast to inhibit 
maternal T-cell proliferation by a paracrine mechanism 
may directly contribute to fetal survival. Many fac- 
tors produced by the fetoplacental compartment have 
been reported to be immunosuppressive including cho- 
rionic gonadotropin, placental lactogen, pregnancy- 


associated serum protein A, and others.’*'* However, 
before attempting to identify which factor(s) is respon- 
sible for local immunoregulation, the appropriateness 
of the trophoblast source chosen for study should be 
considered. By using villi retrieved during the first 
trimester from karyotypically normal. uncomplicated 
term pregnancies, and by processing these specimens 
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to exclude nontrophoblast cells, we believe that our in 
vitro observations closely resemble the paracrine func- 
tion of the human trophoblast. 

The immunosuppression we observed appeared to 
be directly related to trophoblast supernatant in a dose- 
dependent fashion. Unlike other studies that have im- 
plicated suppressor T-cell induction by trophoblast su- 
pernatant as the mechanism for mononuclear cell 
suppression, we did not confirm this phenomenon. It 
may be that the relatively short incubation time (72 
hours) precluded the detection of suppressor T-cell 
subpopulations because there was insufficient time for 
their development. However, Sanyal et al.'° were able 
to identify suppressor cell induction with similar tech- 
niques. An analysis of their data reveals that only six 
of the 11 trophoblast supernatant samples tested ap- 
peared to induce suppressor T-cell differentiation; a 
finding that we would interpret as inconclusive. 

Future studies should focus on identification of the 
soluble factor(s) in trophoblast supernatant with im- 
munosuppressive capability. Theoretically, a deficiency 
of such factors early in pregnancy might be pathologic 
(e.g., increase the likelihood of miscarriage or predis- 
pose a patient to recurrent pregnancy loss). Because 
chromosomally abnormal gestations exhibit an exag- 
gerated rate of first-trimester fetal wastage, study of 
aneuploid supernatants identified at the time of cho- 
rionic villus sampling might provide a meaningful con- 
trast to the experimental observations associated with 
normal pregnancies. 


We thank Kris Fischer for her invaluable technical 
assistance in performance of the laboratory assays. 
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Proliferative and antiproliferative effects of interferon-y and 


tumor necrosis factor-a on cell lines derived from cervical and 


ovarian malignancies 


David G. Mutch, MD, L. Stewart Massad, MD, Ming-Shian Kao, MD, and 


John Leslie Collins, PhD 


St. Louis, Missouri 


Four human cell lines derived from cervical carcinomas (ME-180, SiHa, HT-3, and MS751) and three 
human cell lines derived from ovarian carcinomas (SK-OV-3, Caov-3, and NIH:OVCAR-3) were analyzed 
in vitro to determine the effect of recombinant interferon-y and.recombinant human tumor necrosis 
factor-a on cell growth and survival. The effects of interferon-y, tumor necrosis factor-a, and both 
interferon-y and tumor necrosis factor-a on cell growth were measured after 24 and 72 hours of incubation 
by the incorporation of chromium 51. The results of this analysis showed that all seven cell lines were 
resistant to the antiproliferative action of tumor necrosis factor-a, that the growth of most cell lines was 
inhibited by interferon-y by 72 hours of incubation, and that after 72 hours of incubation all cell lines 
demonstrated a synergistic antiproliferative response to the combination of interferon-y and tumor necrosis 
factor-a. However, the effects of these cytokines on cell growth were found to differ among cell lines and 
varied with the concentration and the duration of incubation. The growth of one cell line (Caov-3) was 
stimulated by both tumor necrosis factor-a and interferon-y. These results suggest that the clinical effects 
of these cytokines on the growth of gynecologic cancers may be more complex than previously supposed. 


(Am J OBSTET GYNECOL 1990;163:1920-4.) 


Key words: Tumor necrosis factor-a, interferon-y, cell growth, gynecologic malignancy 


Cytokines are proteins, secreted by macrophages and 
lymphocytes, that are known to modulate the growth 
of various tissues. Recent advances in recombinant de- 
oxyribonucleic acid technology have made possible the 
synthesis of large quantities of cytokines in pure form, 
allowing study of the effects of these peptides individ- 
ually on a variety of cell types. The cytokines tumor 
necrosis factor-a and interferon-y have shown in vitro 
antiproliferative effects on cell lines derived from gy- 
necologic malignancies.'* The combination of these 
two cytokines often acts synergistically to inhibit cell 
growth in vitro.” The antiproliferative effects of 
tumor necrosis factor-a and interferon-y in vitro have 
prompted clinical studies of these cytokines as antican- 
cer agents. Unfortunately, few clinical responses have 
been noted.** 

The discrepancy between the clinical and in vitro 
_ responses of gynecologic cancer ceils to these cytokines 
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suggests that the actions of tumor necrosis factor-a or 
interferon~y on cancer cells may be more complex than 
previously supposed. To evaluate the potential vari- 
ability of responses to tumor necrosis factor-a and 
interferon-y, we investigated the effects of these two 
cytokines on the growth of seven arbitrarily selected 
cell lines derived from human cervical and ovarian car- 
cinomas. 


Material and methods 


Cell lines. ME-180, SiHa, HT-3, and MS751 are 
independent cell lines originally derived from 
human cervical carcinomas. SK-OV-3, Caov-3, and 
NIH:OVCAR-3 are independent cell lines originally 
derived from human ovarian carcinomas. All cell lines 
were obtained from the American Type Culture Col- 
lection (Rockville, Md.) and were maintained as ex- 
ponentially growing cultures. All cell lines except 
HT-3 and NIH:OVCAR-3 were grown in Dulbecco’s 
modified Eagle’s medium supplemented with 30 
mg/ml L-glutamine (Sigma Chemical Co., St. Louis), 
450 U/ml penicillin (Sigma), 40ug/ml streptomycin 
(Sigma), and 10% fetal bovine serum (HyClone Labo- 
ratories, Logan, Utah). HT-3 cells were grown in 
McCoy’s medium containing the same supplements as 
Dulbecco’s modified Eagle medium. NIH:OVCAR-3 
cells were grown in RPMI-1640 medium containing the 
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same supplements as Dulbecco’s modified Eagle me- 
dium with an additional 10 pg/ml recombinant human 
insulin (Eli Lilly & Co., Indianapolis). NIH:OVCAR-3 
cells were grown at 37° C in a humidified atmosphere 
of 5% carbon dioxide and 95% air. All other cells were 
grown at 37° C in a humidified atmosphere of 10% 
carbon dioxide and 90% air. 

Cytokines. Recombinant human interferon-y (2.5 x 
10’ U/mg) was obtained from Genzyme (Boston) and 
was reconstituted with Dulbecco’s modified Eagle me- 
dium (10* U/ml). Recombinant human tumor necrosis 
factor-a (2 x 10’ U/ml, Genzyme) also was reconsti- 
tuted with Dulbecco’s modified Eagle medium (10* 
U/ml). Both cytokines were stored at — 70° C until use, 
when they were diluted in the appropriate medium 
used for the routine growth of cells before use in the 
assay of cell growth. 

Assay of cell growth by incorporation of chromium 
51. Cells were plated at time 0 in 96-well microtiter 
plates at 2 x 10° cells per well in 50 wl of the medium 
used for the routine growth of cells and incubated un- 
der the usual growth conditions. At 24 hours, 50 pl of 
interferon-y or control medium and 50 ul of tumor 
necrosis factor-a or control medium were added to each 
well. Cells then were incubated for an additional 24 to 
72 hours under usual growth conditons, when media 
were removed for labeling. At specified times after the 
addition of cytokines, each well received 30 pl of *'Cr 
(50 pCi/ml, New England Nuclear/DuPont, Boston) in 
RPMI-1640 medium containing 3 gm/ml bovine serum 
albumin (Sigma). Plates were incubated 3 hours in a 
humidified atmosphere of 5% carbon dioxide at 37° C. 


Each well was washed four times with 100 wl Dulbecco’s . 


modified Eagle medium to remove unincorporated 
Cr. Cells were lysed by the addition of 150 pl of dis- 
tilled water for 15 to 20 minutes. The microtiter plates 
were shaken to complete lysis, then centrifuged 10 min- 
utes. From each well, 75 pl of supernatant was removed 
and counted in a ‘y-counter. Six replicate wells contain- 
ing no interferon-y or tumor necrosis factor-a were 
counted from each plate. The percent growth that re- 
sulted from incubation with cytokines was calculated 
by the following formula: Percent growth = (cpm *'Cr 
incorporated by treated cells/cpm *'Cr incorporated by 
control cells) x 100. 

Statistical analysis. The high and low values from 
each group of six wells were dropped. The means of 
the remaining four wells were compared with Student’s 
t test. The results presented are representative of mul- 
tiple experiments. Synergy between tumor necrosis 
factor-a and interferon-y was assumed to exist if one 
or both of these agents had no significant effect on cell 
growth and the percent growth in the presence of their 
combination was significantly different from that in the 
presence of either cytokine alone. When both agents 
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significantly altered growth when used alone, synergy 
was assessed by the construction of tsobolograms.'® 


Results 


Effects on cell growth of 24 hours of incuba- 
tion with interferon-y and tumor necrosis factor-a. 
We have previously shown that ME-180, MS751, 
SiHa, HT-3, SK-OV-3, NIH:OVCAR-3, and Caov-3 
are all resistant to lysis by tumor necrosis factor-a 
and interferon-y when measured in a 24-hour *Cr 
release assay.'” '* These cytokines have also been shown 
to either increase or decrease the growth of different 
cell lines in vitro.'* To determine the effects of tumor 
necrosis factor-a and interferon-y on cell growth, cells 
were incubated with various concentrations of tumor 
necrosis factor-a, interferon-y, or tumor necrosis 
factor-a and interferon-y. After 24 hours of incubation, 
cell growth was measured by the incorporation of 
Cr. The growth of treated cells was expressed as a 
percent of untreated control cells. 

As shown in Table I, tumor necrosis factor-a did not 
affect the growth of any of the cell lines except that of 
Caov-3, which was significantly increased in the pres- 
ence of tumor necrosis factor-a at concentrations of 10 
and 100 U/ml. Interferon-y at a concentration of 10 
and 100 U/ml also increased the growth of the cell line 
Caov-3. Contrary to its growth-stimulatory effect on 
Caov-3 cells, interferon-y inhibited the growth of 
ME-180, MS751, and HT-3 cells. 

As shown in Table I, the combination of tumor 
necrosis factor-« and interferon-y at 100 U/ml was 
synergistic in inhibiting the growth of ME-180, 
SiHa, HT-3, and SK-OV-3 cells. Although the growth 
of MS751 cells was inhibited by interferon-y alone, 
the combination of tumor necrosis factor-a and 
interferon-y appeared to be antagonistic (1.e., the com- 
bination did not inhibit growth). The combination of 
tumor necrosis factor-a and interferon-y did not in- 
crease the proliferative effects that these two cytokines 
elicited individually in Caov-3 cells. 

Effects on cell growth of 72 hours of incubation 
with of tumor necrosis factor-a and interferon-y. To 
determine whether periods of incubation with tumor 
necrosis factor-a or interferon-y might elicit growth 
responses that were quantitatively or qualitatively dif- 
ferent from those observed at 24 hours, cells were in- 
cubated with tumor necrosis factor-a, interferon-y, or 
tumor necrosis factor-a and interferon-y for 72 hours. 
The growth of treated cells was compared with that of 
untreated cells as described above. As shown in Table 
IJ, 72 hours of incubation with cytokines resulted pri- 
marily in quantitative changes in the growth of cells 
compared with 24 hours of incubation. 

As with 24 hours of treatment, the treatment of cells 
with tumor necrosis factor-a for 72 hours did not sig- 
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Table I. Effects of 24 hours of exposure to interferon-y, tumor necrosis factor-a, and their comiination 
on the growth of cell lines derived from gynecologic malignancies 
Cell growth (percentage of control) 


Interferon- 
(ul ml) 


Tumor necrosis factor-a and 
interferon-y (u/ ml) 


ME-180 98 116 94 104 77 69 90 60%} 13*+ 
MS751 93 95 101] 76* 92 80* 94 105 97 
SiHa 108 106 103 10] 98 88 100 95 787 
HT-3 87 96 100 91 82* 76" 100 94 83*+ 
SK-OV-3 8] 9] 88 92 93 81 79 85 74 
NIH: OVCAR-3 101 119 104 81 88 83 95 94 83 
Caov-3 152 220° 205* 123 150* 1S6* 167* 148* 126 


* Significantly different from control, p < 0.01. 


t Significantly different both from cells exposed to tumor necrosis factor-« and from cells exposed to interferon~y at equal 


cytokine concentration, p < 0.05. 


Table II. Effects of 72 hours of exposure to interferon-y, tumor necrosis factor-a, and their combination 


on the growth of cell lines derived from gynecologic malignancies 


Cell growth (percentage of control) 


Tumor necrosis factor- 
(u/ ml) 


Cell line 
ME-180 101 120* 100 80 
MS751 93 112 94 98 
HT-3 94 110 104 101 
SiHa 103 103 89 97 
SK-OV-3 94 109 87 110 
NIH:OVCAR-3 115 137* 108 95 
Caov-3 165* 257* 183* 130 


* Significantly different from control, p < 0.01. 


a 


Interferon-y Tumor necrosis factor-a and 
(u/ ml) interferon-"+ (ul ml) 


§4* + 
105 
83* 
103 
81 
93 
150 


io 8} 111- 46*F 
100 189* 154™= 68* 7 


t Significantly different both from cells exposed to tumor necrosis factor-a and from cells exposed to interferon-y at the same 


concentration, p < 0.05. 


nificantly inhibit the growth of any cell line, and it ac- 
celerated the growth of Caov-3 cells (Table 11). Whereas 
treatment of NIH:OVCAR-3 cells with tumor necrosis 
factor-a for 24 hours had no effect, treatment for 72 
hours with 10 U/ml increased the growth of these 
cells (Table II). The magnitude of the response of 
cells to interferon-y was increased by treatment for 72 
hours compared with 24 hours. Thus, extending the 
duration of treatment with interferon-y from 24 to 
72 hours resulted in greater growth inhibition of the 
cell lines ME-180, MS751, SiHa, and HT-3. In addi- 
tion, the growth of two cell lines (SK-OV-3 and 
NIH:OVCAR-3) that was not affected by 24 hours of 
exposure to interferon-y was significantly decreased 
when treated with 100 U/ml for 72 hours (Table II). 
Although treatment with interferon-y for 24 hours in- 
creased the growth of Caov-3 cells, this response did 
not occur when the duration of incubation was in- 
creased to 72 hours (Table II). 

As shown in Table II, synergistic growth inhibition 
by the combination of interferon-y and tumor necrosis 


factor-a was seen in all cell lines when cells were treated 
with 100 U/ml of tumor necrosis factor-a and 100 
U/ml of interferon-y for 72 hours. This was true 
even for Caov-3 cells, which continued to show signif- 
icant growth stimulation at lower concentrations (i.e., 
at 1 and 10 U/ml) of tumor necrosis factor-a and 
interferon-y. 

Although the effects of tumor necrosis factor-a, in- 
terferon-y, or tumor necrosis factor-a znd interferon- 
y on cell growth were found to differ among the seven 
cell lines (Tables I and II), these differences were not 
related to inherent differences in the growth rates of 
the cell lines. The doubling times of all cell lines, except 
Caov-3, varied from 2] to 34 hours; for some cell lines 
that differ greatly in their response to these cytokines, 
there was no difference in their doubling times (data 
not shown). 


Comment 


Several authors have reported the effects of tumor 
necrosis factor-a and interferon-y on the in vitro 
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growth of cell lines derived from cervical and ovarian 
malignancies." These reports have emphasized the in- 
hibitory actions of these cytokines, but the results of 
early clinical trials with these cytokines in the treatment 
of cancer have yielded few responses.*'® Our findings 
suggest several possible explanations for this in vivo 
resistance to tumor necrosis factor-a and interferon-y. 

The results presented in our report show that the 
antiproliferative effects of tumor necrosis factor-a and 
interferon-y depend on the duration of exposure of 
cells to these cytokines. After 24 hours of incubation, 
only two of seven cell lines showed inhibition of growth 
by tumor necrosis factor-a (Table I). Interferon-y in- 
hibited the growth of five of seven cell lines at 24 hours, 
but the magnitude of inhibition did not become pro- 
nounced until cells were incubated with interferon-y 
for 72 hours (Table II). Phase I clinical trials have 
shown that although significant serum concentrations 
of tumor necrosis factor-a and interferon-y are 
achieved shortly after their administration, the levels 
of these cytokines decline rapidly and are rarely mea- 
surable in serum after 24 hours.” Therefore clinical 
efficacy may require sustained administration. 

In addition to the duration of exposure to tumor 
necrosis factor-a and interferon-y, our results also sug- 
gest that growth inhibition may be dose dependent. In 
the cell lines tested, growth inhibition rarely occurred 
at cytokine concentrations of 1 to 10 U/ml and only 
became significant at 100 U/ml. The majority of reports 
on the in vitro antiproliferative effects of these agents 
have used cytokine concentrations >10,000 U/ml.'* 
Clinical studies have shown that levels of tumor necrosis 
factor-a and interferon-~-y that can be sustained for sev- 
eral hours rarely exceed 100 U/ml.*" If these cytokines 
only inhibit cell growth in vivo when their concentra- 
tions approximate 100 U/ml, then clinical control of 
tumors may require the development of techniques for 
the regional delivery of higher cytokine concentrations. 

To date, most studies of the growth effects of tumor 
necrosis factor-a and interferon-y on human cancer 
cells have reported on only a small number of cervical 
and ovarian cell lines.'* Our data, based on a series of 
seven arbitrarily selected cell lines derived from human 
cervical and ovarian carcinomas, show that there is con- 
siderable heterogeneity in the responses of these cell 
lines to tumor necrosis factor-« and interferon-y 


(Tables I and II). We found that most cell lines: 


are resistant to growth inhibition by tumor necrosis 
factor-a at pharmacologic concentrations and that 
cell lines vary substantially in their sensitivity to 
interferon-y. Caov-3 cells actually grew more rapidly 
in the presence of either tumor necrosis factor-e or 
interferon-y. Clinically, the incidence of resistance to 
growth inhibition by tumor necrosis factor-a may be 
high, and some tumors may respond to exposure to 


TNF-a and IFN-y alter growth of gynecologic cancer cells 1923 


tumor necrosis factor-e or interferon-y with acceler- 
ated growth, as the cell line Caov-3 did in this study. 

Finally, it should be noted that growth inhibition and 
cell lysis are not synonymous. Many assays that measure 
the’ effects of cytokines or other anticancer agents on 
cells compare the relative numbers of treated and un- 
treated cells after some period of incubation. If the 
number of treated cells is less than the number of un- 
treated cells, it cannot be known whether the decrease 
in the number of treated cells is a result of cytostasis 
or cytolysis. This is true regardless of how cells are 
enumerated and is particularly problematic with ex- 
tended periods of treatment (i.e., when the period of 
incubation is sufficient to permit an increase in the 
number of untreated cells). We have shown previously 
that exposure of these cells to tumor necrosis factor-a 
or interferon-y for up to 24 hours does not result in 
lysis, ™® and the assay technique used in this and most 
other studies cannot distinguish cytolysis from cyto- 
stasis.'*->8 If in vivo, as in vitro, the effects of tumor 
necrosis factor-a and interferon-y are only cytostatic, 
slow-growing tumors may appear unresponsive to these 
agents. Furthermore, the cytostatic effects of these 
agents may not persist after the cytokines have been 
cleared from the circulation, and tumors, although 
briefly growth inhibited, may then resume growth. 

Our data confirm several reports that have noted 
the antiproliferative synergy of the combination of 
interferon-y and tumor necrosis factor-a.'° Others 
have proposed that such synergy may result from 
interferon—induced upregulation of cell surface re- 
ceptors for tumor necrosis factor-a,’* although the 
number of surface receptors specific for tumor necrosis 
factor-a does not correlate with sensitivity to tumor 
necrosis factor-a.” The results presented herein show 
that the addition of interferon~y can inhibit cell growth, 
apparently independently of the addition of tumor ne- 
crosis factor-a. A number of cell lines of diverse his- 
tologic type have been shown to secrete tumor necrosis 
factor-a constitutively.” *! In addition, interferon-y has 
been shown to stimulate the production of tumor ne- 
crosis factor-a in monocytes.”* To rule out the possibility 
that the addition of interferon-y induces the secretion 
of tumor necrosis factor-a, supernatant fluids from 
ME-180 cells incubated with and without interferon-y 
were analyzed for the presence of tumor necrosis 
factor-a.” The results of this analysis showed that 
ME-180 cells do not secrete tumor necrosis factor-a into 
the media even when interferon-y was added (data not 
shown). It thus seems unlikely that interferon-y inhibits 
cell growth through a mechanism involving tumor ne- 
crosis factor-a. 

The results of this study suggest that the mechanism 
of the observed synergistic antiproliferative effect of 
tumor necrosis factor-a and interferon-y may be more 
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complex than the simple increase in the number of 
tumor necrosis factor-a receptors or induction of tu- 
mor necrosis factor-a secretion by interferon-y. Re- 
gardless of the mechanism of synergy between tumor 
necrosis factor-a and interferon-y in inhibiting the 
growth of carcinoma cell lines, our results suggest that 
a combination therapy with tumor necrosis factor-a and 
interferon-y would improve the efficacy of these cy- 
tokines as anticancer agents. 
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Strains of Staphylococcus aureus Escherichia colt.* Klebsiella spp ' 
(including K pneumonae*) Proteus mirabilts.* Bacteroides fragilis * 
Enterobacter spp .* and Acinetobacter calcoaceticus ' 
Intra-Abdominal Infections caused dy beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp (including K pneumoniae’). Bacteroides 
spp. (including B fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli. * and Bacteroides spp * (including B fragitis*) 
*Efficacy for this organism inthis organ system was Studied in tewer than 10 
infections 
While UNASYN®* (ampicillin sodium: sulbactam sodium) is indicated only 
for the conditions listed above. intections caused by ampicillin-Susceptibie 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN ıs contraindicated in individuals with a history ot 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TOOCCUR ININDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITHA PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash Thus. ampicillin class antibiotics shoule not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho 
gens should be kept in mind during therapy It superinfections occur 
(usually involving Pseudomonas or Candida). the drug should be discon 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of aliopurino! and ampicillin increases sub 
stantially the incidence of rashes in patents receiving both drugs as 
compared to patients receiving ampicillinalone Itisnotknown whether this 
potentiation of ampicillin rashes 1s due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the sn vitro inactivation of aminoglycosides by 
the ampicillin component ot UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
resence of glucose in urine using Clinitest ~. Benedict's Solution or 
ehling’s Solution It is recommended that glucose tests based on en 
zymatic glucose oxidase reactions (such as Clinistix”” or Testape ~) de 
used Following administration of ampicillintopreqnantwomen atransient 
decrease in plasma concentration of total conjugated estriol. es 
trolglucurenide conjugated estrone. and estradio! has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Lorg term stug 
es in animals have not been performed to evaluate carcinogenic or muta 
genic potential 
Pregnancy 
Pregnancy Category B: Reproduction studies have Deen performed in mice 
rats. and rabbits at doses up to ten (10! times the human dose and navi 
revealed no evidence of impaired fertility or harm to the tetus due ti 
UNASYN There are. however, no adequate and well controlled studies u 
pregnant women Because anima! reproduction studies are not alway: 
predictive of human response. this drug should be used during pregnanc’ 
only if clearly needed (See—Drug/Laboratory Test Interactions } 
Labor and Delivery: Studies in guinea pigs have shown that intravenou: 
edministration of ampicillin decreased the uterine tone. frequency o 
contractions height of contractions and duration of contractions How 
ever. itis not known whether the use of UNASYN in humans during labor o 
Gelivery has immediate or delayed adverse effects onthe fetus. prolongs thi 
duration of labor of increases the likelihood that forceps delivery or othe 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam arı 
excreted inthe milk. therefore, caution should be exercised when UNASY? 
is administered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN have not been establisnec 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ıs generally well tolerated The following adverse reactions havi 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16°% 

Thrombophliebitis —3°c 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2°o of the patients 
Additional systemic reactions reported in less than 1° of the patients were 
itcling. Nausea vomiting. Candidiasis. fatgue. malaise. headache ches 
pain. flatulence. abdominal distension. glossitis. urine retentior. dysuria 
edema. facial swelling. erythema. chilis. tightness in throat substerna 
pam. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

Hepatic Increased AST (SGOT). ALT (SGPT). alkaline phosphatase anc 

LOH 

Hematologic Decreased hemoglobin. nematocrit RBC. WBC. neu 

trophils. lymphocytes. platelets and increased lymphocytes mono 

cytes basophils. eosinophils and platelets 

Blood Chemistry Decreased serum albumin and tota! proteins 

Renal Increased BUN and creatinine 

Urinalysis: Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampiciilin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, Stomatitis black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. andanocca 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and, it necessary. systemic cortico 
Steroids Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa 
sional fatal hypersensitivity (anaphylactic) reactions can occur with ¿ 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above fo! 
UNASYN. agranulocytosis has been reported during therapy with pen 
icillins All of these reactions are usually reversible on discontinuation o! 
therapy and are believed to be hypersensitivity phenomena 
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Agents and Chemotherapy. Las Vegas. Oct 24-26. 1983 (abs) 9. Wasilauskas 
B: Susceptibility of anaerobes to ampicillin-sulbactam and 6 other ant 
microbialagents. abstract Presented atthe Annual Meeting of the American 
Society for Microbiology, Miam: Beach. Fla. May 8-13. 1988 10. Wexler 
HM. Harris B. Carter WT. etal: In vitro efficacy of sulbactam combined with 
ampicillin against anaerobic bacteria Antimicrob Agents Chemother 
1985.27 876-878. 11. Ampicillin/sulbactam (Unasyn) Med Lett Drugs Ther 
1987. 29(August 28).79-81. 12. Hemsell DL. Wendel GD Hemsel! PG 
Combating beta-lactamase enzyme— principal defense mechanism of 
many pelvic infection pathogens Presented as a scientific exhibit at the 
Thirty-Sixth Annual Clinical Meeting of the American College of Obstet 
ricrans and Gynecologists. Boston. May 2-4, 1988 13. Senft H-H. Steg! 
mayer R. Eibach HW. et al. Sulbactam/ampicillin versus cefoxitin in the 
treatment of obstetric and gynaecological infections Drugs 1986.31isuppl 
2): 18-21 14. Newton ER. Gibbs RS Treatmentof postpartum endometritis 
A comparison of ampicillin/sulbactam vs gentamicin plus clindamycin 
Presented as a scientific exhibit at the Thirty-Sixth Annual Clinical Meeting 
of the American College of Obstetricians and Gynecologists. Boston. May 
2-4,1988 15. Gunning J: Acomparison of parenteral sulbactam ampicillin 
versus clindamycin/gentamicin in the treatment of pelvic inflammatory 
disease Drugs 1986.31(supp! 2) 14-17 16. Stromberg BV Reines HD Hunt 
P Comparative clinical study of sulbactam and ampicillin and clincamycin 
and tobramycin in infections of soft tissues Surg Gyn Obstet 1986.152 
575-578 17. Kager L. Malmborg AS. Nord CE. et al A randomized 
controlled trial of ampicillin plus sulbactam vs gentamicin plus chn 
damycininthe treatment of intraabdominal infections Apreliminaryreport 
Rev Infect Dis 1986.8(supp! 5) 5583-5588. 18. Brunat MA Pouly JL. Le 
Boedec G. et al Treatment of acute salpingitis with sulbactam ampicillin 
Comparison with cefoxitin Drugs 1986.31(suppl 2) 7-10 19. FaroS Expe- 
rence with ampicillin/sulbactam for OB/GYN infections Presented at a 
symposium entitled B-Lactamase Inhibitors Progress with Ampicilhn 
Sulbactam Atlanta, December 6. 1987 p 14 (abs) 


INDICATIONS AND USAGE 

UNASYN is indicated for tne treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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Strains of Staphylococcus aureus. Escherichia coli. > Klebsiella spp * 
(inciuding K pneumoniae’), Proteus mirabilis. * Bacteroides fragilis * 


Enterobacter spp * and Acinetobacter calcoaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia colt. Klebsiella spp (including K pneumoniae’) Bacteroides 
spp (including B fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli. * and Bacteroides spp * (including 8 fragilis") 
“Efficacy for this organism inthis organ system was Studied in fewer than 10 
nfections 
While UNASYN®* (ampicillin Sodium sulbactam sodium) ıs indicated only 
forthe conditions listed above infections caused by ampicillin-susceptible 
organisms are also amenabie to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiot 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated ndividuals with a history ot 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHY LAC 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITHA PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC 
TIONS TO PENICILLINS CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillindevelopaskinrash Thus ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of Superinfections with mycotic or bacteria! patho 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida) the drug should be discon 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases subd- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone Itisnotknown whether this 
potentiation of ampicillin rashes 1S due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not 3e 
reconstituted together due to the in vitro inactivation of aminog!ycosides Dy 
the ampicillin component ot UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin’ High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
resence of glucose in urine using Clinitest” Benedicts Solution or 
ehling $ Solution It is recommended that glucose tests based on en- 
zymatıc glucose oxidase reactions (such as Chnistix ~ or Testape ~) be 
used Following administration of ampicillin to pregnantwomen atransient 
decrease in plasma concentration of total conjugated estriol. es- 
tnoiglucuraride. Conjugated estrone. and estradiol has been noted This 


effect may also occur with UNASYN 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long term stug 
es in animals have not been performed to evaluate carcincgenic or mut 
genic potentia 

regnancy 
Pregnancy Category B: Reproduction studies Nave Deen per’or 
rats. and rabbits at doses up to ten 10) times the human dose ang Nave 


revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are however no adequate and well controlled studies 
Because animal reproduction studies are not always 
predictive of human response. this drug shouid be used during pregnancy 
only itclearly needed (See—Drugq Laboratory Test Interactions 
Labor and Delivery: Studies in guinea pigs Nave shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency ol 
contractions height of contractions and duration of contractions How 
ever itis not known whether the use of UNASYN in humans during lador or 
delivery has immediate or delayed adverse effects onthetetus prolongs the 
duration of labor or increases the like inood that torceps delivery or other 
obstetrical intervention or resuscitation of the newborn will De necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted inthe milk. therefore. cautior should be exercised when UNASYN 
s administered to a nursing woman 
Pediatric Use: The efficacy and satety q UNASYN have not been estadiisnec 
n infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The tc 
been reported 
Local Adverse Reactions 

Pain at IM injection site — 16° 

Thrombophlebitis — 3°: 
Systemic Adverse Reactions 
The most frequently reported adverse seactions were diarrhea in 3™o of tne 
patients and rash in less than 2°o of the patients 
Additional systemic reactions reportedin less than 1°. of the patients were 
itching. nausea vomiting candidiasis fatigue. malaise. headache ches! 
pain. flatulence. abdominal distension glossitis urine retention dysuria 
edema facial swelling. erythema. chi is. tightness in throat sudsterna 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship t? 
reported during clinical trais were 

Hepatic Increased AST (SGOT). ALT«SGPT) alkaline phosphatase anc 

LOH 

Hematologic Decreased hemogiobn. hematocrit RBC WBC neu 

trophils. lymphocytes. platelets and increased lymphocytes mono 

cytes basophils. eosinophils. and platelets 

Bicod Chemistry Decreased serum adumin and tota! proteins 

Renal Increased BUN and Creatinine 

Urinalysis Presence of RBC s and nyaline Casts in urine 
The following adverse reactions have been reported with ampicilin-ciass 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. Stomatitis Dlack hairy tongue. enterocolts 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria erythema multitorme and an occa 
sional case of exfoliative dermatitis hawe been reported nese reactions 
may be controlled with antihistamines aad, if necessary, systemic c 
steroids Whenever such reactions occur the drug should de discontinued 
unless the opinion of the physician dictates otherwise Serious and occa 
sional fatal hypersensitivity (anaphylactic) reactions can occur with ¿ 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above to) 
JNASYN. agranulocytosis has been reported during therapy with pen 
icillinsg All of these reactions are uSually reversible on discontinuation o 
therapy and are Delieved to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 

your standards. UNASYN costs at least 40% less per 

day than clindamycin/gentamicin or cefoxitin." Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard œ mised infections.” 


And in some studies versus combi- 


res ults that don t Cost nation therapy, patients treated with 
UNASYN spent fewer days in 


3 
a fi ort une. i the hospital.*'°"” 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections* 
every day. 


1.5 or 3g q6h 


IM 
IV 


(ampicillin sodium/sulbactam sodium) 





A division of Pfizer Pharmaceuticals 


*Due to susceptible strains of indicated organisms An antibiotic for every day 


Please see brief summary of prescribing information 
on adjacent page 


©1989, Pfizer Inc 
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Smart, current, 
in-depth, tough, unique, 
charismatic, authoritative, 
handy, relevant, lucid, 
thorough, convenient, 
detailed, pithy, top-notch, 
helpful, sagacious, 
indispensible, 
comprehensive, thought- 
provoking, timely, incisive, 


Okay. So we wenta 
little overboard. But we 
could go on and on about the 
Year Book of Infertility. We could gush about 
how it gives you abstracts of the 310 most 
important articles from the past year. And we 


straightforward, lively, 
astute, invaluable, 


concise, fact-packed, 
and one-of-a-kind. 


and if you're not completely satisfied, just send it 
back and owe nothing. 

We are confident, however, that you'll 
want to add a few adjectives of your own to this 
list—extraordinary, delectable, and revolutionary 
are still available. 


could carry on about our distinguished editors ee eee -7 
who comment on the significance and clinical _ Yes! | 
application of the abstracts. Please send my free 30-day examination copy of the 1990 
; Year Book of Infertility (20414). If I decide to keep the book | 
But let's be honest, you've probably seen I'll pay just $51.95 plus shipping and handling. 
other publishers use these same words to de- | 
scribe their products. And no list of adjectives Name Oo | 
can really convey a book's usefulness and value. Kaaeeg tee | 
You've got to evaluate it for yourself. | 
That's why we're offering you this no- City, State. Zip ~ — Telephone 
risk, no-obligation, 30-day, free trial of the Year NA an i 
“ys A e ear Boo 
Book of Infertility. Just give us a call or drop this Call TOLL FREE 1-800-426-4545 
coupon ın the mail and we'll send you a free Or send this coupon Attn: Pat Newman, 11830 Westline Industrial Drive, | 
e e : St. Louis, MO 63146-9988 
examination copy. Put it to work for a month, L R mca-o25 | 
This Year Book is published annually. For the convenience of our customers, Mosby-Year Book enters each purchaser as a subscriber to future volumes and sends annual announcements 
approximately 2 months before publication. The new volume will be shipped upon publication unless you complete and return the announcement requesting cancellation within the time 
indicated. You may cancel your subscription at any time. Each new volume may be examined for 30 days, and may be returned for full credit. Return postage is guaranteed. 


WE HAVE A POINT TO MAKE. 





SO LITTLE CAN DO SO MUCH. 


ACON "45 


(norethindrone [0.4 mg] and ethinyl 
estradiol [0. 035 mg]) tablets 


Ovcon* 35 offers your patients contracep- 
tion, with the lowest norethindrone dose 
of any combination OC. Low incidence 
of both androgenic side effects! and 
breakthrough bleeding? 


x Data on file, Bristol-Myers Company. 

Gordon M, Boria M: Multiclinic study of a low-dose oral contraceptive, in The Metabolic 
Efe ts of a Low-Estrogen/Low-Progestogen Oral Contraceptive. New York, Biomedical Information 
Corp., 1981, pp 8-11. 


Ovcon 35 has a unique estrogen/progesto- 
gen ratio. And remember—Ovcon 35 has 
no generic equivalent. 

Amazing how so little can do so much. 
Our point. Exactly. 


Mead Himen 


LABORATORIES 
A Bristol-Myers Co 
U 


Indiana 47721 


Dedicated to Women’s Health Care 


Please see next page for brief summary of complete prescribing information. 
C-K39- 1989 


© 1989, Bristol-Myers Company, Evansville, Indiana 4772] U.S.A. 


CWCON 35 


(norethindrone [0.4 mg] and ethinyl estradiol [0.035 mg}) tablets 


Indications and Usage: Ovcon is indicated for the prevention of pregnancy. Some combination 
products containing < or less of ethinyl estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. 
Dose-related Risk of Thromboembolism from Oral Contraceptives: Two studies have shown a 
pove association between the dose of estrogens in oral contraceptives and the risk of thromboem- 
lism. For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen. The oral contraceptive product prescribed for any given patient should be that 
product which contains the least amount of estrogen that is compatible with an acceptable pregnancy 
rate and patient acceptance. It is recommended that new acceptors of oral contraceptives be started 
on preparations containing 50 mcg or less of estrogen. 
Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophlebitis or thromboembolic disorders. 2) A past history of deep vein throm- 
bophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 4) Known or 
suspected carcinoma of the breast. 5) Known or suspected estrogen dependent neoplasia. 6) Un- 
diagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. 8) Benign or man liver 
e eer developed during the use of oral contraceptive or other estrogen-containing pr 
arnings: 


ucts. 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral comer should be strongly advised not 
to smoke. Use of oral contraceptives is associated with increased risk of several 


serious conditions, including thromboembolism, stroke, myocardial infarction, hepatic 
adenoma, gallbladder disease, hypertension. Practitioners prescribing oral 
contraceptives should be familiar with the following information relating to these risks. 





1) Thromboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic 
and thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal 
and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. In a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of 
Doone toxemia) the higher the risk of ceverging myocardial infarction, regardless of whether 
he patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
clear additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive users 
who do not smoke (smoking considered a major predisposing condition to myocardial infarction) are 
about twice as likely to have a fatal myocardial infarction compared to nonusers who do not smoke. 
Oral contraceptive users who smoke have about a 5-fold increased risk of fatal infarction compared to 
users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not 
smoke. The amount of smoking is a very important factor. British investigators concluded that the risk 
of thromboembolism including coronary thrombosis is directly related to the dose of estrogen used in 
oral age tage thee preparations containing 100 mcg or more of estrogen were associated with a 
higher risk of thromboembolism than those containing 50-80 mcg of estrogen. The relative risk of 
thromboembolic disease associated with progestin-only oral contraceptives has not been determined. 
Cases of thromboembolic disease have been reported in women using progestin-only products, and 
they should not be presumed to be risk-free. The overall excess mortality rate annually from Panny 
diseases for oral contraceptive users was estimated to be 20 per 100,000 (ages 15-34, 5/100,000; 
ages 35-44, 33/100,000; ages 45-49 140/100,000), the risk being concentrated in older women, in 
those with a long duration of use, and in cigarette smokers. The highest risk was found in heavy 
cigarette smokers (15 or more cigarettes per = i who used oral contraceptives and were age 40 or 
older. Women: who smoke should be advised not to use oral contraceptives. The use of oral 
contraceptives in women over age 40 with other risk factors is not recommended. The mortality 
associated with all of the methods of birth control is low compared to the risk of childbirth, with the 
exception of oral contraceptive users who smoke and are over age 40. The lowest mortality is 
associated with the condom or diaphragm backed up by early abortion. The risk of thromboembolic 
and thrombotic disease associated with oral contraceptives increases with ajo after approximately 
age 30 and for myocardial infarction is further increased by hypertension, hypercholesterolemia, 
obesity, diabetes, or history of preeciamptic toxemia, and especially by cigarette smoking. The 
physician and the patient should be alert to the earliest manifestations of thromboembolic and 
thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, 
coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be 
suspected, the drug should be discontinued immediately.|f feasible, oral contraceptives should be 
discontinued at least 4 weeks before ar Wi a ye associated with an increased risk of thrombo- 
embolism or prolonged immobilization. ( ular Lesions. There have been reports of neuro-ocular 
lesions such as optic neuritis or retinal thrombosis associated with the use of oral contraceptives. 
Discontinue the medication if there is unexplained sudden or gradual, partial or complete loss of 
vision; sudden onset of proptosis or diplopia; papilledemia; or retinal vascular lesions, and institute 
appropriate diagnostic and therapeutic measures. 3) Carcinoma. ran term administration of either 
natural or synthetic estrogen in certain animal species increases the frequency of carcinoma of the 
breast, cervix, vagina and liver. In humans, one study investigated the first 21 cases of endometrial 
adenocarcinoma in women on oral contraceptives reported to a registry. Of those women without 
predisposing risk factors for this disease, nearly all occurred in women who had used a sequential oral 
contraceptive. No evidence has been reported suggesting an increased risk of endometrial cancer in 
users of conventional combination or progestin-only oral contraceptives. No increase in breast cancer 
in women taking oral contraceptives has been reported although one study reported an increased risk 
of breast cancer in subgroups of women treated using oral contraceptives with documented benign 
breast disease. There is at present no confirmed evidence from human studies of an increased risk of 
cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
nao, msg henry diagnostic measures should be taken to rule out malignancy. Women with a 
strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
mammograms should be monitored with particular care if they elect to use oral contraceptives. 
4) Hepatic Adenoma. Benign hepatic adenomas have been found to be associated with the use of oral 
contraceptives. One study reported a higher risk associated with oral contraceptive formulations with 
high hormonal potency. Although benign and rare, hepatic adenomas may rupture and may cause 
death through intra-abdominal hemorrhage. This has been reported in short term as well as long term 
users of oral contraceptives. Two studies relate the risk with duration of contraceptive use, the risk 
being much greater after 4 or more years of oral contraceptive use. While hepatic adenoma is a rare 
lesion, it should be considered in women presenting abdominal pain and tenderness, abdominal mass, 
or shock. A few cases of hepatocellular carcinoma have been reported in women taking oral 
contraceptives. The relationship of these drugs to this cy of ene is not known at this time. 
5) Use in Pregnancy, Birth Defects in Offepring and Malignancy in Female Offspring. Fetal ab- 
normalities have been reported to occur in the offspring of women who have taken progestogens 
and/or estrogens durin magany It has been shown that females exposed in utero to diethyl- 
stibestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a form of vaginal 
or cervical cancer that is ordinarily extremely rare. A ig Lobia 0 of such exposed women (30% to 
90%) have been found to have epithelial changes of the vagina and cervix. Although these changes 
are histologically benign it is not known whether this condition is a precursor of vaginal oe 
Male children so exposed may develop abnormalities of the urogenital tract. Similar data are not avail- 
able with the use of other estrogens but it cannot be presumed that they would not induce similar 
changes. The data suggest that the risk of limb reduction defects in exposed fetuses is somewhat less 
than 1 in 1000 live births. In the past, female sex hormones have been used — pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that estrogens are 
ineffective for these indications and there is no evidence from well-controlled studies that progestins 
are effective for these uses. Increases in chromosomal aberrations have been reported in women who 
become pregnant soon after ceasing oral contraceptive therapy. Embryos with these anomalies are 


virtually always spontaneously aborted. Whether there is an overall increase in spontaneous abortion 
of pregnancies conceived soon after stopping oral contraceptives is unknown. It is recommended that 
for any patient who has missed two consecutive paroasa pregnancy should be ruled out before 
continuing the contraceptive regimen. If the patient has not adhered to the prescribed schedule, the 
possibility of pregnancy should be considered at the time of the first missed period and further use of 
oral contraceptives should be withheld until propnaney has been ruled out. If pregnancy is confirmed 
the patient should be apprised of the potential risks to the fetus and the advisability of pregnancy 
continuation should be discussed in light of these risks. It is also recommended that women who 
discontinue oral contraceptives with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months. Administration of pe or progestin-estrogen combinations to induce withdrawal 
bleeding should not be used as a test for pregnancy. 6) Gallbladder Disease. Studies have reported an 
increased risk of surgically confirmed ag ge disease appearing after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral contraceptive users. The clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women receiving oral contraceptives. The prevalence of hypertension in oral contra- 
ceptive users may be no higher than nonusers in the first year of oral contraceptive use but increases 
with ngar ye and in the fifth year of use is two and one-half to three times the reported 
yrevalence in the first year. Women who previously had hypertension during pragrancy may be more 
ikely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. The onset 
or exacerbation of migraine or development of headache of a new pattern which is recurrent, per- 
sistent or severe, requires discontinuation of oral contraceptives and investigation of the cause. 
10) Bleeding Irregulanties. Breakthrough bleeding, spotting and amenorrhea are frequent reasons for 
pani discontinuing oral contraceptives. In breakthrough bleeding, as in all cases of irregular 
eeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or change to another formulation may 
solve the problem. Changing to an oral contraceptive with a higher estrogen content, while potentially 
useful in minimizing menstrual irregularity, should be done only if necessary since this may increase 
the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary 
amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or to 
become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting prob- 
lems should be advised of this possibility and encouraged to use other contraceptive methods. 
(1) Ectopic Pregnancy. Ectopic as well as intrauterine pregnancy may occur in cs te oia failures. 
owever, in oral contraceptive failures, the ratio of ectopic to intrauterine pregnancies is higher than in 
women not using oral contraceptives since the drugs are more efiective in preventing intrauterine 
rather than ectopic pregnancy. The higher ectopic-intrauterine ratio has been reported with both 
combination pe ucts and progestin-only oral ite toe 12) Breast-Feeding. A small fraction of 
the hormonal agents in oral contraceptives has been identified in the milk of mothers receiving these 
drugs. The long-range effect to the nursing infant cannot be determined at this time. 
Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a general rule, oral 
contraceptives should not be prescribed for longer than 1 year without another physical examination 
being performed. 2) Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may increase in size. 3) Patients with a history of psychic depression should be carefully 
observed and the drug discontinued if depression recurs to a serious degree. 4) Because oral 
contraceptives may cause some degree of fluid retention, conditions which might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, cardiac or renal insufficiency or 
asthma require careful observation. 5) Patients with a past history of jaundice during pregnancy have 
an increased risk of recurrence of jaundice while receiving oral contraceptive therapy. If jaundice 
develops in any patient geo such drugs, the medication should be discontinued. 6) Steroid 
hormones may be poorly metabolized in patients with impairec liver function and should be 
administered with caution in such patients. 7) Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is yet to be determined. 8) Serum folate levels may be depressed by oral 
contraceptive therapy. This may complicate subsequent pregnancy with regard to folate deficiency. 
9) The pathologist should be advised of oral contraceptive in y when relevant specimens are 
submitted. 10) Certain endocrine and liver function tests and blood components may be affected by 
estrogen-containing oral nt Ge an a. Increased sulfobromophthalein retention. b. Increased 
prothrombin and factors VII, VIII. IX, and X; decreased antithrombin 3; increased norephinephrine- 
induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading to increased 
circulating total thyroid hormone, as measured by protein -bound iodine (PBI), T, by column, or T, b 
radioimmunoassay. Free T} resin uptake is decreased, reflecting the elevated TBG, free T 
concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response to metyrapone 
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Distribution of CA 125 in embryonic tissues and adult 
derivatives of the fetal periderm 


Hildur Hardardottir, MD,* Tim H. Parmley II, MD, J. Gerald Quirk, Jr., MD, PhD,’ 
M. Melinda Sanders, MD,” Frank C. Miller, MD, and Timothy J. O’Brien, PhD* 


Little Rock, Arkansas 


New murine monoclonal antibodies to a partially purified CA 125 antigen were developed and identified as 
M 2 and M 11. With immunohistochemical techniques, these new antibodies and OC 125 antibody were 
used to search for CA 125 in embryonic tissues and adult apocrine sweat glands and mammary glands. 
The embryonic skin, the periderm, expressed CA 125 antigen and its adult derivatives, the mammary 
glands and apocrine sweat glands, expressed CA 125 while in the active state of secretion. In a 
6-week-old formalin-fixed and paraffin-embedded ectopic embryo specimen, antibodies M 2 and M 11 
recognized CA 125 in the periderm, the notochord, the myocardium, the pericardium, the gastroenteric 
tract, enteric duct remnants in the umbilical cord (vitelline and allantoic ducts), the mesonephric duct, and 
the amnion. OC 125 staining of these formalin-fixed specimens was either very faint or absent. In a 
formalin-fixed and paraffin-embedded specimen of apocrine sweat glands from the axilla, antibodies M 2 
and M 11 detected CA 125 antigen intracellularly in the secretory cells. Again no staining was observed 
with OC 125 antibody. In a frozen and acetone-fixed specimen of lactating mammary glands, antibodies 
M 2 and OC 125 detected CA 125 antigen intraductally. Colostrum and milk collected from 25 mothers at 
various stages post partum had mean CA 125 levels of 34,213 U/ml in colostrum, 1469 U/ml at 3 to 7 
days, and 105 U/ml at 5 to 26 weeks. (Am J OssteTt GYNECOL 1990;163:1925-31.) 


Key words: CA 125, periderm, apocrine glands, breast milk 


In 1981 Bast and colleagues' identified OC 125, a 
monoclonal antibody that recognizes the CA 125 epi- 
tope associated with a high molecular weight glycopro- 
tein antigen complex. Since then, the antigen has been 
localized immunohistochemically in many ovarian car- 
cinomas of epithelial origin with the use of OC 125 
antibody.*' It has also been found in the serum of 
women with these tumors and has been widely used as 
a tumor marker in selected cases.’ The antigen also 
has been measured in the serum of patients with en- 
dometrial,” pancreatic,’ and pulmonary carcinoma’ as 
well as in patients with pelvic inflammatory disease," 


endometriosis!''" 


and in pregnancy." In pregnancy it 
is found not only in maternal serum but also in amniotic 
fluid.'* '° With the use of immunohistochemical tech- 
niques, CA 125 has been detected intracellularly in the 
periderm and amnion of a 7-week human embryo.” 
After differentiation of the embryonic coelomic epi- 
thelium CA 125 is found in the pleura, pericardium, 
peritoneum, and in the miillerian duct derivatives: 


the corpus uteri, the cervix uteri, and the fallopian 
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tube.'” '* In the adult, some antigen expression is main- 
tained in these tissues.'* '° 

Recently we developed new murine monoclonal an- 
tibodies to a preparation that contained partially pu- 
rified CA 125 (unpublished data). With OC 125 and 
these new antibodies, M 2 and M 11, we studied im- 
munohistochemically the tissues of a formalin-fixed, 
paraffin-embedded ectopic embryo of approximately 6 
weeks’ gestational age. Adult derivatives of the fetal 
periderm and their secretory products were also eval- 
uated by both immunohistochemistry and direct im- 
munoradiometric assay. 


Material and methods 


Antibody preparation. Monoclonal antibodies to an- 
tigen containing CA 125 were produced by immunizing 
Balb/c mice with partially purified CA 125 antigen fol- 
lowed by lymphocyte fusion with a mouse myeloma cell 
line (unpublished data). Hybrids were screened for CA 
125—specific antibodies and positive cultures were 
cloned by dilution for hybridoma selection. Productive 
clones were grown in the peritoneal cavity of pristane- 
treated mice and monoclonal antibodies harvested 
from ascites. This ascites fluid was aliquotted and stored 
at — 70° C for further use. 

Tissue samples. A formalin-fixed and paraffin- 
embedded ectopic embryo specimen, apocrine sweat 
glands from the axilla, groin, and a dermoid cyst, as 
well as fetal membranes from a normal placenta at term 
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were provided by the Pathology Department at the Uni- 
versity of Arkansas for Medical Sciences. 

Sections were cut at 4 wm intervals and mounted on 
gelatin-coated slides. After deparaffinization in toluene 
(three changes, 5 minutes each) and rehydration 
through serial ethanol baths, tissue sections were per- 
meabilized with a detergent (0.05% Triton-X 100, 10 
minutes) and acid (0.2 mol/L hydrochloric acid, 20 
minutes) before endogenous peroxidase activity was 
blocked with hydrogen peroxide (0.03% in 100% meth- 
anol, 30 minutes). Secondary anubody—human antigen 
interactions were blocked with y-globulin (immuno- 
globulin G) fraction of serum from nonimmune rabbits 
(DAKO, Santa Barbara, Calif.) 30 minutes at room tem- 
perature. The sections were then incubated overnight 
at room temperature with one of the following murine 
antihuman antibodies: M 2 diluted 1 : 50, 1 : 100, and 
1: 500, M 11 diluted 1 : 100 and 1 : 500, and OC 125 
diluted 1 : 50, 1 : 100, and 1 : 500 in phosphate buffer 
solution. As a negative control, mouse ascites was sim- 
ilarly incubated on adjacent sections at the same dilu- 
tion as was the primary antibody. A subsequent 30- 
minute incubation with secondary antibody, rabbit an- 
timouse, was followed by a 30-minute incubation with 
mouse peroxidase-antiperoxidase, both at room tem- 
perature. The chromogen used to stain immunoreac- 
tive cells was 3-amino-9-ethylcarbazole. Between steps, 
the sections were washed in Tris hydrochloride saline 
solution buffer for three washings of 5 minutes each. 
The secondary antibody, the mouse peroxidase- 
antiperoxidase, and the chromogen were all supplied 
by DAKO. Tissue sections were counterstained with 
Gill’s hemotoxylin, bathed in lithium carbonate solu- 
tion, and coverslipped with warm glycerol-gelatin. 

Frozen lactating mammary gland Ussue was supplied 
by the Cooperative Human Tissue Network, Birming- 
ham, Ala. A specimen was obtained 14 hours post mor- 
tem, 3 weeks after a third-trimester abortion. Fetal 
membranes from a normal pregnancy at term were 
obtained fresh and snap-frozen in isopentane and liq- 
uid nitrogen. Sections of 4 wm were cut at — 20° C, 
fixed in acetone for 15 minutes, and then stored at 
— 70° C until processed. 

After thawing for 1 hour at room temperature, 
sections were processed in a similar manner as de- 
scribed for paraffin-embedded tissues, starting with 
permeabilization. 

Colostrum and breast milk. Breast milk was collected 
froma total of 25 healthy postpartum women according 
to a protocol approved by the Human Research Ad- 
visory Committee. Group I (n = 8) consisted of first 
milk samples only; colostrum, collected at the ume of 
delivery or up to 3 days post partum. Group II (n = 7) 


December 1990 
Am ] Obstet Gynecol 


consisted of samples collected 3 to 7 days post partum. 
Group III (n = 10) samples were collected 5 to 25 
weeks post partum. The milk was centrifuged at 2000 
rpm for 20 minutes and fat was removed prior to stor- 
age (— 70° C). CA 125 levels were determined with stan- 
dard test kits (supplied by Centocor, Malvern, Pa.). Pro- 
tein concentrations were determined according to the 
method of Bradford” with reagents (from Biorad Inc., 
Richmond, Calif.). 


Results 


In the embryo (approximately 6 weeks’ gestation) CA 
125 antigen was detected by antibodies M 2 and M 11 
in the periderm and the amnion (Fig. 1). In formalin- 
fixed sections CA 125 antigen was not detected by the 
OC 125 antibody. Nanbu et al.” previously described 
CA 125 in these tissues in a 7-week-old embryo with 
the use of OC 125 antibody and frozen sections. In- 
asmuch as formalin-fixation per se may be destructive 
or cause masking of some epitopes, we compared stain- 
ing in frozen and formalin-fixed sections of term am- 
nionic membranes. In frozen sections, OC 125, M 2, 
and M 11 all stained the amnion. However, formalin 
fixation and paraffin embedding of this tissue resulted 
in a marked decrease in the intensity of staining by OC 
125, whereas staining intensity produced by antibodies 
M 2 and M 11 was much less affected (Fig. 1). 

In sections of formalin-fixed embryonic tissue, CA 
125 antigen is distinctly localized intracellularly in the 
notochord, enteric duct remnants (vitelline and allan- 
toic ducts), umbilical cord, myocardium, and pericar- 
dium by M 2 and M 11 antibodies ( Fig. 2). Extracellular 
localization of the antigen was detected surrounding 
the mesonephric duct (wolffian duct), the upper gas- 
trointestinal tract, and possibly on the surface of the 
trophoblast by M 2 and M 11 antibodies (Fig. 2). OC 
125 poorly stained or did not stain these tissues. 

In the adult, CA 125 antigen was detected in peri- 
dermal derivatives: the apocrine sweat glands and the 
mammary glands. In formalin-fixed sections of apo- 
crine sweat glands from the axilla, CA 125 antigen is 
detected intracellularly by antibodies M 2 and M 11, 
but not by OC 125 (Fig. 3). In frozen sections of lac- 
tating mammary glands (provided by the Cooperative 
Human Tissue Network), antigen was detected by OC 
125 and M 2 antibodies intraductally (Fig. 4). Consid- 
ering the intraductal location of antigen in lactating 
mammary glands, as opposed to its intracellular local- 
ization in the apocrine sweat glands, CA 125 might be 
anticipated to be present in breast milk. On assay, very 
high levels of antigen were found in colostrum (Group 
I, n = 8), ranging from 15,000 to 60,000 U/ml with a 
mean of 34,213 + 5904 U/ml. CA 125 antigen levels 
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Fig. 1. Fetal membranes from normal pregnancy at term. A, Periderm; mouse ascites control. B, 
Periderm; M 2 antibody. CA 125 antigen is localized primarily intracellularly throughout epithelial 
surface of embryo; periderm, as recognized by antibody M 2. C, Fetal membranes frozen and acetone- 
fixed; M 11 antibody. Staining is more intensely associated with cell surface. (Original magnification 
x 1000.) D, Fetal membranes formalin-fixed and paraffin-embedded; M 11 antibody. Maximal in- 
tensity of staining is seen on cell surfaces along with some less prominent intracellular staining. 
(Original magnification x 1000.) E, Fetal membranes frozen and acetone-fixed specimen; OC 125 
antibody. Intense staining of cell surfaces along with some intracellular staining is observed. (Original 
magnification X 1000.) F, Fetal membranes formalin-fixed and paraffin-embedded; OC 125 antibody. 
There is slight, but clear, staining of cell surfaces. (Original magnification x 1000.) 


in groups II and III were much lower, ranging from 
1130 to 1755 U/ml (mean, 1469 + 92 U/ml) and 28 
to 203 U/ml (mean, 105 + 16 U/ml), respectively ( Fig. 
5). Statistically significant differences in CA 125 antigen 
levels between groups I and II and between groups II 
and III (p < 0.001) were determined with the Student 
t test (Fig. 5). Mean protein levels in groups I, II, and 
III were 45, 12, and 9 mg/ml, respectively. CA 125 
specific activity (units CA 125 per milligram protein) 
ranged from 478 to 1395 in group I, 82 to 160 in group 
II, and 3 to 27 in group III (Fig. 5). 


Comment 


With the use of the newly developed antibodies M 2 
and M 11, we confirm Nanbu’s observation of CA 125 
antigen in embryonic periderm and amnion. Colocal- 
ization of these new monoclonal antibodies with OC 


125 in various tissues, support the notion that the new 
antibodies recognize epitopes that are closely associated 
with those recognized by OC 125. Whereas the antigen 
recognized by OC 125 has not been completely de- 
scribed, it is generally considered to be a high molecular 
weight glycoprotein (>200,000 daltons).*° The config- 
uration of the immunoradiometric assay used to mea- 
sure CA 125 (Centocor, Malvern, Pa.) with single mono- 
clonal antibody (OC 125) in a sandwich assay, implies 
that the CA 125 molecule contains more than one ep- 
itope for antibody binding. Independent data using 
immunoprecipitation and western blotting indicate that 
the epitopes recognized by OC 125, M 2, and M 11 
reside on a common molecular species of approxi- 
mately 250,000 daltons (unpublished data). 

Because antibodies M 2 and M 11, but not always OC 
125, detected antigen in the embryonic periderm and 
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Fig. 2. Embryo, gestational age approximately 6 weeks, formalin-fixed and paraffin embedded. A, 
Human embryo, approximately 6 weeks old in hemisection, illustrating periderm, notochord, en- 
dodermal canal, pericardium, and liver. B, Human embryo, approximately 6 weeks old. a, Neural 
tube; b, notochord; c, pharynx; d, myocardium; e, liver. C, Umbilical cord; with enteric duct remnants 
(vitelline duct and allantoic-duct) both showing immunoreactivity intracellularly when exposed to 
M 2 and M 11 antibodies. Also illustrated is amnion with prominent staining. (Original magnification 
x 100.) D, Enteric duct remnant in umbilical cord at increased magnification, illustrating clearly 
intracellular distribution of antigen. (Original magnification x 1000.) E, Notochord, cut tangentially, 
reacts with both M 2 and M 11 antibodies. Staining produced is evenly distributed intracellularly. 
(Original magnification X 1000.) F, Myocardium, ventriculus to left and atrium to right. Staining is 
produced by M 2 and M 11 antibodies inside myocardial cells and in pericardium (bottom right). 
(Original magnification X 400.) G, Mesonephric duct. Epitopes recognized by M2 and M 11 anti- 
bodies are localized on cell surfaces, encircling this structure, along with some less prominent lo- 
calization intraluminally. (Original magnification X 1000.) H, Fragment of trophoblastic tissue shows 
reactivity to both M2 and M 11 antibodies. Apparently staining is localized intracellularly and 
extracellularly. (Original magnification X 1000.) 


amnion in formalin-fixed and paraffin-embedded sec- 
tions, we speculate that epitopes recognized by OC 125 
were either masked or damaged by the formalin- 
fixative or damaged by the hot paraffin (60° C) in rou- 
tinely processed specimens. Accordingly, we divided 
the term amnion in two parts and processed one as a 


frozen specimen and the other routinely in formalin 
and paraffin. Although OC 125 antibody does detect 
the antigen in formalin-fixed term amnion in which the 
antigen is abundantly present, it is strikingly less prom- 
inent than when the tissue is frozen. The intensity of 
Staining obtainéd by M 2 and M 11 was much less af- 
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APOCRINE SWEATGLANDS 


Fig. 3. Normal adult apocrine sweat glands from axilla, formalin-fixed and paraffin-embedded tissue 
sections. A, CA 125 antigen is detected intracellularly in secretory epithelium of apocrine sweat 
glands by M 2 antibody. (Original magnification x 400.) B, Apocrine sweat glands at higher mag- 
nification show same pattern produced by M 11 antibody. (Original magnification X 1000.) C, Apo- 
crine sweat glands; mouse ascites control. (Original magnification x 400.) 





Fig. 4. Normal lactating mammary glands, frozen and acetone-fixed tissue sections. (Original mag- 
nification X 1000.) A, Lactating mammary glands; M 2 antibody. In lactating breast CA 125 antigen 
is detected in secretory product intraductally by M 2 antibody, but not intracellularly in epithelial 
cells. B, Lactating mammary glands; OC 125. OC 125 antibody produces similar staining pattern 
as M 2 antibody. C, Lactating mammary glands; mouse ascites control. 


fected by formalin fixation and paraffin embedding. 
We conclude that the epitopes recognized by M 2 and 
M 11 are less subject to loss when the tissue is formalin 
fixed and paraffin embedded, compared with the ep- 
itopes recognized by OC 125. When CA 125 antigen is 
found in abundance in tissues the method of processing 
is not critical; however, when antigen is present in rel- 
atively low abundance, as may be the case in early em- 


bryonic development, processing of the specimen may 
be of significant importance. 

Our results show a widespread distribution of CA 
125 antigen in tissues that arise from all three embry- 
onic germ layers. CA 125 was detected from the ecto- 
derm in the periderm, mammary glands, and apocrine 
sweat glands; CA 125 was detected from the mesoderm 
in the myocardium and the mesonephric duct; and CA 
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Fig. 5. CA 125 and protein levels in colostrum and breast milk. A, CA 125 levels and specific activity 


(units per milligram protein) in colostrum and breast milk at 0 to 3 days, 3 to 7 days and 5 to 26 
weeks after parturition. B, Protein levels in colostrum and breast milk. 


125 was detected from the endoderm in the enteric 
ducts (vitelline and allantoic ducts) and the gastroin- 
testinal tract. Such a wide distribution of the antigen 
in developing Ussues indicates an important role for 
CA 125 during early embryonic development and may 
ultimately help us to understand why it is produced by 
various malignancies later in life. 

The observation of CA 125 on embryonic surfaces 
(i.e., the periderm, the amnion, the enteric duct rem- 
nants, the gastrointestinal tract, and the mesonephric 
duct) led us to speculate a potential role for this mol- 
ecule in the prevention of cell-to-cell adhesion (i.e., pre- 
vention of collapse or closure of these structures). In 
the adult, the antigen is found on the surface of cells 
that line the pericardium, pleura, and peritoneum sug- 
gesting that CA 125 antigen may serve the same role 
in these organs during adult life. 

Hanisch et al.*' described CA 125 in a single sample 
of breast milk collected 4 days post partum. In this 
study, CA 125 was measured in colostrum and milk at 
various stages of lactation. High concentrations of CA 
125 were found in colostrum and early milk, declining 
rapidly during the first week of lactation and reaching 
a steady level in mature milk. Colostrum is known to 
have some antiinfective properties and protect the off- 
spring from various infections, especially gastrointes- 
tinal infections. This property is attributed mainly to 
the presence of secretory immunoglobulin A, which is 
the main protein in colostrum,” but also to other sub- 
stances such as lysozyme, lactoferrin, and lactoperoxi- 
dase. Secretory immunoglobulin A is found in high 
concentrations in early milk, as described by Mc- 
Clelland et al.” and then falls rapidly to a low but con- 
stant level in a fashion similar to CA 125. Whether this 
association has a clinical significance or whether CA 125 


contributes to the anuinfective properties of colostrum 
is unknown. 

The presence of CA 125 antigen in apocrine glands 
raises the question of its role in the secretory process 
per se. Glands with an apocrine mode of secretion, 
which are known to express CA 125 antigen, include 
endometrial glands,'® bronchoalveolar glands,'* mam- 
mary glands, and apocrine sweat glands. Other glands 
(l.e., eccrine sweat glands), which are the same embry- 
onic origin as apocrine sweat glands (ectodermal), do 
not express CA 125 antigen. This could imply a dif- 
ferent function of these sweat glands or be related to 
different secretory processes. 

The expression of CA 125 antigen in the early de- 
veloping embryo and in the secretory products of apo- 
crine glands suggests a broad developmental or biologic 
function that remains to be elucidated. Cloning of the 
CA 125 gene and structural analysis of the gene product 
may provide further insight into the biology of this 


antigen. 
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Tissue Procurement, University of Alabama at Bir- 
mingham. 
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Comparison of norethindrone and medroxyprogesterone acetate 
with natural progesterone and estradiol in stimulating prolactin 


production from cultured endometrial stromal cells 


Jay H. Levin, MD, Sharon A. Tonetta, PhD, and Rogerio A. Lobo, MD 
Los Angeles, California 


Progestins stimulate prolactin production from endometrial stromal cells in culture. We compared the 
potencies of the synthetic progestins norethindrone and medroxyprogesterone acetate to natural 
progesterone in inducing stromal prolactin production. Modifications of the culture system provided an 
increase in stromal cell yield, thus permitting multiple comparisons from the treatment of cells from a 
common endometrial sample. The effects of high-dose estradiol also were evaluated in this system. The 
findings suggest relative potencies of 50:1 for medroxyprogesterone acetate and progesterone. 
Norethindrone gave intermediate and more variable responses. Estradiol potentiated prolactin production 
from only submaximal progestins doses. The differences between the progestin effects, in large measure, 


were due to differential culture growth as reflected by culture mass. Compared to controls and estradiol 
alone, all the progestins induced much greater prolactin production. Thus during decidualization, 
progestins probably promote both stromal growth and intracellular prolactin production. High-dose estradiol 
may not interfere with these events. (Am J Osstet GYNECOL 1990;163:1932-8.) 


Key words: Endometrium, stromal cells, prolactin, progestins 


Human endometrium is known to undergo dra- 
matic morphologic and functional changes after ovu- 
lation." * In vitro models have shown that prolactin 
(PRL) is produced by decidualized endometrium,’ in- 
creases with progestin stimulation,‘® and originates pri- 
marily from the stroma.** While it has been suggested 
that the synthetic progestins norethindrone and me- 
droxyprogesterone acetate may be more potent than 
natural progesterone in stimulating stromal cells,” the 
relative potencies of these progestins for stimulating 
PRL production have not been demonstrated. 

Estradiol has been shown to diminish the progestin- 
dependent stimulation of PRL production from fol- 
licular phase endometrial explants’ as well as from 
stromal cell cultures when a high dose of estrogen 
was used.'' In more recent studies using stromal cells, 
high-dose estrogen, such as achieved during controlled 
ovarian hyperstimulation, has been shown to enhance 
both medroxyprogesterone acetate’ and progesterone” 
stimulatory effects on PRL production. 

This study was designed to compare the potencies 
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of norethindrone, medroxyprogesterone acetate, and 
progesterone for inducing endometrial decidualization 
as reflected by in vitro stromal PRL production, and to 
determine whether this secretion is due to increased 
cellular production or culture growth. Further, we 
wished to evaluate the effects a high dose of estradiol 
in this model. To this end, we modified existing culture 


„11-13 


systems'™'* to increase cell yield to enable such parallel 


comparisons. 


Material and methods 


Four sets of cultures were performed from each tis- 
sue specimen obtained during the midluteal phase of 
two premenopausal, eumenorrheic women, ages 43 
and 44. The endometrium was obtained immediately 
after hysterectomy for symptomatic uterine descensus. 
The midluteal phase status was documented by men- 
strual timing and confirmed histologically by the 
method of Noyes et al." 

Stromal cells were isolated from glands by a method 
adapted from that described by previous investiga- 
tors.'''* The endometrial tissue was transported to the 
culture laboratory in refrigerated, sterile Dulbecco’s 
modified Eagle’s media (DMEM) (Gibco Laboratories, 
Grand Island, N.Y.) and minced within 30 minutes of 
removal from the uterus. Enzymatic digestion was then 
performed in a solution containing 0.1% collagenase, 
type II (Sigma Chemical Co., St. Louis), 0.1% hyaluron- 
idase, type III (Sigma), 0.1% protease, type XIV 
(Sigma), and 0.1% ethylenedinaminetetraacetic acid 
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Fig. 1. Phase-contrast photomicrograph of stromal cells in culture. 


(Sigma) for 30 minutes at 37° C with gentle stirring. 
After washing to quench the digestion process, the tis- 
sue was filtered sequentially through 75 pm and 38 pm 
sieves to obtain a highly enriched stromal cell suspen- 
sion. This procedure yields 40 to 90 x 10° viable en- 
dometrial cells per specimen, with 80% to 90% total 
viability as determined by 0.4% trypan blue exclusion 
(Sigma). 

Primary cultures were established with 10° viable cells 
per milliliter per culture well in DMEM with 10% fetal 
calf serum (Irvine Scientific, Santa Ana, Calif.), 5 
g/ml transferrin (Sigma), 10 g/ml insulin (Sigma), 
penicillin, streptomycin, and fungizone (Gibco) at 
37° Cina 95% air/5% carbon dioxide atmosphere. This 
concentration of cells resulted in efficient plating of 
purified stromal cell populations reaching confluence 
by 48 to 72 hours of culture. Purity of the cell popu- 
lation was confirmed by well-established morphologic 
criteria'”"’ (Fig. 1). 

Media were changed every 48 hours for a total of 14 
days. Steroid treatments were begun with initial plating 
and selected from the following: progesterone at doses 
of 50 and 500 ng/ml (P50 and P500); medroxypro- 
gesterone acetate at doses of 10 and 100 ng/ml (M10 
and M100); norethindrone at doses of 1, 10, and 100 
ng/ml (NI, N10, and N100); estradiol at 5 ng/ml (E); 
and each of the progestin doses in combination with 
estradiol 5 ng/ml (P50E, P500E, MIOE, MIOOE, NIE, 
NIOE, and N100E). Controls consisted of media alone 
(C). In each experiment, controls and all treatment per- 
tubations were performed in quadruplicate cultures. 
At the conclusion of the experiment, the cells were 
removed from the culture plates with a 0.1% solution 
of trypsin-ethylenediaminetetraacetic acid. 

Collected media were assayed for PRL by a modifi- 


cation of the technique of Sinha et al.'* The assay was 
performed with a 24-hour preincubation period and 
dilution of the anti-PRL antibody (AFP-2284C2 ob- 
tained from the National Institutes of Health, Be- 
thesda, Md.) to the concentration of 1:200,000. Max- 
imum binding ranged from 21% to 25%. This allowed 
an assay sensitivity of 400 pg/ml. Intraassay coefficients 
of variation were 15.4%, 7.3%, and 10.3% for the low, 
mid, and high ranges, respectively. The interassay co- 
efficients of variation were 9.7%, 9.2%, and 9.9% for 
the low, mid, and high ranges, respectively. Mean PRL 
concentrations of pools at the low, mid, and high ranges 
were 1.2, 7.8, and 29 pg/ml, respectively. Samples con- 
taining levels of PRL greater than the assay’s upper 
limit were diluted. Assay blanks generated counts con- 
sistent with <0.2 ng/ml. 

Protein content was determined for each of the cul- 
tures. After trypsinization, the cultured cells were 
washed twice and stored at — 70° C as pellets covered 
with buffered solution. The samples were then thawed 
and sonicated just before protein determination using 
the bicinchonincic acid protein assay’ (Pierce Chemical 
Company, Rockford, IIl.). 

Statistical testing included application of analysis of 
variance to test for differences between treatments and 
linear regression analysis was used to determine sig- 
nificant relationships. 


Results 


Prolactin production data (mean + SD) for each of 
the quadruplicate culture experiments are depicted in 
Tables I and II and are henceforth referred to as ex- 
periments | and 2. Values for the initial 48 hours were 
all <400 pg/ml and are not depicted. Fig. 2 depicts the 
dynamics of this system. Stimulation with the highest 
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Days of culture 


Fig. 2. PRL production curves for cells maximally stimulated with M100 compared with controls 
(C) and treatment with estradiol (E) 5 ng/ml. (By analysis of variance: asterisk, p < 0.05 vs C; double 


asterisks, p < 0.05 vs E.) 


Table I. PRL production throughout experiment | 








Day 4 Jay 8* Day 107 Day 12% 
Control 726 = 9.6 3.9 + 0.7 1.2 + 0.3 <(0).4 <().4 <().4 
P50 2.5 + 0.5 5.1 + ] 6+92 13:+ 2 25 +5 32 + 9 
M10 3.1 + 0.8 98+ 4 I5 +6 60 + 4 103 + 4 119 +6 
M100 3.5 + 0.6 11.5 24 [7 =6 T&S 137 +8 173 + 14 
P50E 2.4 + 0.6 96+ 2 19 +6 83 +5 160 + 5 166 + 18 
MIOE 2.9 + 0.5 10.5 + 3 7 & Ss ie = 2 vic? 187 + 25 
MILOOE 3.6 + 0.5 122 +5 21 = 5 88 + 4 172 = 4 199 + 14 


Values expressed as mean + SD. 
*p < 0.05, all progestin treatments > control. 
tp < 0.05, M100 and M10 > P50; and P50E > P50. 


tp < 0.05, M100 > M10 > P50; MIOE > M10; and P50E > P50. 


dose of medroxyprogesterone acetate (M100) resulted 
in exponentially increased PRL production, starting 
from day 4 to 6. Controls and estradiol alone resulted 
in only transient increases that peaked on day 6 and 
declined thereafter. The levels achieved in the controls 
and with estradiol alone were significantly lower than 
with any of the progestins. 

Experiment 1. Experiment | compared P50, M10, 
M100, P50E, MIOE, and MIOOE with controls (Table 
I). Prolactin production from control cultures peaked 
on day 6 at 3.9 + 0.7 ng/ml and thereafter declined 
to <0.4 ng/ml by day 10. The progestins P50, M10, 
and M100 exerted continued stimulation to much 
higher levels (32 + 9, 119 + 6, and 173 + 14 ng/ml) 
by day 14 (Fig. 3). Addition of estradiol to each of these 
progestins resulted in day 14 levels of 166 + 18, 
187 + 25, and 199 + 14 ng/ml for P50E, MIOE, and 
MIOOE, respectively (Fig. 3). Thus M100 stimulation 
was greater than M10 by 45% (p< 0.05), and both 


M100 and M10 were more potent than P50 by 440% 
(p < 0.05) and 272% (p < 0.05), respectively. In ad- 
dition, although estradiol potentiated both P50 (by 
419%; p< 0.05) and M10 (by 57%; p < 0.05), M100 
remained unaffected (p = NS). These dose relation- 
ships and the potentiation by estradiol both became 
apparent by day 6 and were statistically significant at 
day 10 (Table I). 

Protein content of these cultures was 360 + 25, 
$98 + 44, 367 + 32,. 513 %:20, 456 = 16, :522.+ 79, 
and 558 + 54 wg per culture for control, P50, M10, 
M100, P50E, MIOE, and MIOOE, respectively (Table 
III). Dividing PRL production by protein content ac- 
counted for some but not all the differences in PRL 
production. For M100 this ratio was greater than for 
both controls (p < 0.05) and P50 (p < 0.05) but not for 
M10 (p = NS) (Table III). Therefore when compared 
with controls and P50, M100 stimulated both greater 
culture mass and greater PRL production per mass. 
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Fig. 3. Comparison of day-14 PRL production from cultures in experiment 1. (By analysis of variance: 
asterisk, p < 0.05 vs controls [C]; double asterisks, p < 0.05 vs P50 and C; triple asterisks, p < 0.05 vs 
M10, P50, and C; all steroid stimulations significantly greater than C.) 
Table II. PRL production throughout experiment 2 
Control A a a e- 26t 1.1 12 0.2 Li £8 <().4 <0.4 
P50 5.4 £ 09 2 2 26 + 6 60 + 7 68 + 7 58 + 3 
P500 3.5 + 0.4 16+ 4 $5.£ 9 69 + 3 82° 8 72 346 
M10 4.6 + 0.5 20 + 4 39 +9 66 + 4 10.74 83 +. 15 
M100 5.4 + 0.8 on 2 9 47 + 13 81+ 8 84 + 5 91 + 14 
NI 2:9 = 0.5 g-< 5 on £9 38 £ I2 50 + 6 54 +9 
N10 3.3 + 0.4 13 3 31+ 8 56 + 8 65 + 5 76 +9 
N100 3.4 + 0.3 l6+5 34 + 8 68 + 5 64 + 2 81 + 6 
E 5.0 + 0.5 8.4 + 0.8 GI +33 1.4 + 0.2 <0.4 <0.4 
P50E $.5°+'0.2 15 +3 52.« 8 63. =. 15 iis 4 64 + 12 
P500E 1.0 + 0.3 4+] 15.+ 2 38 + 8 49 +7 45 7 
MIOE 2.5 + 0.9 10 + 6 29 + 12 56 + 9 43 Æ 15 10+ 13 
M100E 4.3 + 0.6 art 5 45.15 17 84 + 11 88 + 17 
NIE 3.5. 0.5 16 + 5 38 + 12 63 + 6 69 + 2 77 + 14 
NIOE 3.6 + 0.1 18 +2 42+ 13 68 + 4 ty 5 79 + 10 
NLOOE 3.3 + 0.6 20 + 9 35 2-14 48 +5 54 + 10 61+ 8 





Values are expressed as mean + SD. 


*p < 0.05, E > control. 
tp < 0.05, NI < N10; NIE > NI 
tp < 0.05, N1 < N10; P50 < P500; and NIE > N1. 


When compared with M10, however, M100 stimulated 


only greater increases in culture mass with equivalent 


relative PRL production. 
For control cultures this ratio was very much lower 


than for any of the progestin treatments, suggesting a 


failure to induce comparable PRL production, even 


when compared to P50, which resulted in similar final 


culture mass. However, there was a good correlation 


between protein content and day-14 PRL production 


(r = 0.79; p < 0.001). 


Experiment 2. Experiment 2 compared P50, P500, 
M10, M100, N1, N10, and N100 alone and with estra- 


diol to control and estrogen (Table I1). Production from 
controls peaked by day 6 at 2.9 + 1.1 ng/ml and there- 
after declined <0.4 ng/ml by day 10. The progestins 
P50, P500, M10, M100, N1, N10, and N100 stimulated 
much greater production of 58 + 3,72 + 10,83 + 13, 
91 + 14,54 + 9,76 + 9,and 81 + 6 ng/ml by day 14, 
respectively (Fig. 4). Addition of estradiol to each of 
these progestins resulted in day-14 levels of 64 + 12, 
45+ 7, 70% 18, 88.2037, 77°21, FOS aaa 
61 + 8 ng/ml, respectively. Estradiol alone provided 
only transient stimulation that peaked at 8.4 + 0.7 
ng/ml by day 6. This was greater than for controls 
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N10 N100 


Fig. 4. Comparison of day-14 PRL production from cultures in experiment 2. (By analysis of variance: 
asterisk, p < 0.05 vs P500, M10, M100, N10, and N100; double asterisks, p < 0.05 vs N10, N100, M10, 
M100, and P500; all progestin stimulations greater than C.) 


Table III. Protein content and day-14 PRL 
production/ protein ratios for experiment | 













Protein* 
(gl culture) 


PRL/ protein 
ratio? (ng/g) 





Control 360 + 25 <().001] 

P50 328 + 44 0.102 + 0.033 
M10 367 + 32 0.330 + 0( 9 
M100 513 + 20 0.349 + 0.025 
P50E 456 + 16 0.345 + 0.036 
MIOE 522 + 79 0.355 + 0.089 
M100E 558 + 54 0.351 + 0.05] 





Values are expressed as mean + SD. 
*p < 0.05, M100 > M10; MIOE > M10; and P50E > P50. 
tp < 0.05, M10 = M100; P50 < M10. 


(p < 0.05) but much less than for any of the progestins. 

As depicted in Fig. 4, N1 was less potent than both 
N10 (by 29%, p < 0.05) and N100 (by 33%; p < 0.05), 
but N10 was equipotent to N100. P50, which was equal 
to NI, exerted less stimulation than M10 (29%; 
p < 0.05) and M100 (36%; p < 0.05) as well as N10 and 
N100. Although not rigorously significant by analysis 
of variance, isolated / tests revealed that P500 was more 
potent than P50 (72 + 10 vs 58 + 3; p< 0.05). Ad- 
ditionally, P500 stimulation equaled that of M10, N10, 
and N100. 

When added to the progestins, estradiol significantly 
potentiated only N1 (77 + 15 vs 54 + 9; p < 0.05). Es- 
tradiol had no such dramatic effect on the other pro- 
gestin doses. Although MIOE and N100E had slightly 
lower production than M10 and N100, these differ- 
ences were not significant (p = NS). P500E exerted less 
stimulation than P500 (p < 0.05), but appeared to be 


Table IV. Protein content and day-14 PRL 
production/ protein ratio for experiment 2 










PRL/ protein 
ratio? (ng/ pg) 






Control <(0).004 

P50 130 + 12 0.449 + 0.045 
P500 159 +9 0.454 + 0.071 
M10 159 + 25 0.535 + 0.127 
M100 163 + 7 0.564 + 0.120 
N1 102 + 11 0.514 + 0.070 
N10 L25 = i 0.601 + 0.093 
N100 148 + 22 0.568 + 0.073 
I itp 29 <0.004 

P50E 178 = 23 0.374 = 0.109 
P500E 148 + 30 0.286 + 0.029 
MIOE 173 Æ 15 0.400 + 0.050 
M100E 77-2 i 0.503 + 0.117 
NIE 165 = 12 0.464 + 0.084 
NIOE 178 + 10 0.447 + 0.065 
NLOOE 150 + 9 0.406 + 0.033 


Values are expressed as mean + SD. 

*p < 0.05, control, E, and N1 <all other treatments; 
NIE>NI. 

tp < 0.05, control and E < < other treatments. 


an aberrant, isolated observation. The other progestins 
of equal or greater potency were not affected nega- 
tively. Prolactin production for P500E already had 
fallen by day 4, which was before any differential stim- 
ulation should have been manifest in this model (Ta- 
ble II). 

The protein content of these cultures are listed in 
Table IV. For the progestin treatments, differences in 
PRL production were paralleled by the differences in 
culture mass. The addition of estradiol potentiated 
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growth only for the least potent progestin doses, P50 
(p < 0.05), N1 (p< 0.05), and N10 (p< 0.05). The 
protein content correlated well with day-14 PRL pro- 
duction (r < 0.58; p < 0.001), and further normalizing 
PRL production to culture mass diminished the ap- 
parent differences in progestin responses. However, 
differential culture mass again could not explain the 
very large differences in PRL production between the 
progestins and controls or estrogen. 


Comment 


Endometrial stromal PRL production, which serves 
as a marker of decidualization, responds to progestin 
stimulation in a dose-dependent manner.” Tseng et al. 
reported relative potencies of 135:90:70 for medroxy- 
progesterone acetate : norethindrone: progesterone in 
the stimulation of aromatase activity from luteal 
stromal cells cultured for 3 days. Other comparisons of 
progestin potencies rely upon results obtained from 
cultures of different tissue specimens. We wished to 
assess the progestin potencies for stimulating produc- 
tion of PRL in a system designed to compare differ- 
ential responses of cells obtained from a common tissue. 

This study confirmed the dose-response nature 
of the progestin stimulation of stromal cells and has 
established relative potencies for norethindrone and 
medroxyprogesterone acetate compared with proges- 
terone in stimulating stromal PRL production. Our 
findings suggest that norethindrone and medroxypro- 
gesterone acetate are equipotent at a dose of 10 ng/ml, 
but that medroxyprogesterone acetate (and not nor- 
ethindrone) exerts a greater stimulation at a higher 
dose (100 ng/ml). Both of the synthetic progestins at 10 
ng/ml resulted in stimulation statistically indistinguish- 
able from natural progresterone at 500 ng/ml. Thus 
the relative potency ratio for medroxyprogesterone ac- 
etate: progesterone is suggested to be 50:1, with more 
variable potency responses occurring with norethin- 
drone (5- to 50-fold greater) compared to proges- 
terone. 

Although estrogens may increase endometrial pro- 
gesterone receptors in vitro™ and in vivo,” the role of 
luteal estrogens in the regulation of stromal prolactin 
production remains less clear. Previous work has sug- 
gested that depending on the dose used in culture, 
estrogens alone may stimulate,” '' have no effect,” '' or 
inhibit slightly'' this stromal function. When combined 
with progestins, estradiol has been shown to exert neg- 
ative,” neutral,° or positive®* ° effects. 

This study has shown that estradiol at 5 ng/ml may 
stimulate low levels of stromal PRL production, but that 
this effect is transient. Furthermore, while estradiol 
may potentiate the progestins, this effect was limited 
to the lower progestin doses. While both P50 and N1 
stimulation may be enhanced by estradiol, M100 was 
not. Results from the progestin doses of intermediate 
potency (P500, M10, N10, and N100) were more vari- 
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able. In one case M10 was potentiated by estradiol, 
whereas in other cultures none of the intermediate pro- 
gestins were enhanced. This suggests that high levels 
of luteal estrogens may influence endometrial deci- 
dualization but that this may occur only during sub- 
maximal progestin stimulation. 

In this model plating equal numbers of cells to each 
culture served to normalize the system. Therefore the 
relative protein content reflected differences in culture 
“growth,” which may have been from cell proliferation, 
cell enlargement, or deposition of extracellular matrix. 
That the “growth” trends paralleled PRL production 
differences suggests that for the different progestin 
stimulations much of the differential secretory activity 
was linked to the differences in culture mass. However, 
in control and estrogen only cultures, the ratios of peak 
PRL production/ protein content were far less than for 
any of the progestin treatments. Thus, the dramatic 
stimulation by progestins compared to control and es- 
trogen most probably resulted from induction of cel- 
lular PRL production capability and not from the rel- 
atively smaller differences in “growth.” 

In conclusion, we have established relative potencies 
for progestin stimulation of endometrial stromal PRL 
production. This appears to be dependent on both cul- 
ture “growth” and induction of PRL synthesis. Estradiol 
alone has little effect, but may actually enhance both 
of these aspects of culture dynamics under conditions 
of submaximal progestin stimulation. 
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A rabbit model for bacteria-induced preterm pregnancy loss 


Raymond A. Dombroski, MD, Donna S. Woodard, PhD, Michael J. K. Harper, PhD, and 


Ronald S. Gibbs, MD* 


San Antonio, Texas 


Bacterial infection has been implicated in premature labor in humans. To elucidate mechanisms and 
potential intervention strategies, we sought to develop a model of infection-induced pregnancy loss in 
rabbits. On day 21 (70% of gestation), each uterine horn was inoculated hysteroscopically with 0.2 ml 
containing saline solution or 10° cfu Escherichia coli or Bacteroides bivius or Fusobacterium 
necrophorum. Fetal viability was assessed. Animals were sacrificed at various times or as delivery 
occurred. Serum progesterone and amniotic fluid prostaglandins were measured. Cultures and histologic 
sections were prepared. Compared with the saline solution group, E. coli and F. necrophorum—inoculated 
rabits were significantly more likely to deliver (16 of 16 and six of seven with mean times of 31.9 + 10.7 
and 28.3 + 11.5 hours, respectively for E. coli and F. necrophorum). Positive amniotic fluid cultures for 
the E. coli group were found in 11 of 12 (92%) and for the F. necrophorum group in three of three cases 
(100%). Histologic inflammation was seen heavily in both the E. coli and F. necrophorum groups, whereas 
it was absent in the saline solution group. Inoculation with B. bivius led to a much lower pregnancy loss 
rate (eight of 32) and less histologic inflammation despite positive uterine cultures in most animals. This 
model may provide an opportunity to determine mechanisms of clinical or subclinical intraamniotic infection 
and to test intervention strategies. (AM J OBsTET GYNECOL 1990;163:1938-43.) 


Key words: Premature labor, infection, rabbit, hysteroscopy, histology 


Considerable data suggest that bacterial infection 
may be a cause of preterm birth. Histologic chorioam- 
nionitis and positive membrane cultures are more com- 
mon after preterm birth,’ and various bacteria and 
their products have been found in the amniotic fluid 
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of women with preterm labor.* * Bacterial lipopolysac- 
charides, moreover, are capable of stimulating the pro- 
duction of prostaglandins, platelet-activating factors, 
and cytokines in intrauterine and other tissues." * 

Systemic administration, including intravenous and 
intraperitoneal routes, of bacterial endotoxin to preg- 
nant animals has been shown to precipitate pregnancy 
loss in several species.°* In a rabbit model we tested the 
hypothesis that intrauterine bacterial infection causes 
preterm pregnancy loss. The methods reported rep- 
resent a novel approach to the study of infection- 
induced preterm birth. 
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Fig. 1. Schematic representation of experimental inoculation of uterine horns. 


Material and methods 

Virgin Cambridge-New Zealand White Cross rabbits 
(weight >3 kg) were obtained from a local vendor (Penn 
Acres Ranch, Wimberly, Tex.). The animals were 
housed in the animal facility with a 12-hour-day/12- 
hour-night cycle and provided water as desired and 
feed (170 gm of rabbit pellets per day). After accli- 
matization for a minimum of 2 weeks, artificial insem- 
ination, followed immediately by an intravenous injec- 
tion of 50 IU human chorionic gonadotropin, was per- 
formed. At this facility, these methods result in a 
pregnancy rate of 95%. 

On day 21 of gestation (normal gestational length, 
33 to 34 days), does were anesthetized with an in- 
tramuscular injection of a mixture of ketamine- 
promethazine-xylazine (0.5 ml/kg). After vaginal prep- 
aration with a povidone-iodine solution, a Storz 27020B 
hysteroscope (provided by Storz Instrument, St. Louis) 
was introduced into the vagina and the cervices were 
visualized. Through the operating port, a 0.06-inch 
outside diameter polyethylene cannula was introduced 
transcervically into each horn of the uterine cavity a 
minimum of 6 cm (Fig. 1). The same injection of either 
a bacterial inoculum (see below) or pyrogen-free saline 
solution (0.2 ml) was then made into each horn. 

Bacterial inocula were prepared for the following: 
Escherichia coli ATCC 12014, Bacteroides bivius ATCC 
29303, and Fusobacterium necrophorum ATCC 25286. For 
preparation of the E. coli inoculum, a tube of thiogly- 
collate medium was inoculated aerobically and grown 
for 6 to 8 hours before concentration and washing. 
B. bivius and F. necrophorum were grown in chopped 
meat broth for 12 to 16 hours. These latter cultures 
were maintained and washed under strict anaerobic 
conditions. For each organism, media were removed 


by centrifugation and the bacterial pellet was washed 
(by resuspension and recentrifugation) three times in 
phosphate-buffered saline solution before final sus- 
pension in an appropriate volume of buffer to yield 
10’ to 10° cfu/ml. Because the volume of the inoculum 
was 0.2 ml, each horn was injected with approximately 
10° to 10’ cfu. Final suspensions were plated semi- 
quantitatively before inoculation in each case to confirm 
colony count. Finally, a remaining aliquot was plated 
to check for viability after the l- to 2-hour interval 
required for inoculation. 

Ina pilot experiment with Æ. coli to evaluate inoculum 
size, no difference was observed between inocula of 10° 
to 10' and 10’ to 10° cfu per horn. 

After inoculation animals were observed for signs of 
sepsis and delivery. Animals were killed by an intra- 
venous injection of 5 ml pentobarbital sodium when 
delivery was recognized or after 7 days. Rectal tem- 
peratures were taken at the time of operation, 24 hours 
later, and when put to death. 

When animals were put to death, blood, peritoneal 
fluid, chorioallantoic-amniotic fluid (when available), 
and decidua were cultured aerobically and anaerobi- 
cally on 5% sheep blood agar, chopped meat broth, and 
thioglycollate broth. Gram stains of amniotic fluid, peri- 
toneal fluid, and decidua were prepared. The viability 
of fetuses remaining in utero was noted. A blood sam- 
ple was obtained for progesterone determination, 
which was performed in a routine radioimmunoassay.’ 
Amniotic fluid was obtained for measurements of pros- 
taglandins F, and E,. The prostaglandins were mea- 
sured by the radioimmunoassay procedure described 
by Harper et al.'' and modified by Jones et al.'* without 
prior extraction. The antibodies were obtained from 
Advanced Magnetics Inc. (Cambridge, Mass.). The in- 





a ee SS ere eee ee a ee 


= wa he u 


ee eae oo 


1940 Dombroski et al. 


December 1990 
Am J Obstet Gynecol 





Fig. 2. Representative histologic section of placental zone of separation from Æ. coli—inoculated 
animal when put to death shows heavy infiltrate of polymorphonuclear leukocytes. (Hematoxylin 


and eosin. Original magnification X 40.) 


Table I. Pregnancy outcomes by intrauterine inoculum 










Inoculum 


Saline solution 9 2 0 
E. coli 16 16* () 
F. necrophorum 7 6t 3 
B. bivius 32 8 0 


Died (No.) 










Purulent exudate 
in utero (No.) 


No. with live 
fetuses 


Time to delivery 
(hr, mean + SD) 





134 + 19.8 7 2 
31.9 + 10.77 0) 7 
20.0 = 34,57 0 l 
90.5 + 39.5 28 10 





*p < 0.0001, compared with number delivered in saline solution group. 


+p < 0.05 for E. coli and F. necrophorum groups compared with saline solution group for mean time to delivery, by Newman- 


Keuls method. 


tp < 0.05, compared with number delivered in saline solution group. 


terassay and intraassay coefficients of variations were, 
7% and 8.7%, respectively, for prostaglandin F and 
11.5% and 8.8% for prostaglandin E. Indomethacin (10 
ug/ml) was added to sample tubes before collection. 
Prostaglandins were not extracted before assay because 
pilot work demonstrated no difference between values 
with and without extraction. A portion of the uterine 
horn containing a placenta was fixed in 10% neutral 
buffered formalin for histologic examination. 

Histologic descriptions used standard terms.'* '' Cat- 
egoric data were analyzed by uncorrected x” or Fisher’s 
exact test. Interval and ratio measurements were com- 
pared by one-way analysis of variance and Newman- 
Keuls multiple comparisons or Student's ¢ statistic when 
appropriate. All tests were two-tailed and for indepen- 
dent samples. When assumptions were not met, equiv- 
alent nonparametric statistics (Kruskall-Wallis analysis 
of variance, Mann-Whitney U) were used. Statistical 
analyses were performed on an IBM PC with the True 
Epistat program. 


Results 


When put to death, five animals (7.2%) were found 
to have had inadvertent perforation of the uterus and 
were excluded from further analysis (saline solution 
group, one animal; B. bivius, three, E. coli, none, 
F. necrophorum, one). Pregnancy outcomes are shown 
in Table I. Additional pertinent observations were 
noted. In the two animals delivered in the saline so- 
lution group, both also had several dead fetuses re- 
maining in utero. Both also contained bloody amniotic 
fluid and grossly purulent uterine contents. In the re- 
maining seven rabbits, all undelivered fetuses were 
alive; there was no purulence. 

In the F. necrophorum group, abruptio placentae was 
noted in three animals with dead fetuses remaining 
in utero. Uterine horns and placentas appeared pale 
in all seven rabbits in this group. 

In the B. bivius group, eight animals had delivery of 
one or more pups (Table I). Of these, six had one or 
more live pups remaining in utero when put to death, 
but two of the six also contained dead fetuses. 
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Table II. Development of fever* by intrauterine inoculum 


No. of animais with fever 


When put to death At 24 hr 


Group At 24 hr 
Saline solutian 0 (n = 9) 0 
E. coli 6 (n = 12) 6 
F. necrophorum 2 (n = 6) 2 
B. bivius | (n = 32) 5 


p (vs saline solution) 


When put to death 


(n = 9) 

(n = 10) 0.02 0.01 
(n = 4) 0.14 0.08 
(n = 32) 0.78 0.27 


Fever was defined as rectal temperature =104.00° F; see text. Numbers in parentheses represent total number of animals at 


this time. 


Table III. Culture results by intrauterine inoculum 


Positive 


Group n 
Saline solution 9 l 11 
E. coli 12 1l 92 
F. necrophorum 3 3 100 
B. þivius 30 10 33 


Culture site 
Decidua 
g l 1] 9 2 22 
12 9 75 Not done 
4 Q 0 4 4 100 
$2 0 0 29 23 79 


No. positive is the number of animals that were culture positive for the organisms inoculated. In the saline solution group one 
- grew enterococci at all three sites and one grew enterococci in decidua only. Both of these animals delivered offspring. 


When overall mean temperatures at 24 hours and 
when put to death were compared with those at time 
of operation, we found a small but significant increase 
at these times only in the saline solution group 
(102.01° + 0.39° F at operation vs 102.42° + 0.31° at 
24 hours vs 102.61° + 0.43° F when put to death, 
p < 0.05), but not in the other groups. Although there 
was no significant temperature change overall in the 
B. bivius group, the mean temperatures were higher 
when put to death in the eight animals that deliv- 
ered than in the 24 that did not (104.16° + 1.77° vs 
102.70° + 0.71°, respectively; p = 0.02). 

Because of wide variance in the three bacterial 
groups, we analyzed temperature changes alternatively. 
If fever in rabbits was defined as 104.00° F (i.e., mean 
of all temperatures at operation + 2 SD), analysis by 
inoculum is shown in Table IT. 

Culture results are shown in Table III. Rabbits in- 
oculated with E. col and F. necrophorum, if positive, 
cultured only the organism inoculated. In the B. bivius 
group, several animals had positive cultures for other 


organisms. Three cultured enterococci as the only or- 


ganism at any site in decidua. These do not appear in 
Table III. None of these animals delivered any off- 
spring. Three other animals had additional organisms 
isolated together with B. bivius at the same site or a 
different one. One of these grew enterococci from 
chorioallantoic-emniotic fluid, peritoneal fluid, and 
decidua alone with B. bivius in the decidua. This ani- 


Table IV. Serum progesterone level when 

animals were put to death, classified by 

intrauterine inoculum 

ie | Serum progesterone 
n 


_ Group (ng/ml, mean + SD) 


Saline solution 7 11.20 + 9.19* 
E. coli 7 5.79 + 5.42* 
F. necrophorum 4 5.99 + 1.20% 
B. bivius 25 7.91 + 3.62% 
Delivered 6 5.81 + 0.897 
Undelivered 19 8.57 + 3.91t 


*Differences between these four groups are not significant 
by Kruskall-Wallis analysis. 


{The difference between these two subgroups is (p = 0.03) 
by Mann-Whitney U test but may reflect a difference in ges- 
tational age. 


mal delivered offspring. A second animal had both 
B. bivius and enterococci in the decidua. In the third,y- 
streptococci were isolated from amniotic fluid and de- 
cidua in combination with B. bivius. Neither of these 
two animals delivered offspring. 

Progesterone levels were obtained from several an- 
imals when put to death (Table IV). Kruskall-Wallis 
analysis showed no differences between groups (saline 
solution, E. coh, F. necrophorum, or B. bivius), although- 
variances within groups were considerable. In a sepa- 
rate analysis by Mann-Whitney U test, the difference 
between the subgroups of B. bivius animals (i.e., deliv- 
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Table V. Chorioallantoic-amniotic fluid prostaglandin E, and F,, levels 


Group Prostaglandin E7 


Saline solution 5 
E. col 9 
B. orvius 13 
Delivered 4 
Undelivered 9 


Prostaglandin *,,* 
786.5 + 878 $51.3 + 322 
1951.4 + 796 2802.8 + 2120 
915.5 + 549 755.2 + 770 
1103.2 + 543 1201.7 + 1316 
832.0 + 562 556.7 + 312 


*Values for E. coli group are significantly higher as compared with the saline solution and B. bivius groups (p < 0.05} by Newman- 
Keuls multiple comparisons. Differences between delivered and undelivered subgroups of B. divius—inoculated rabbits are not 


significantly different by Mann-Whitney U test. 


ered vs undelivered) reached statistical significance 
(p = 0.03) but may reflect a difference in gestational 
age. ` 

Chorioallantoic-amniotic fluid prostaglandin levels 
when put to death are shown in Table V. The levels 
of both prostaglandins were significantly elevated in 
E. coli~treated animals compared with all other groups. 
The differences observed between delivered and un- 
delivered B. bivius animals were not significant. Again, 
variances are great and sample sizes are small. 

The histologic findings varied considerably by inoc- 
ulating organism. Saline solution—treated animals that 
remained undelivered showed no inflammatory exu- 
date in any layers. Occasionally, margination of white 
blood cells was noted in subplacental vessels. E. coli 
treated animals displayed heavy infiltration of the 
endometrium, amanion, and chorion with polymor- 
phonuclear leukocytes (Fig. 2). Scatterd foci of poly- 
morphonuclear leukocytes were found in the zone of 
separation, decidua, and subplacenta. Scattered inflam- 
matory cells were found within maternal sinuses of the 
placenta but the overall vascular anatomy of the pla- 
centa was maintained. 

Animals inoculated with F. necrophorum displayed in- 
flammation and necrosis of the endometrial glandular 
elements. Infiltration by white blood cells of the mem- 
branes was prominent, but the zone of separation and 
the subplacenta were generally spared. The most strik- 
ing findings consisted of extensive abruptio placenta 
and engorgement of maternal vascular channels with 
the placenta. 

B. bivius—treated animals showed inflammatory cells 
in all layers, although the degree of inflammation was 
less than with other inocula. The placenta was generally 
spared. 


Comment 


In these experiments we developed an animal model 
for bacterial-induced pregnancy loss. We chose hyster- 
oscopic introduction, rather than transabdominal in- 
oculation, to mimic ascending infection more closely. 
We chose E. coli because of its clinical importance 
in maternal and neonatal infection and because it 
produces large amounts of endotoxin (lipopolysaccha- 


ride). Subsequently, we chose B. bivius and F. necropho- 
rum because of their frequent isolation either in 
clinically evident intraamniotic infection in preterm 
pregnancies” or from amniotic fluid in patients in pre- 
term labor.’ 

We have demonstrated that hysteroscopic introduc- 
tion of E. coli and F. necrophorum into the rabbit uterine 
cavity at approximately 70% of gestation regularly led 
to pregnancy loss, with a mean of 30 hours. In saline 
solution—inoculated animals, bacteria, presumably 
from the lower genital tract, were occasionally intro- 
duced into the uterine cavity, which was accompanied 
by pregnancy loss. However, in the abser.ce of such 
inadvertent introduction, atraumatic, hysteroscopic in- 
troduction of saline solution did not result in pregnancy 
loss. 

With E. coli and F. necrophorum inoculetion, preg- 
nancy loss was accompanied by fever in the does, mi- 
crobiologic and histologic confirmation of infection- 
inflammation when animals were put to death, fetal 
death, and occasionally, maternal death. Because there 
was considerable variance in progesterone -evels when 
animals were put to death, we observed nc significant 
differences in mean levels by inoculation group. 

However, because serum progesterone levels may 
truly be lower in infected animals, it is tempting to 
speculate. Perhaps a rise in serum prostaglandin Fo (or 
at least in uterine vein levels) could adversely affect 
luteal function and thus decrease progesterone levels. 
In the rabbit, luteolysis probably occurs systematically 
via prostaglandin F;, in the venous drainage from the 
uterus and not, for example, via lymphatic drainage to 
the renal or iliac lymph nodes."* ” l 

Mean amniotic fluid prostaglandin levels were ele- 
vated in all groups inoculated with bacteria compared 
with the saline solution group, but because of small 
numbers and wide variance, these increases achieved 
significance only for the £E. coli group. 

A different response was observed in animals inoc- 
ulated with B. bivius, compared with the E. coli and 
F. necrophorum groups. Although the organism was 
detectable in the decidua in most animals (79%), it 
was less commonly isolated from the chorioallantoic- 
amniotic fluid (33%) and was accompanied by less his- 
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tologic inflammation. Compared with E. colt and an- 
other gram-negative anaerobe (F. necrophorum), B. bivius 
led to a milder clinical response. Overall, the clinical 
response in the B. bivius group was not dissimilar from 
the saline solution group. However, if the B. bivius 
group is compared with the noncontaminated saline 
solution controls, then B. bivtus inoculation presents a 
clinical picture reminiscent of subclinical infection— 
positive cultures, low-grade inflammation, mild mater- 
nal symptoms, occasional pregnancy loss, and absence 
of fetal death in utero. 

Depending on the organisms selected, this model 
may provide an opportunity to explore the mechanism 
of clinical intraamniotic infection or infection-induced 
premature birth. The model may be further used to 
test intervention strategies. 


We thank Barry Korinick and Patricia St. Clair for 
their technical assistance. 
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In vitro inhibition of esterase activity in amniotic fluid: 


Comparison with bacterial cultures © 


Iffath Abbasi Hoskins, MD, Joseph Katz, PhD, Faith J. Frieden, MD, 


Steven A. Ordorica, MD, and Bruce K. Young, MD 
New York, New York . 


Assessment of leukocyte esterase activity in amniotic fluid for the rapid and reliable diagnosis of 
chorioamnionitis has been demonstrated previously. We compared in vitro inhibition of esterase activity in 
amniotic fluid with bacterial cultures to identify the origins of the specific esterases released by the 
infecting organisms. One hundred forty-one samples were tested (90 uninfected, 51 infected). Each 
sample was evaluated for Gram stain, cultures, and an in vitro esterase assay followed by ebelactone 
inhibition. Forty-two patients had positive amniotic fluid cultures. Ebelactone produced varying degrees of 
inhibition of esterase activity (range, 20% td 60%) in the uninfected samples and in those infected with 
gram-negative organisms. There was no inhibition in the samples infected with gram-positive organisms. 
Thus different groups of bacteria may elicit the production of different and specific esterases in infected 
“amniotic fluid, as shown by the differences in in ne inhibition. (AM J OgsTer GYNECOL 1990;163: 


1944-7.) 


Key words: Chorioamnionitis, leukocyte esterase, inhibition, bacterial cultures ° 


Chorioamnionitis is a common diagnostic dilemma 
for the obstetrician. Rapid and accurate diagnosis poses 
the most significant problem. The clinical diagnosis is 
usually based on a constellation of symptoms that in- 
clude maternal fever, tachycardia, uterine tenderness, 
foul odor of amniotic fluid, leukocytosis, and fetal 
tachycardia. However, there is uncértainty with regard 
to accurate and early diagnosis and laboratory confir- 
mation.’ 

Because leukocytes are known to be released in re- 
sponse to infections, examination of the amniotic fluid 
for their presence may be useful in the evaluation for 
chorioamnionitis. The neutrophilic leukocytes released 
contain several esterases that are not present in serum, 
urine, or body tissues.* ° 

We have previously described the reliability of an 
in vitro spectrophotometric assay of leukocyte esterase 
activity in amniotic fluid for the prediction of chorioam- 
nionitis. In this study we compared in vitro inhibition 
of this activity with the results of bacterial cultures in 
an attempt to identify the origins of the specific ester- 
ases that are released by the infecting organisms. 


Material and methods 


Sterile specimens of amniotic fluid were obtained 
from 141 antepartum patients who had undergone 


From the Department of Obstetrics and Gynecology, New York Uni- 
versity Medical Center. 

Presented at the Thirty-seventh Annual Meeting of the Society for 
Gynecologic Investigation, St. Louis, Missouri, March 21-24, 1990. 
Reprint requests: Iffath Abbasi Hoskins, MD, Department of Obstet- 
rics and Gynecology, New York ae Medical Genter, 330 First 
Ave., Room 9N1, New York, NY 10016. 

616124775 


1944 


transabdominal amniocenteses during the second and 
third trimesters for genetic studies, rhesus isolmmu- 
nization, and fetal lung maturity studies, cr to rule out 
chorioamnionitis. All patients included in the study had 
intact membranes. Ninety samples were obtained from 
uninfected patients and 51 from women with cho- 
rioamnionitis as determined by the presence of at least 
two of the following criteria: maternal pyrexia (tem- 


` perature: >37.8° C), leukocytosis (white blood cell count 


>12,000/mm?’), uterine tenderness, and fetal tachycar- 
dia (heart rate >160 beats/min). Each sample was di- 
vided into three parts: one each for Gram stain, aerobic 
and anaerobic cultures, and the in vitro esterase activity. 
The in vitro assay was performed by adding known 
amounts of amniotic fluid (10 A) to solutions containing 
20 of a 5 pmol/L solution of p-nitrophenyl hexanoate 
in dimethyl sulfoxide and 1 ml of buffer (0.1 mol/L 
phosphate, pH 7.4). The change in optical density at 
wavelength 405 nm (AOQD,45/107*) was calculated from 
the initial slopes of the change in absorbance at 405 nm 
as a function of time. One unit of activity was defined 
as a change of 1 absorbance unit/min. Then, 10 A of a 
nonspecific esterase inhibitor ebelactone (1 mg/ ml) was 
added to each aliquot, and the OD4;/107* was again 
calculated to measure the degree of inhibition of es- 
terase activity in the sample. The results were compared 
with those obtained from amniotic fluid aerobic and 
anaerobic cultures. 

Gram. staining was performed with commercial re- 
agents (crystal violet, safranin, and Gram’s iodine; 
Difco Laboratories, Detroit) under standard conditions. 
The presence of white blood cells and microorganisms 
was noted, and a semiquantitative assessment was made 
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Table I. Results of parameters used to detect chorioamnionitis 






Gram stain 


Uninfected (n = 90) 
Second trimester (15-20 wk) l 
(n = 58) 
Third trimester (28-40 wk) 3 
(n = 32) 
Infected (n = 51) 
Second trimester (15-20 wk) 7 
(n = 19) 
Third trimester (28-38 wk) 
(n = 32) 


*Absorbance units. 
tp < 0.05. 





Cultures 


e 











Ebelactone* 
(range) 


Leukocyte esterase 
activity (range) 


58 2.8-7.0F 0.9-3.7+ 

31 3.1-6.87 1.3-3.9T 
6 17.0-18.37 9.0-17.87 
4 17.3-19.67 7.6-18.2F 


Table II. Reliability of amniotic fluid diagnostic parameters 





Sensitivity 


(%) 








Specificity Positive predictive 
(%) value (%) 







Negative predictive 
value (%) 






Second Third Second Third Second Third Second Third 
trimester trimester trimester trimester trimester trimester trimester trimester 
Gram stain 36.8 56.3 98.3 90.6 87.5 85.7 82.6 67.4 
Cultures 68.4 87.5 100 96.9 100 96.6 90.6 88.6 
after examination of 20 high-power fields. A positive Table III. Pathogens identified on amniotic 
Gram stain was defined as one containing any micro- fluid cultures 
organisms per high-power field. Uninfected Infected 
The amniotic fluid aliquots for cultures were col- Organism (n = 90) (n = 51) 
lected in plastic, capped syringes and transported to ; ie 
2 p : PP yes ; P r Aerobic gram-positive 
the laboratory immediately after collection for inocu- Group B streptococci ] 6 
lation into the culture media. Positive cultures were Enterococci 7 0 10 
defined as those containing one or more types of or- seinen sire aad i j 
ganisms in excess of 10* cfu/ml. For purposes of this o gram-negative 
study, if more than one organism was isolated on E. coli 0 2] 
culture, the predominant organism was labeled the EOUN : 9 
: jos Anaerobic gram-negative 
causative one. A positive leukocyte esterase enzyme B. fragilis 0 3 
assay was defined as a value >12 enzyme activity F. nucleatum 0 l 


units.’ 

The sensitivity, specificity, and predictive values for 
the diagnostic parameters were calculated. A x? analysis 
was performed to compare the results of the esterase 
assay and the inhibition assay between the uninfected 
and infected groups. Statistical significance was defined 
as a p value <0.05. 


Results 


The relationship between the Gram stain, cultures, 
leukocyte esterase activity, and inhibition in the unin- 
fected and infected samples is shown in Table I. There 
were 90 uninfected amniotic fluid samples; 58 were 
obtained during the second trimester. One sample 
showed gram-positive cocci on Gram stain, there were 
no positive amniotic fluid cultures, and the leukocyte 
esterase activity of all samples was within the normal 


ranges as previously defined (>12 enzyme activity 
units). Three of the 32 uninfected samples obtained in 
the third trimester had positive Gram stains (two cases 
with gram-positive cocci and one with gram-negative 
rods). One of these samples also showed a positive am- 
niotic fluid culture with organisms >10* cfu/ml (group 
B streptococcus). 

Nineteen of the 51 infected samples were obtained 
from second-trimester amniotcenteses, Of these, only 
seven had positive Gram stains (gram-positive cocci, 
three cases; gram-negative rods, three; gram-negative 


-cocci, one). All seven samples also had positive amniotic 


fluid cultures (group B streptococcus, two; Escherichia 
colt, four; Bacteroides fragilis, one). An additional six 
samples had positive amniotic fluid cultures but neg- 
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Table IV. Comparison of bacterial cultures and inhibition of leukocyte esterase activity 





Uninfected 90 
Infected 51 
Positive cultures 4] 
Aerobic gram-positive 

Group B streptococcus 6 

Enterococcus 10 
Aerobic gram-negative 

E. colt 21 
Anaerobic gram-negative 

B. fragilis 3 

F. nucleatum l 


* Absorbance units. 


ative Gram stains (group B streptococcus, two; E. coli, 
two; B. fragilis, two). Thirty-two samples were obtained 
from third-trimester amniotcenteses. Of these, 18 had 
positive results on both Gram stains and amniotic fluid 
cultures, and 10 had negative Gram stains but positive 
amniotic fluid cultures. 

Forty-five of the 51 infected samples had positive 
leukocyte esterase activity (>12 enzyme activity units). 
Two of the six fluids with negative leukocyte esterase 
activity were second-trimester samples. One of these 
also had a positive amniotic fluid culture for group B 
streptococcus. The remaining four were from third- 
trimester samples. All four had negative amniotic fluid 
cultures. 

The reliability of the diagnostic indices is shown in 
Table II. Gram stains of the amniotic fluid samples were 
not found to be highly sensitive (36.8%, second trimes- 
ter; 56.3% third trimester). This finding is similar to a 
previous study tn which we found Gram stains to be 
only 62% sensitive in third-trimester amniotic fluid 
samples.’ The specificity of the Gram stains in second- 
and third-trimester fluids was 98.3% and 90.6%, re- 
spectively. In this study the sensitivity of amniotic fluid 
cultures was only 68.4% in the second-trimester sam- 
ples and 87.5% in the third-trimester samples. 

The various organisms identified on cultures are 
shown in Table ITI. When more than one organism was 
grown from an amniotic fluid sample, the infection was 
referred to as being caused by “mixed aerobic or an- 
aerobic flora,” and those samples were eliminated from 


analysis for this study. The paucity of anaerobic isolates . 


obtained in this study may reflect bacterial fastidious- 
ness or death or the limitations of the laboratory facil- 
ities that provided the results. There was one positive 
culture in the 90 uninfected samples. This was a third- 
trimester amniotic fluid sample in which group B Strep- 
tococcus (>10* cfu/ml) was isolated. There were 41 


positive amniotic fluid cultures in the infected sam- 


ples. As seen in the table, FE. cok and enterococci were 
the two most common organisms identified in this 


Leukocyte esterase 
n actiwity* (range) 





Ebelaztone* 






(range) 
_ 2.8-7.0 0.6-1.4 
17.0-19.6 
17.2-18.6 17.1-18.3 
17.0-19.3 17.1-19.3 
_17.3-19.5 3.4-7.2 
17.0-18.3 3.1-6.8 
17.4 10.4 


group. However, if a positive culture was defined as 
one containing organisms > 10° cfu/ml, then all 51 sam- 
ples were positive. The organisms identified as >1(? 
cfu/ml were as follows: group B streptococcus, one 
case; enterococcus, one case; streptococcus, one case: 
E. coli, two cases; Enterobacteriaceae, one case; B. fra- 
gilis, four cases. 

The in vitro inhibition of the leukocyte esterase ac- 
tivity in the uninfected and infected samples with the 
nonspecific esterase inhibitor ebelactone is shown in 
Table I. The inhibition of the leukocyte esterase en- 
zyme activity units ranged from 0 to 60% in both groups 
of samples. Further analysis of the comparison between 
the types of organisms cultured and the -:nhibition of 
the enzyme activity units by ebelactone is shown in 
Table IV. There were varying degrees of inhibition 
(range, 20% to 60%) in the uninfected samples. These 
same results were also found in the samples infected 
with gram-negative organisms (E. colt, B. fragilis, Fu- 
sobacterium). However, there was no inhikition of leu- 
kocyte esterase activity (range, 17.1 to 19.3) in the sam- 
ples infected with gram-positive organisms (group B 
streptococcus, enterococci). These results were found 
to be statistically significant. The presence and ranges 
of inhibition were found to be similar in the samples 
with organisms >10? cfu/ml. 


Comment 


Despite the continuing seriousness of acute cho- 
rioamnionitis, which produces major mortidity in both 
mother and neonate, no optimal diagnostic findings 
currently exist. All attempts to improve cur ability to 
diagnose this entity have been unsuccessful to date. 

We previously reported on the reliability of measur- 
ing leukocyte esterase activity by a simple nonquanti- 
tative dipstick assay to diagnose intraamniatic infection 
in term and preterm gestations.”° Becaus= the results 
of the dipstick assay, like those of the aerobic and an- 
aerobic cultures, can sometimes be misleading or equiv- 
ocal we suggested the use of an in vitro spectropho- 
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tometric assay of esterase activity to eliminate some con- 
fusion.* This assay is rapid (<10 minutes) and simple 
to perform. It requires only a spectrophotometer and 
the determination of change in absorbance after the 
addition of substrate and inhibitor, both of which are 
easily available. | 

At present, even if clinical chorioamnionitis is reliably 
diagnosed, most standard protocols call for empiric 
choices of broad-spectrum antibiotics for immediate 
therapy. These choices are often based on preexisting 
theoretic knowledge of the pathogens that can cause 
such infections and not on the identification of specific 
organisms from the patient. This latter information is 
usually obtamed much later (24 to 48 hours) when cul- 
ture results are available. The results of our preliminary 
study suggest that the different bacteria that cause cho- 
rioamnionitis may elicit the production of different and 
specific esterases in infected amniotic fluid as shown by 
the differences in the in vitro inhibition of this activity 
by ebelactone. Thus it may be possible to identify the 
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causative organisms in chorioamnionitis by measuring 
the absence, presence, and degree of in vitro leukocyte 
esterase inhibition by ebelactone. This would allow the 
formulation of timely and directed management de- 
cisions even before culture results are available. 
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Smoking and the antioxidant ascorbic acid: Plasma, leukocyte, 
and cervicovaginal cell concentrations in normal 
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The influence of cigarette smoking on the plasma, leukocyte, and cervicovaginal cell ascorbic acid levels in 
46 healthy smokers and healthy nonsmokers was investigated. Coded peripheral venous blood and 
cervicovaginal lavage specimens obtained after informed consent were analyzed simultaneously for their 
ascorbic acid content. The findings suggest that smoking affects the levels and distribution of ascorbic 
acid. In smokers (n = 16), the number of exfoliated cervicovaginal epithelial cells and leukocyte ascorbic 
acid levels was significantly higher (p < 0.01, p < 0.05, respectively) compared with nonsmokers 

(n = 30). In addition, cervicovaginal cell ascorbic acid, plasma reduced and total ascorbic acid levels were 
significantly lower (p < 0.001, p < 0.01, p < 0.01, respectively). The exfoliated epithelial cell ascorbic acid 
levels in nonsmokers was fourfold greater than that of leukocytes. The implications of these findings within 
the context of free radical—induced cellular pertubations in smokers are discussed. (AM J OBSTET GYNECOL 


1990;163:1948-52,) 


Key words: Cigarette smoking, vitamin C, lavage technique, cell count, reduced ascorbic 


acid, total ascorbic acid, cervix cancer risk factors 


The hypothesis that cigarette smoking is a causative 
factor in the development of cervical cancer has been 
evaluated by numerous investigators in case-control 
and cohort studies.’* Epidemiologic studies suggest 
smoking to be an independent risk factor. The associ- 
ation between smoking and cancer of the cervix is seen 
to persist even after controlling for other known risk 
factors (e.g., multiple sexual partners, early age at first 
intercourse, or socioeconomic status).> Studies focused 
on the constituents of tobacco and its principal metab- 
olites report that tobacco smoke contains mutagens and 
carcinogens and generates free radicals. These carci- 
nogenic products are thought by some to act as initi- 
ators or promoters of the carcinogenic process.** Other 
studies revealed increases in mutagenic substances in 
cervical mucus of healthy women who are smokers.* !° 
Although the deleterious effects of smoking are rec- 
ognized and smoking is considered a risk factor for 
the development of cervical cancer,'”' the mechanism(s) 
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whereby smoking exerts its carcinogenic effect(s) still 
remains obscure. 

We have been investigating the role of nutrition in 
the pathogenesis of cervical cancer. A focus of our stud- 
ies has been to delineate objective indices as a “risk 
profile” specifically correlated with cervical precancer 
states." We previously determined the effect of smok- 
ing on the plasma levels of various nutrients in normal 
healthy women: '* and those with cancer of the cer- 
vix.'*"* The effects of smoking and human papillo- 
mavirus on plasma ascorbic acid and B-carotene lev- 
els in women with abnormal Papanicolaou smears 
were examined.” The findings of this investigation fo- 
cus attention on a number of significant interactions 
triggered by cigarette smoking in apparently normal 
healthy women. Significant alterations in toth the con- 
centrations and distribution of plasma, leukocyte, and 
cervicovaginal cell ascorbic acid levels were noted in 
smokers. 


Material and methods 


Subject recruitment. Normal healthy wcmen who at- 
tended the Women’s Health Center of the Bronx Mu- 
nicipal Hospital Center in New York City for routine 
visits between August 1988 and March 1990 were asked 
to participate in the study. The study protocol was 
approved by the institutional review board. Forty-six 
women with two consecutive negative Papanicolaou 
smears who had normal regular menstrual cycles of ap- 
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proximately 28 days, had no known gynecologic disor- 
ders, and were not using oral contraceptives or vita- 
min supplements were enrolled into the study. Sub- 
jects were not menstruating on the day samples were 
obtained. Peripheral venous blood and cervicovag- 
inal lavage samples, collected by described methods,” 
were obtained from each participant with informed 
consent. Coded samples were transported to the lab- 
oratory promptly for ascorbic acid analyses. A self- 
administered study questionnaire including questions 
regarding age, parity, date of last menstrual period, 
contraceptive practices, and smoking history (the num- 
ber of cigarettes smoked per day and years of smoking) 
was recorded. No dietary restrictions were imposed. 
However, on the morning samples were obtained the 
breakfast intake before the clinic visit was noted. 

Analyses of ascorbic acid. Blood samples were col- 
lected in heparinized tubes. Plasma, leukocyte, and cer- 
vicovaginal cell ascorbic acid levels were determined 
promptly the same day the samples were collected 
without knowledge of the women’s smoking or di- 
etary status. Plasma was separated by centrifugation. 
Equal amounts of 0.9% sodium chloride were added 
to each tube and the leukocytes were removed by Ficoll 
method." The total Ficoll layer was collected and cen- 
trifuged to obtain the leukocyte pellet. A known volume 
of the cervicovaginal lavage specimen was centrifuged 
to obtain a cervicovaginal cell pellet. To each of the 
known volumes of plasma, leukocyte, and cervicovag- 
inal cell samples, 10% trichloroacetic acid was added. 
The plasma samples were thoroughly mixed. Leuko- 
cyte and cervicovaginal cell samples were additionally 
homogenized with a Polytron homogenizer. Each of the 
tubes containing the various samples was immersed 
in ice for 10 minutes and then centrifuged. The acid- 
ified supernatants were used to determine the levels of 
reduced and total ascorbic acid spectrophotometri- 
cally.” 

Each assay was done in duphcate. Standard samples 
for both reduced and total ascorbic acid were analyzed 
simultaneously each day. The daily variation in stan- 
dard ascorbic acid assays was less than 1%. The vari- 
ation between duplicate samples, run simultaneously, 
was also less than 1%. Plasma reduced and total ascorbic 
acid levels are expressed as mg/dl. Leukocyte and cer- 
vicovaginal cell total ascorbic acid levels are expressed 
as micrograms per 10° cells. The lower limits of detec- 
tion for the spectrophotometric methods for plasma 
reduced and total, leukocyte, and cervicovaginal total 


ascorbic acid levels were 50 mg/ml, and 0.01 pg/10° » 


cells, respectively. 

Leukocyte and cervicovaginal cell count. To a 
known volume of leukocyte suspension after Ficoll sep- 
aration, or a cervicovaginal cell suspension, an equal 
volume of 2% Trypan blue solution was added. Each 
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_ Table I. Age, leukocyte, and cervicovaginal 
cell counts of smokers versus 
nonsmoker women 


Cervicovaginal 
cell count 
(x 10° 
cells/ml) 














Leukocyte count 
(x 10° cells/ml) 






Age (yr) 


Smokers 32.5 +4 7.2 11.64 + 9.03 1.24 + 1.27 
(n = 16) (n = 16) (n = 16) 
 Nonsmokers 28.0 + 6.3 14.71 + 5.80 0.58 + 0.41 
(n = 30) (n = 22) (n = 30) 
p Value* ` NS à NS <0.01 


Figures in parentheses indicate the number of subjects. Re- 
sults are mean + SD. Smokers on an average smoked 
12.9 + 9.5 cigarettes per day for 11.8 + 7.6 years, 


*By Student’s ¢ test. 


of the mixtures was dispensed onto a Neubeuer He- 
macytometer. The cells distributed in the four corner 
squares were counted. Cell counts are expressed as 
number of cells x 10° per milliliter. 

Statistical analyses. The study code was broken in 
March 1990. Student’s ¢ test was applied to determine 
any association between the various study parameters: 
plasma reduced ascorbic acid, plasma total ascorbic 
acid, leukocyte total ascorbic acid, cervicovaginal cell 
total ascorbic acid and cervicovaginal cell and leukocyte 
count and (1) smoking, (2) phase of the menstrual cycle 
(women with last menstrual period =14 or >14 days), 
(3) methods of birth control (women not using any 
method versus those using barrier methods of birth 
control), and (4) breakfast intake (women who had or 
did not have breakfast on the day of sample collection). 


Results 


Sixteen of the 46 women in the study were smokers. 
Smokers on an average smoked 12.9 + 9.5 cigarettes 
per day for 11.8 + 7.6 years. The numbers of cigarettes 
smoked and the years of smoking varied from 2 to 35 
per day and 4 to 25 years, respectively. Blood samples 
of eight nonsmoker women were obtained in amounts 
inadequate for leukocyte. separation. The number of 
leukocytes and cervicovaginal cells of both smoker and 
nonsmoker subjects ranged from 1.14 to 32.4 and 0.1 
to 4.64 x 10° cells per milliliter, respectively. The ages 
of study subjects ranged from 18 to 44 years. The 
plasma reduced and total ascorbic acid, and leukocyte 
and cervicovaginal total ascorbic acid levels of all wo- 
men in the study ranged from 0.18 to 0.917 mg/dl, 
0.261 to 1.054 mg/dl; 0.073 to 0.554 ug/10° cells, and 
0.01 to 1.797 wg/10° cells, respectively. 

Table I compares the mean age, leukocyte, and cer- 
vicovaginal cell counts in smoker versus nonsmoker wo- 
men. A significantly higher number of exfoliated cer- 
vicovaginal epithelial cells was observed in smokers. 
The cervicovaginal cell count of the smokers ranged 
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Table I. Distribution of plasma reduced and total, and leukocyte and cervicovaginal cell total ascorbic 


acid concentrations of smokers versus nonsmoker women 















Plasma reduced ascorbic 


acid (mg/dl) acid (mg/dl) 
Smokers 0.441 + 0.235 0.557 + 0.218 
(n = 16) (n = 16) 
Nonsmokers 0.610 + 0.199 0.707 + 0.170 
(n = 30) (n = 30) 
p Value* <0.01 | <0.01 


Plasma total ascorbic 





Cervicovaginal cell total 
ascorbec acid 
(ug/l cells) 










Leukocyte total ascorbic 
acid (44g/10° cells) 


0.249 + 0.146 0.350 + 0.378 
(n = 16) (n = 16) 
0.197 + 0.092 0.828 + 0.546 
(n = 22) (n = 30) 
<0.05 <0.D01 


Figures in parentheses indicate the number of subjects. Results are mean + SD. Smokers on an average smoked 12.9 + 9.5 


cigarettes per day for 11.8 + 7.6 years. 
*By Student's ¢ test. 


from 0.01 to 4.64 x 10° cells per milliliter (median, 
0.71 x 10°). The cell counts of the nonsmokers ranged 
from 0.16 to 1.96 x 10° cells per milliliter (median, 
0.46 x 10°). The mean age and leukocyte count of the 
two study groups were comparable. 

Table II compares the reduced and total plasma 
ascorbic acid levels, leukocyte, cervicovaginal cell’ to- 
tal ascorbic acid levels of smokers versus nonsmoker 
healthy women. In smokers plasma reduced and total 
cervicovaginal cell total ascorbic acid levels were sig- 
nificantly lower, but the leukocyte total ascorbic acid 
level was significantly higher compared with the non- 
smoker group. Because of the small sample size of 
smokers, statistical analysis to determine the effect of 
the number of cigarettes smoked times duration of 
smoking on the various study parameters could not be 
evaluated. The plasma ascorbic acid values analyzed by 
two separate procedures were found to be highly cor- 
related (R = 0.55, p = 0.0001) and of similar mag- 
nitude. | 

The breakfast intake of each subject attending the 
morning clinics was analyzed. A total of 70% of the 
study population did not have any breakfast. Of those 
who had breakfast, 17% had only a cup of coffee, and 
two of the nonsmokers and two smokers had orange 
juice. The remaining subjects reported eating either 
one of a combination of the following: egg, toast, ham- 
burger, hotdog, or French fries. All parameters studies 
were found to be comparable among women who ate 
or did not eat breakfast on the day of the clinic visit. 

None of the study subjects used oral contraceptives.. 
Subjects were not using any methods or were using 
barrier methods of birth control; when compared be- 
tween these two groups the various study parameters 
were not statistically different. With regard to the men- 
strual cycle, there were 25 subjects in the follicular 
phase and 21 subjects in the luteal phase. The number 
of leukocyte and cervicovaginal cell counts of women 
in the follicular and luteal phases of the menstrual cy- 
cles was comparable (p > 0.05). In addition, ascorbic 
acid levels in the plasma, leukocytes, and cervicovaginal 


cells were not statistically different between women in 
the follicular versus luteal phase of the menstrual 
cycle. 


Comment 


This is the first study to report the levels of ascorbic 
acid simultaneously determined in plasma, leukocytes, 
and cervicovaginal cells in normal healthy women. Sev- 
eral noteworthy observations are apparent: (1) The ex- 
foliation of cervicovaginal epithelial cells in smokers is 
significantly increased; (2) compared with leukocytes, 
the ascorbic acid level of exfoliated epithelial cells in 
nonsmokers is slightly higher; (3) in smoxers, the dif- 
ference in leukocyte and cervicovaginal cell ascorbic 
acid levels is markedly diminished; (4) leukocyte ascor- 
bic acid level in smokers is significantly higher than in 
nonsmokers; (5) both plasma reduced and total ascorbic 
acid levels in smokers are significantly lower. The tim- 
ing of the peripheral venous blood sample and cervi- 
covaginal lavage sample collection with respect to the 
menstrual cycle of recruited subjects did not have any 
effect on any study parameters, indicating that the 
changes observed in this study were independent of 
menstrual cycle variations. Similarly, neitaer breakfast 
intake of the volunteer participants nor the method of 
birth control practiced was found to influence any of 
the study parameters. Smoking was the only variable 
that emerged as an influence on both the levels of 
ascorbic acid and exfoliation of cervicovaginal cells. 
Two separate assay procedures were used. to determine 
the plasma reduced and total ascorbic ac-d levels. The 
plasma vitamin concentrations were found to be highly 
correlated and of equal magnitude. This suggests that 
ascorbic acid remains predominantly in the reduced 
state in normal healthy women. 

Cancer prevention as an achievable goal challenges 
cancer research and has attained high priority. There 
is a substantial association between deficiency of dietary 
constituents and the incidence of certain malignan- 
cies.'*?' Specific essential nutrients are hypothesized to 
reduce the cancer risk by neutralizing mutagens and 
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carcinogens, by quenching free radicals generated from 
various sources, or by augmenting the immune re- 
sponse.** * °° Dietary substances with these attributes 
are vitamins A, C, E, B-carotene, and selenium.” 

Biochemical evaluation of nutritional status is more 
precise and objective than dietary, clinical, or anthro- 
pometric assessments. In earlier investigations we as- 
sessed both dietary intake and plasma ascorbic acid lev- 
els in high-risk populations for cervix cancer.'* * The 
results of this study confirm our earlier observations of 
significantly lower plasma reduced and total ascorbic 
acid levels in smoxers (Table II) and is consistent with 
other investigators.'* °°?’ In peripheral blood, ascorbic 
acid has been shown to be highly hable and is parti- 
tioned between plasma and leukocytes according to the 
hosts metabolic demands.” The leukocyte content of 
vitamin C is greater than the concentration in most 
other tissues, including plasma.” 

Polymorphonuclear leukocytes are reported to gen- 
erate reactive oxidants during phagocytosis.*° Cervico- 
vaginal cells may be at increased risk of free radical 
exposure as a consequence of smoke-induced carcin- 
ogens present in cervical mucus, and/or human pap- 
illomavirus infection, or both. An unexpected finding 
of this investigation is the high ascorbic acid levels of 
exfoliated epithelial cells in nonsmokers: the concen- 
tration was slightly higher than that of the leukocytes. 
The cervicovaginal cell ascorbic acid levels in smokers, 
although significantly lower than in nonsmokers, how- 
ever, are greater than the leukocyte levels (Table II). 
Hence we suggest that in normal healthy women the 
antioxidant nutrient ascorbic acid is preferentially ac- 
cumulated in both the leukocytes and cervix, tissues 
that are increasingly at risk of exposure to free radical 
damage. 

There are several reports of the immuno-enhancing 
potential of ascorbic acid. Ascorbic acid deficiency in 
humans has been associated with impaired ingestion 
of microorganisms by polymorphonuclear leukocytes. 
The defective phagocytosis has been corrected by 
the administration of vitamin C." Supplementation of 
ascorbic acid in healthy males resulted in a statistically 
significant increase in the serum levels of IgA, IgM, 
and C3 complement.” An elevation in macrophage 
ascorbic acid levels in smokers has also been reported.” 

It is now established that hydrocarbon carcinogens 
absorbed from the pulmonary system are transmitted 
through the circulation to distant tissues and organs 
in cigarette smokers.* Nicotine and cotinine are selec- 
tively accumulated in the cervical mucus against a se- 
rum concentration gradient.” It is also reported that 
particulates found in cigarette smoke induce the re- 
lease of a macrophage-derived chemotactic factor that 
attracts polymorphonuclear leukocytes. During phago- 
cytosis, collagenase, elastase, or both are released from 
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neutrophils with a concomitant increase in the produc- 
tion of free radical, “superoxide anions.”* °° 

The higher content of leukocyte ascorbic acid in 
smokers despite a concentration gradient of signifi- 
cantly lower plasma reduced and total ascorbic acid 
levels suggests a preferential accumulation of the vi- 
tamin (Table IJ). The increment implies a requirement 
of the essential micronutrient by the leukocytes in 
smokers, possibly to enhance the host’s defense mech- 
anism. However, the comparatively lower cervicovagi- 
nal cell ascorbic acid levels in smokers (Table II) may 
reflect the increased utilization of ascorbic acid by the 
cervical tissue, counteracting the injurious effects of 
smoke-induced carcinogens and oxidative pertuba- 
tions. 

In this study increased numbers of exfoliated cer- 
vicovaginal cells were harvested from the lavage sam- 
ples of smokers (Table I). This result is consistent with 
our previously reported finding.” Accumulation of 
polymorphonuclear leukocytes and macrophages in 
cervical tissue with a concomitant increase in the release 
of elastase and collagenase during phagocytosis may be 
responsible for decreasing the cohesiveness of cervi- 
covaginal epithelial cells in smokers, resulting in in- 
creased exfoliation. Alternatively, smoking may induce 
an acceleration in the mitotic activity of cervicovaginal 
epithelial cells and expedite the exfoliation of cervical 
epithelium. We hypothesize that in cigarette smokers, 
inadequate concentrations of ascorbic acid and other 
antioxidants in cervical tissue render it susceptible to 
free radical damage. If deficiencies of antixodant nu- 
trients in conjunction with excess production of free 
radicals persists for a prolonged period of time, cellular 
damage may ensue. Such events occurring over time 
in association with an altered immune response, and in 
the presence of other cervix cancer risk factors, may 
be an important component of the oncogenic process. 


REFERENCES 


1. Stellman SD, Austin H, Wynder EL. Cervix cancer and 
cigarette smoking: a case controlled study. Am J Epide- 
miol 1980;111:383-8. 

2. Trevathan E, Latde P, Webster LA, et al. Cigarette smok- 
ing and dysplasia and carcinoma in situ of the uterine 
cervix. JAMA 1983;250:499-502. 

3. Greenberg ER, Vessey M, McPherson K, et al. Cigarette 
smoking and cancer of the uterine cervix. Br J Cancer 
1985;51:139-41. 

4. Lyon JL, Gardner JW, West DW, et al. Smoking and car- 
cinoma in situ of the uterine cervix. Am J Public Health 
1983;73:558-62. 

5. Hellberg D, Valentin J, Nilsson S. Smoking and cervical 
intraepithelial neoplasia: an association independent of 
sexual and other risk factors? Acta Obstet Gynecol Scand 
1986;65:625-31. 

6. Halliwell B, Gutterridge JM, eds. Free radicals in biology 
and medicine. Oxford: Clarendon Press, 1985. 

7. Levine SA, Kidd PM, eds. Autooxidant adaptation: its role 
in free radical pathology. San Leandro, California: Al- 
lergy Research Group, Biocurrents Division, 1985. 


1952 Basu etal, 


10. 


11. 


12. 


13. 


14, 


15. 


16. 


17. 


18, 


19, 


20. 


2i. 


22. 


. Pryor WA. Cigarette smoke and the involvement of free 


radicals in chemical carcinogenesis. Br J Cancer 1987; 
55(suppl 8); 19-23. 


. Sasson IM, Haley NJ, Hoffmann D, et al. Cigarette smok- 


ing and neoplasia of the uterine cervix: smoke constitu- 
ents in cervical mucus. N Engl J Med 1985;312:315-6. 
Holly EA, Petrakis NL, Friend NF, Sarles DL, Lee RE, 
Flander LB. Mutagenic mucus in the cervix of smokers. 
JNCI 1986;76:983-6. 

Brinton LA, Schairer C, Haenszel W, et al. Cigarette 
smoking and invasive cervical cancer. JAMA 1986;255: 
3265-9. 

Romney SL, Basu J, Vermund SH, Palan PR, DuttaGupta 
C. Plama reduced and total ascorbic acid in human uterine 
cervix dysplasias and cancer. Ann N Y Acad Sci 1987;498: 
132-43. 

Palan PR, Mikhail M, Romney SL. Decrease B-carotene 
tissue levels in uterine leiomyomas and cancers of repro- 
ductive and nonreproductive organs. AM J] OBSTET GYNE- 
COL 1989;161:1649-52. 

Basu J, Mikhail MS, Goldberg GL, Palan PR, Romney SL. 
Measurements of ascorbic acid and glutathione in ex- 
foliated cervicovaginal epithelial cells of smokers and 
women with cervical dysplasias. Gynecol Obstet Invest 
1990;30:48-51. 

Basu J, Vermund SH, Mikhail M, Palan PR, Romney SL. 
Plasma reduced and total ascorbic acid in healthy women: 
effects of smoking and oral contraception. Contraception 
1989;39:85-93. 

Palan PR, Romney SL, Vermund SH, Mikhail M, Basu J. 
Effect of smoking and oral contraception on plasma B- 
carotene levels in healthy women. AM J OBSTET GYNECOL 
1989;151:881-5. 

Basu J, Palan PR, Vermund SH, Goldberg G, Burk RD, 
Romney SL. Plasma ascorbic acid and £-carotene levels 
in women evaluated for HPV infection, smoking and cer- 
vix dysplasia. Cancer Detect Prev [In press]. 

Fotino M, Merson EJ, Allen FH. Micromethod for rapid 
separation of lymphocytes from peripheral blood. Ann 
Clin Lab Sci 1971;1:131-3. 

National Research Council Committee on Diet, Nutrition 
and Assembly of Life Sciences. Diet, nutrition and cancer. 
Washington DC: National Academic Press, 1982. 
Connett JE, Kuller LH, Kjelsberg MO, et al. Relationship 
between carotenoid and cancer: the Multiple Risk Factor 
Intervention Trial (MRFIT) study. Cancer 1989;64:126- 
34. 

Wald NJ, Boreham J, Hayward JL, Bulbrook RD. Plasma 
retinol, B-carotene and vitamin E levels in relation in fu- 
ture risk of breast cancer. Br ] Cancer 1984;49:321-4. 
Oshima H, Bartsch H. The influence of vitamin C on the 
in vivo formation of nitrosamines. In: Counsell JM, Hor- 


23. 


24. 


25. 


26. 


aii 


28. 


29. 


30. 


31. 


$2: 


33. 


34. 


35. 


36. 


December 1990 
Am ] Obstet Gyneca! 


nig DH, eds. Vitamin C (ascorbic acid). London: Applied 
Science, 1982:215-24. 

Machlin LJ, Bendich A. Free radical tissue damage: pro- 
tective role of antioxidant nutrients. FASEB J 198731: 
441-5. 

Das UN. Nutrients, essential fatty acids ard prostaglan- 
dins interact to augment immune responses and prevent 
genetic damage and cancer. Nutrition 1989;5:106-10. 
Wassertheil-Smoller SS, Romney SL, Wylie-Rosett, et al. 
Dietary vitamin C and uterine cervical dysplasia. Am J 
Epidemiol 1981;114:714-24. 

Smith JL, Hodges RE. Serum levels of vitamin C in re- 
lation to dietary and supplemental intake cf vitamin C in 
smokers and nonsmokers. Ann N Y Acad Sci 1986; 
498:144-51. 

Keith RE, Mossholder SB. Ascorbic acid status of smoking 
and nonsmoking adolescent females. Int J Vitam Nutr 
Res 1986:56:363-6. 

Loh HS. The relationship between dietary ascorbic acid 
intake and buffy coat and plasma ascorbic acid concen- 
trations at different ages. Int J Vitam Nutr Res 1972;4: 
80-5. 

Loh HS, Wilson CWM. Relationship between leucocyte 
and plasma ascorbic acid concentrations. Br’ Med J 
1971;3:733-5. 

Baehner RL, Boxer LA, Allen JM, Davis J. Autooxidation 
as a basis for altered function by polymorphonuclear leu- 
kocytes. Blood 1977;50:327-35. 

Anderson R. Effects of ascorbate on leucocytes. II. Effects 
of ascorbic acid and calcium and sodium ascorbate on 
neutrophil phagocytosis and post-phagocytic metabolic 
activity. S Afr Med J 1979;56:401-4. 

Prinz W, Bortz R, Bergin B, Hersch M. The effect of 
ascorbic acid supplementation on some parameters of the 
human immunological defence system. Int J Vitam Nutr 
Res 1977;47:248-57. 

McGowan SE, Parenti CM, Hoidal JR, Niewoehner DE. 
Ascorbic acid content and accumulation by alveolar mac- 
rophages from cigarette smokers and non-smokers. J Lab 
Clin Med 1984;104:127-34. 

Schiffman MH, Haley NJ, Felton JS, et a. Biochemical 
epidemiology of cervical neoplasia: measuring cigarette 
smoke constituents in the cervix. Cancer Res 1987;47: 
3886-8. 

Hellberg D, Nilsson S, Haley NJ, Hoffman D, Wynder E. 
Smoking and cervical intraepithelial neoplasia: nicotine 
and cotinine in serum and cervical mucus in smokers and 
nonsmokers. AM J OBSTET GYNECOL 1988:158:910-3. 
Hoidal JR, Niewoehner DE. Lung phagocyte recruitment 
and metabolic alterations induced by cigarette smoke in 
humans and in hamsters. Am Rev Resəir Dis 1982; 
126:548-52. 


Short-term effects of smoking on the pharmacokinetic profiles 


of micronized estradiol in postmenopausal women 


Denise Lee Cassidenti, MD, Ariel G. Vijod, MS, Marcela A. Vijod, BS, 
Frank Z. Stanczyk, PhD, and Rogerio A. Lobo, MD 


Los Angeles, California 


Because smoking is associated with an increased risk for osteoporosis, yet a decreased risk 

of endometrial carcinoma, a state of relative hypoestrogenism induced by smoking has been 

suggested. However, because previous data are unclear and do not reflect current trends in 

smoking intensity and estrogen prescriptions, we examined the estrogen profiles of postmenopausal 
women, by smoking status, both before and after oral micronized estradiol. Baseline levels of estrone, 
estradiol, estrone sulfate, and estrone glucuronide were similar in nonsmokers and smokers, but unbound 
(non-sex-hormone-binding-globulin—bound) estradiol was significantly lower in smoking women (p < 0.05) 
and sex-hormone-binding-globulin—binding capacity was higher (p < 0.001). After 1 or 2 mg of micronized 
estradiol, estrone and estradio! serum profiles were similar but unbound estradiol was significantly lower in 
women who were smokers (p < 0.05). Serum estrone glucuronide rose with treatment but was 
indistinguishable in nonsmokers and smokers. However, maximum changes in serum estrone sulfate were 


greater in smokers after administration of estrogen, suggesting a hepatic effect: Urinary estrone 
glucuronide levels increased after 8 hours of oral estrogen but were similar in nonsmokers and smokers 
with the two doses. It appears that even moderate smoking, as studied here, induces significant changes 
in hepatic estrogen metabolism and is best reflected by alterations in serum estrone sulfate and 
sex-hormone-binding-globulin—binding capacity that result in decreased serum unbound estradiol. 
However, these changes do not appear to require increasing the estrogen dosage to achieve physiologic 
levels of estrogen in postmenopausal smokers. (AM J OgsteT GYNECOL 1990;163:1953-60.) | 


Key words: Smoking, estrogen status, postmenopausal women, pharmacokinetic profiles 


Cigarette smoking has been associated with an 
increased risk of osteoporosis’ but.a decreased risk 
of endometrial cancer? in postmenopausal women. 
MacMahon et al.* first reported decreased urinary es- 
trogen levels in the luteal phase of premenopausal 
women who were smokers. Thus it has been suggested 
that smoking causes a relative hypoestrogenism that 


explains the increased risk of osteoporosis but de- 


creased risk of endometrial cancer. 

Jensen et al.** attempted to address the question di- 
rectly and have reported lower estrone levels in smok- 
ing postmenopausal women after they received hor- 
monal replacement. However, the baseline estrogen sta- 
tus of nonsmokers and smokers was not significantly 
different. Moreover, the women in this study received 
a mixture of sex steroids, including a progestin, and 
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the effects were most marked only in women who re- 
ceived high doses of estrogen. 

Because it appeared likely that any effects of smok- 
ing on estrogen status would be related to the amount 
and intensity of smoking, we thought it was important 
to examine this issue in women who were only moderate 
smokers to establish the clinical relevance of this asso- 
ciation in our patient population. To study this issue 
and after review of the previous studies, we reexamined 
this issue and sought to determine: (1) the baseline es- 
trogen status of postmenopausal women who smoke, 
(2) estrogen levels after smoking in women who ingest 
only moderate doses of estradiol, (3) the possible mech- 
anisms explaining the postulated altered estrogen me- 
tabolism in smokers, and (4) whether an increased dose 


of estrogen would be required in smokers to achieve 


physiologic hormone replacement, 


Material and methods 


Subjects. Volunteers were 25 healthy postmeno- 
pausal women who had not received hormonal replace- 
ment for at least 2 weeks. All women had been post- 
menopausal for at least 2 years before the study. The 
women were healthy and had no history of cancer 
or chronic illnesses. Twelve women were nonsmokers, 
and 13 women were long-term smokers who reported 
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Table I. Characteristics of patient population 


Age (yr, Ponderal index 
n mean + SE) (mean + SE) 


Estrace | mg 


Nonsmokers 9 58.4 + 2,2 11.6 + 0.1% 
` Smokers 10 58.7 + 1.6 12.2 + 0.1 
Estrace 2 mg 

Nonsmokers 3 56.7 + 3.3 11.7 + 0.1% 

Smokers 3 58.7 + 2.0 12.5 + 0.1 
Fh < 0.01. 


smoking an average of 11.6 + 1.4 cigarettes per day 
(range, 6 to 20 cigarettes per day). | 
Protocol. All patients were studied at 8 AM after eat- 
ing a light breakfast to increase the absorption of the 
oral micronized estradiol. The women (nonsmokers 
and smokers) were randomly assigned to receive either 
l or 2 mg of micronized estradiol (Estrace, Mead John- 
son, Evansville). Smokers were instructed to smoke 
a cigarette of their own brand immediately after in- 
gesting the micronized estradiol and then continue 
to smoke at normal intervals during the remaining 8 
hours. Blood samples were drawn at baseline, 1, 2, 4, 
and 8 hours after micronized estradiol was ingested to 


determine the acute hepatic effects and pharmacoki- . 


netic profiles of oral ingestion. A random urine sample 
was collected at the start of the study followed by an 
8-hour collection to assess urinary excretion. All urine 
samples were immediately stored at — 20° C. Sera sam- 
ples obtained were separated and stored at —20° C 
until assayed. All samples were assayed for estrone, 
estradiol, sex-hormone-binding-globulin—binding ca- 
pacity, unbound (non-sex-hormone-binding-globulin— 
bound) estradiol, and the serum estrogen conjugates 
estrone glucuronide and estrone sulfate, which reflect 
hepatic metabolism. Urine was analyzed for estrone 
glucuronide and creatinine levels. 

Assays. The assays for estradiol, sex-hormone- 
binding-globulin—binding capacity, and unbound es- 
tradiol have been previously validated and de- 
scribed.®? For the purposes of this study, these assay 
systems were developed and validated. Estrone was 
measured by means of a specific estrone radioimmu- 
noassay (RIA) that does not require a chromatographic 
step before quantitation. To 1 ml of serum, approxi- 
mately 1000 dpm of tritiated estrone (DuPont NEN Re- 
search Products, Boston; specific activity, 42 Ci/mmol) 
in 0.1 ml of assay buffer [0.1 mol/L sodium phosphate, 
pH 7.0; 0.15 mol/L sodium chloride; 0.1% (wt/vol) 
Knox unflavored gelatin; 0.1% (wt/vol) sodium azide] 
is added as an internal standard to monitor procedural 
losses and incubated at 37° C for 30 minutes. The se- 
rum is extracted twice with 5 ml of ethyl acetate/hex- 
ane (4:6, vol/vol), and the combined organic phases 
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are evaporated under nitrogen. The residue is recon- 
stituted in 10% ethanol in assay buffer (vol/vol), The 
RIA is performed with a highly specific anciserum (Pan- 
tex, Santa Monica) directly against estrone. The anti- 
serum exhibited a 0.14% cross-reaction with estradicl. 
These. reliability criteria were determined for the es- 
trone RIA. The sensitivity of the assay (defined as the 
smallest amount of estrone per RIA tube that reduces 
the number of counts per minute of tritiated estrone 
bound at zero mass by 2 SDs) was 3.9 pg per tube or 
15 pg/ml. Accuracy was determined by adding known 
amounts of authentic estrone to pooled serum. Linear 
regression analysis performed to compare estrone val- 
ues measured in pools versus the amount of estrone 
added revealed a correlation coefficient of 0.99. Parallel 
experiments comparing the current assay with the pre- 
vious validated estrone assay, requiring column chro- 
matography,” were performed and showed equivalent 
values with an average difference of 5 pg/ml. The in- 
terassay coefficient of variation for estrone was 14%. 
Estrone glucuronide was measured in an aliquot of 
0.6 ml of serum combined with an internal standard of 
approximately 100 dpm of tritiated estrone glucuro- 
nide (Amersham Laboratories, Buckinghamshire, En- 
gland; specific activity, 12.6 Ci/mmol) dissolved in 0.1 
ml of 0.2 mol/L sodium phosphate buffer, pH 6.8, to 


.monitor procedural losses and incubated at 37° C for 


30 minutes. After extraction of unconjugated steroids, 
2 ml of the phosphate buffer is added to the aqueous 
layer. To each sample 500 units of B-glucuronidase, 
type VIIA from Escherichia colt (Sigma Chemical Co., 
St. Louis) in 0.1 ml of the phosphate buffer is added 
and incubated overnight at 37° C. The hydrolyzed es- 
trogens are extracted twice with 5 ml of ethyl ace- 
tate/hexane (4: 6, vol/vol). After evaporating the or- 
ganic solvents, the extract is reconstituted and the es- 
trone is measured as described above. All values were 
corrected for molecular weight. 

The following reliability criteria were determined for 
the estrone glucuronide RIA. The sensitivity of the as- 
say was 45 pg/ml. Accuracy experiments revealed a cor- 
relation coefficient of 0.99. The specificity of the B- 
glucuronidase for conjugated estrone was 0.27%. The 


. interassay coefficient of variation was 9.3%. 


Estrone sulfate was measured on the basis of a mod- 
ification of the procedure described by Platia et al.'! To 
a 0.2 ml aliquot of serum, approximatel 1000 dpm of 
tritiated estrone sulfate (DuPont NEN Research Prod- 
ucts; specific activity, 60 Ci/mmol) in 0.1 ml of sodium 
acetate buffer, pH 5, is added as an internal standard 
to monitor procedural losses and is incubated at 37° C 
for 30 minutes. The samples are extracted twice with 
5 ml of ethyl acetate/hexane (4 : 6, vol/vol) to remove 


unconjugated steroids. The aqueous phases are com- 


bined and deproteinated with 2 ml of methanol. After 
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Table II. Baseline estrogen status of nonsmoking and smoking postmenopausal women 


Estrone (pg/ml) Estradiol (pg/ml) 


Nonsmokers 64 + 8 19 + 3 
(N = 12) 

Smokers 63 + 6 14 + Í 
(N = 13) 

*b < 0.01. 


the mixture is spun in a vortex, the protein pellet is 
removed by centrifugation, and the methanol is evap- 
orated under nitrogen at 40° C. The residue is recon- 
stituted in 2 ml of the acetate buffer, and 6.7 units of 
arylsulfatase type VIII from abalone entrails (Sigma 
Chemical Co.) is added, followed by an overnight in- 
cubation at 37° C. The hydrolyzed estrogens are ex- 
tracted twice with 5 ml of ethyl acetate/hexane (4:6, 
vol/vol) mixture. After the organic solvents are evap- 
orated, the extract is reconstituted and the estrone is 
measured as described earlier. All values were cor- 
rected for molecular weight and for estrone glucuro- 
nide procedural losses. aa 

The following reliability criteria were determined for 
estrone sulfate RIA. The sensitivity of the assay was 
160 pg/ml. The average efficiency of hydrolysis was 
85% with an overall recovery of 71%. Parallelism was 
established by serial dilution of pooled serum. The re- 
sulting curve was parallel to the corresponding stan- 
dard curve. Specificity of the arylsulfatase enzyme for 
estrone glucuronide was 8%. The interassay coefficient 
of variation was 11%. Assays for urinary estrone gluc- 
uronide and creatinine were performed as previously 
described.” 

Statistical analyses were done between groups with 
paired and unpaired ¢ tests and logarithmic transfor- 
mation. All data are reported as mean + SE. 


Results 


Table I depicts the characteristics of our patients. 
Body habitus is reported by the ponderal index, which 
is height (inches) divided by the cube root of the weight 
(pounds). Patients receiving Estrace 1 or 2 mg were 
matched for age. However, on the basis of ponderal in- 
dices, the nonsmokers were significantly heavier than 
the smokers in both groups (p < 0.01). 

Baseline estrogen status of nonsmokers (n = 12) and 
smokers (n = 13) is depicted in Table II. There were 
no differences in levels of estrone, estradiol, estrone 
glucuronide, or estrone sulfate. However, baseline lev- 
els of unbound estradiol were significantly lower in 


smokers than in nonsmokers (4.97 + 0.62 vs 8.56 + 


1.4 pg/ml, p < 0.01). 
With Estrace 1 mg, nonsmokers and smokers had 
similar estradiol and estrone levels for 8 hours after 


Unbound estradiol Estrone glucuronide Estrone sulfate 
(pg/ml) (ng/ml) (ng/ml) 

86214 © 0.193 + 0.03 1.58 + 0.25 

4.9 + 0.6* 0.199 + 0.03 1.65 + 0.21 


ingestion (Fig. 1). Peak levels averaged 200 pg/ml for 
estrone and 40 pg/ml for estradiol in both groups. 
However, levels of unbound estradiol, although similar 
in nonsmokers and smokers after 1 hour, were sig- 
nificantly lower in smokers at 8 hours (13.3 + 1.4 vs 
25.9 + 4.1 pg/ml, p < 0.02). Serum estrone glucuro- 
nide peaked at two hours and decreased rapidly there- 
after. Conversely, estrone sulfate showed a gradual rise 
that reached maximum levels at 4 hours (20 ng/ml) 
and these levels were sustained thereafter. No statistical 
differences were observed for these serum conjugates 
in nonsmokers and smokers. 

In patients who received Estrace 2 mg, smokers had 
higher levels of estrone compared with nonsmokers 
at 1 hour (200 + 34.6 vs 99.3 + 9.1 pg/ml, p < 0.05) 
(Fig. 2). The same trend was observed with estradiol 
but was not statistically significant. Over the entire 8 
hours, values of estrone and estradiol were not sig- 
nificantly different in nonsmokers and smokers and 
peaked at levels of 350 and 50 pg/ml, respectively. 
Unbound estradiol was not significantly different at 
baseline but was significantly lower in smokers than in 
nonsmokers, both at 4 hours (14.9 + 1.5 vs 29.8 + 4.6 
pg/ml, p < 0.05) and at 8 hours (16.9 + 1.5 vs 36.9 + 
11.5 pg/ml, p < 0.05). Serum estrone glucuronide lev- 
els showed a rapid increase in smokers but were not 
statistically different from responses of nonsmokers. 
Serum estrone sulfate levels were also higher in smok- 
ers than in nonsmokers, but these values were only of 
borderline significance (p < 0.06). 

Sex-hormone-binding-globulin—binding capacity 
was significantly higher in smokers compared with 
nonsmokers in both treatment groups: Estrace | mg 
(smokers vs nonsmokers, 136.7 + 8.2 vs 89.8 + 8.2 
nmol/L; p < 0.0001) and Estrace 2 mg (smokers vs 
nonsmokers, 191.3 + 13.2 vs 61.6 + 8.3 nmol/L, p< 
0.0001) (Fig. 3). This 35% to 68% difference in sex- 
hormone-binding-globulin—binding capacity between 
smokers and nonsmokers could not be accounted for 
solely on the basis of body mass because there was only 
a 5% to 7% difference in ponderal index between the 
two groups. As expected, there were no changes with 
8 hours of treatment (data not shown). 

To better analyze estrogen metabolism, we examined 
the maximum changes in the hepatic markers, serum 
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Fig. 1. Pharmacokinetic profiles in women receiving Estrace 1 mg. Nonsmokxers (dotted line) are com- 


pared with smokers (solid line). Asterisk, p < 0.02. 


estrone glucuronide and estrone sulfate, from baseline 
to peak. When the groups receiving Estrace 1 mg and 
2 mg were compared, the maximum changes in levels 
of estrone glucuronide were not statistically different 
in nonsmokers and smokers (Fig. 4). However, a trend 
was observed with Estrace | mg; the maximum changes 
iri estrone sulfate were higher in smokers than in non- 
smokers but was not statistically significant. In the 2 mg 
group, this difference in estrone sulfate was statistically 
significant (24.4 + 4.2 vs 8.7 = 0.2; p < 0.05). 
Concentrations of urinary estrone glucuronide (mi- 
crograms per gram of creatinine) in the patients are 
shown in Fig. 5. At baseline, urinary estrone glucuro- 
nide was virtually undetectable and was not different in 
nonsmokers and smokers. Eight hours after oral inges- 
tion, estrone glucuronide levels rose significantly. With 
Estrace 1 mg, the values were similar for nonsmokers 
(729 + 110 wg estrone glucuronide per gram of cre- 


atinine). With Estrace 2 mg, no statistical difference was 
observed between nonsmokers (1470.7 + 264 ug es- 
trone glucuronide per gram of creatinine) and smokers 
(1829.3 + 855 ug estrone glucuronide per gram of cre- 
atinine). 


Comment 


There were no differences in baseline levels if es- 
trone, estradiol, and the conjugates, estrone sulfate and 
estrone glucuronide, between untreated postmeno- 
pausal nonsmokers and smokers. However, baseline 
unbound estradiol was significantly lower in post- 
menopausal women who smoked. This could be firmly 
established only when all women participating in this 
study were evaluated together (both trea:ment groups 
at baseline). This finding is most likely the result of in- 
creased sex-hormone-binding-globulin—kinding capac- 
ity in the women who smoked. Thus, even though our 
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Fig. 2. Pharmacokinetic profiles in women receiving Estrace 2 mg. Nonsmokers (dotted line) are com- 


pared with smokers {solid line). Asterisk, p < 0.05. 


patients were only moderate smokers (smoking an av- 
erage of 11.6 + 1.4 cigarettes per day), the findings 
in estrogen status were of significance. This degree of 
smoking is reflective of current smoking trends in Cal- 
ifornia.'* Studies done by the National Health Interview 
Survey over the last 10 years have shown a steady de- 
cline in smoking prevalence in the United States from 
36.7% in 1974 to 30.4% in 1985. A decline was also 
seen when men and women were analyzed separately. 
Women showed a steady decline in smoking of 0.33% 
per year." 

With use of 1 mg oral micronized estradiol, levels of 
estrone and estradiol were not significantly different. 
Increasing the dose of estradiol to 2 mg did not sig- 
nificantly change these profiles. In comparison with our 
results, Anderson et al., who administered oral estra- 
diol valerate, showed similar peak levels of estrone and 


estradiol. However, maximum levels in this study were 
seen at 4 hours and were noted to decline at 6 hours, 
whereas in our study estrone and estradiol levels were 
sustained. Although our levels of estrone sulfate are 
comparable to those previously reported,’’ our values 
for serum estrone glucuronide with oral estrogen are 
twofold to threefold higher than values reported by 
Siddle and Whitehead."* These differences in the mea- 
surements and pharmacokinetics of estrogen may be 
related to assay differences and the absorption char- 
acteristics of micronized estradiol. 

Unbound estradiol was significantly lower in smok- 
ers after oral Estrace administration. This was more 
marked with Estrace 2 mg where significant changes 
occurred at 4 and 8 hours. The data on unbound es- 
tradiol, being reflective of biologically available estra- 
diol, suggest that smokers have less biologically avail- 
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Fig. 5. Urinary estrone glucuronide in nonsmokers and smokers at baseline and in an 8-hour col- 


lection after administration of Estrace 1 or 2 mg. 


capacity between smokers and nonsmokers is greater 
than what would be expected solely on the basis of in- 
creased body weight alone. Linear regression analysis 
showed only a loose correlation between sex-hormone- 
binding-globulin—binding capacity to ponderal index 
(r = 0.43, p < 0.04). This alone does not fully explain 
our data since baseline levels of unbound estradiol 
were similar in smokers and nonsmokers. Only after 
oral estrogen ingestion did unbound estradiol levels 
change. Sex-hormone-binding-globulin is known not to 
increase over this short period of time (8 hours). 

Our data are similar to that of Jensen et al.,** in 
which baseline levels of serum estrone and estradiol in 
untreated postmenopausal women were not statistically 
different. In this Danish study, differences in both es- 
trone and estradiol levels were only observed when high 
doses of estrogen (4 mg of estradiol) were used. In 
the same study, the women received a mixture of sex 
steroids, including a progestin, norethisterone acetate, 
that may have influenced hepatic clearance. 

Serum estrogen conjugates, as markers of hepatic 
metabolism, are important for the complete evaluation 
of the pharmacokinetic profiles of our patients. Smok- 
ing appears to increase hepatic metabolism in a dose- 
related manner, resulting predominantly in increased 
serum estrone sulfate. Because estrone glucuronide 
and estrone sulfate are hepatic products and signifi- 
cant changes in estrone sulfate were observed only with 
Estrace 2 mg and was of borderline significance with 
I mg, this suggested to us that the effect was dose- 
related. Several studies have examined changes in 
the estrogen conjugates estrone sulfate and estradiol 


sulfate after administration of various sex steroids.’*'° 
The rise in these conjugates has been shown to be dose- 
related” as we have demonstrated here. The relatively 
long half-life of estrone sulfate, because of its high af- 
finity to albumin, resulted in higher levels that made 
changes easier to detect. Serum estrone glucuronide is 
cleared rapidly from the circulation and was not dif- 
ferent between groups in this study. 

Estrone glucuronide increased after administration 
of micronized estradiol but was cleared by the kid- 
neys faster than estrone sulfate. No differences in the 
urinary levels of estrone glucuronide between the two 
groups were noted. Thus no direct effects of smoking 
on renal clearance could be demonstrated. We would 
have predicted that the rapid increase in hepatic me- 
tabolism would have also resulted in lowered estrone 
levels in addition to unbound estradiol, but we were 
unable to demonstrate this. Although this should be re- 
lated to the intensity of smoking, no correlation could 
be found between the number of cigarettes smoked per 
day and the levels of estrone, estradiol or unbound es- 
tradiol. 

Therefore we hypothesize that smoking increases he- 
patic metabolism leading to increases in sex-hormone- 
binding-globulin—binding capacity, estrone sulfate, 
and estrone glucuronide. The effects are most marked 
in the case of sex-hormone-binding-globulin—binding 
capacity. With estrogen treatment, changes in serum 
estrone sulfate were more marked than those of serum 
estrone glucuronide. The effects observed are related 
to the dose of estrogen ingested, with greater effects 
observed at higher doses. Only minmal differences in 
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estrone sulfate and estrone glucuronide were observed 
with Estrace 1 mg, and only when Estrace 2 mg was 
used were the observed effects significant. 

Increased doses of estradiol would likely have re- 
sulted in more profound effects on estrogen metabo- 
lism than the doses studied here. However, because 
postmenopausal hormonal replacement usually does 
not exceed Estrace 2 mg, the effects of moderate smok- 
ing appear to be mild. Although differences do exist, 
on the basis of these data, these differences do not ap- 
pear to be large enough to warrant increasing routine 
doses of estrogen replacement in postmenopausal wo- 
men who smoke. 
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Oxytocin and vasopressin binding sites in human and 


bovine ovaries 


Anna-Riitta Fuchs, DSc, Oliver Behrens, MD, Hanns Helmer, MD, Annette Vangsted, MD, 
Marina Ivanisevic, MD, Jamie Grifo, MD, PhD, Ciro Barros, PhD, and 


Michael Fields, PhD 
New York, New York, and Gainesville, Florida 


Human ovarian tissue and bovine ovarian stroma and follicles bound tritiated oxytocin and tritlated arginine 
vasopressin with similar affinity, whereas bovine corpora lutea bound tritiated oxytocin only. Competition 
for the binding of tritiated oxytocin by various agonists and antagonists was suggestive of receptor 
function. The number of oxytocin binding sites varied cyclically in all tissues. In bovine ovarian stroma and 
corpora lutea the concentrations were lowest on day 14 and highest on days 17, 19, and 21 after 
ovulation, with a striking peak in the luteal concentration on day 19. In human ovarian tissues the 
concentrations also were highest in samples obtained in late luteal phase. In large follicles the 
concentration of oxytocin binding sites was highest on the day of estrus and lowest on day 7. In bovine 
ovary the number of arginine vasopressin binding sites was ~50% lower than oxytocin binding sites and 
the cyclic variations were not significant. Human ovarian tissue had similar numbers of oxytocin and 
arginine ‘vasopressin binding sites. Because bovine ovaries produce oxytocin and argine vasopressin the 
results suggest a paracrine or autocrine role for these neuropeptides in luteolysis and ovulation. Although 
their synthesis in human ovaries is still controversial the presence of binding sites suggests a physiologic 
role in the regulation of human ovarian function as well. (AM J Osstet GynecoL 1990;163:1961-7,) 


Key words: Oxytocin, vasopressin, receptors, ovaries, corpora lutea, follicles 


Oxytocin has been found in the corpora lutea of 
many species including cow,” sheep,” pig,‘ rat,’ deer,’ 
human,’ and cynomolgus monkey.’ It is produced by 
the granulosa-derived large luteal cells’ * and peri- 
ovulatory granulosa cells. >° ° The ability of oxytocin 
to affect luteal function has been demonstrated in sev- 
eral species including the ruminants!” and primates.” 
In species in which the uterus is essential for the reg- 
ulation of corpus luteum life span, oxytocin is thought 
to act on the endometrium to cause the release of pros- 
taglandin F,,'* (PGF), which in turn acts on the corpus 
luteum to cause luteolysis.’® © In species in which the 
influence of the uterus on luteal life-span is not signif- 
icant (e.g., the primates), oxytocin may have a paracrine 
role in the regulation of ovarian function, acting on 
ovarian tissues to release PGF», which then diffuses 
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into the adjacent luteal cells to cause luteolysis.'"’ To 
determine the validity of such a hypothesis, we exam- 
ined the binding of oxytocin to ovarian tissues because 
the presence of receptors is a prerequisite for oxytocin 
action. Arginine vasopressin is produced in the ovaries 
of some species,’ and specific binding sites for arginine 
vasopressin have been found in other tissues of the 
female reproductive tract.'* '° We therefore examined 
the tissues also for the presence of arginine vasopressin 
binding sites. 


Material and methods 


Human subjects. Ovarian tissue was obtained from 
nine premenopausal women who had operations for 
the following nonmalignant causes: ovarian cysts (three 
cases), endometriosis (three), benign ovarian tumor 
(one), fibroids of the uterus (one), and hydrosalpinx 
(one). The contralateral ovary was used in all instances 
but one, and the tissue was histologically normal in all 
instances. All patients gave their consent and the proj- 
ect was approved by the Institutional Human Rights 
Committee. The tissues were kept on ice until the pa- 
thologists had examined the ovarian tissue and cut a 
portion of macroscopically normal tissue without the 
capsule and corpora lutea. The tissue was then wrapped 
tightly in foil and frozen at —70° to —80° G until as- 
sayed. Because insufficient tissue was available from 
individual patients to permit saturation analysis, tissues 
were pooled according to the stage in menstrual cycle 


anat 
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when the operation was performed. This was deter- 
mined from the menstrual history and verified by his- 
tologic examination of the endometrium: The follow- 
ing pools were obtained: 1, proliferative phase, days 6 
and 7 (two pools); 2, midcycle, days 14 to 18 (two pools); 
3, late luteal phase, days 19 to 28 (one pool). | 
Animals. Eighteen Hereford cows from the herd of 
the Animal Science Department of the University of 
Florida were killed on days 7, 14, 17, 19, and 21 after 
behavioral estrus (three cows each day). The tissues 
were removed as quickly as possible, the ovaries were 
freed of peritoneum, large follicles and corpora lutea. 
were dissected, and the stroma, follicles, and corpora 


lutea were frozen separately and kept at —70° to 


— 80° C until assayed. 
Tissue preparation. The tissues: were homogenized 
in 10 mmol/L Tris buffer containing 3 mmol/L eth- 


ylenediaminetetraacetic acid, 0.5 mmol/L dithiothrei-_ 


tol, and 0.002% of a protease inhibitor, phenylmethyl- 
sulfonyl fluoride (Sigma, St. Louis). Four 5-second 
pulses with a Polytron tissue grinder (Brinkman, West- 
bury, N.Y.) with 30-second intervals were used followed 
by four up-and-down strokes with a hand-held glass 
tissue grinder (Kontes, Vineland, N.J.). All steps were 
performed in an ice bath. A crude membrane prepa- 
ration precipitated between 1000 g (10 minutes) and 
160,000 g (30 minutes) at 4° C was used to maximize 
binding. The membrane preparations were washed 
repeatedly in 3 mmol/L ethylenediaminetetraacetic 
acid buffer to dissociate all endogenous oxytocin or 
arginine vasopressin from their binding sites. This is 
an important step because corpora lutea may contain 
significant amounts of oxytocin, which would interfere 
with the receptor assay, because of the relatively low 
specific activity of the available tritiated oxytocin (37 


mCi/mmol). Membranes were suspended in calcium- - 


free Hanks physiologic salt solution for storage at — 70° 
to — 80° C in a concentration of 1 mg/ml. 

Binding assay. The assay measures the total number 
of binding sites in the particulate membrane fractions. 
The final protein concentration was 1:1.5 mg/ml in 
the assay buffer; the total volume of 220 yl/tube was 
increased to 400 wl/tube when >330 pg protein per 
tube was used. The assay buffer consisted of 0.05 
mol/L Tris maleate, 5 mmol/L manganese chloride, 
0.002% phenylmethylsulfony] fluoride, and 0.1% bo- 
vine serum albumin pH 7.4. The labeled ligands were 
tritiated oxytocin (specific activity, 37 mCi/mmol) and 
tritiated arginine vasopressin (specific activity, 57.8 
mCi/mmol) from New England Nuclear (Boston). The 
assay conditions were as previously described’ '*: in- 
cubation with shaking for 60 minutes at 22° C termi- 
nated by adding 5 ml ice-cold buffer and rapid filtration 
through Whatman CF/F glass fiber filters using a cell 
harvester (Brandel, Gaithersburg, Md.). The unlabeled 
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ligands (purity: >99% by high-performance liquid 
chromatography verified by capillary electrophoresis) 
were obtained from Bachem (Torrance, Calif.). Other 
peptides were obtained from Peninsula, and other 
chemicals were from Sigma. 

Saturation analysis. Analysis was done by use of six 
to eight different concentrations of labeled ligand rang- 
ing from 107° to 10~* mol/L. Nonspecific binding was 
determined in the presence of 1.1 x 107° mol/L con- 


`- centration of unlabeled ligand. All assays were done in 


duplicate. 

Displacement and competition assays. These were 
performed with pooled bovine ovarian stromal mem- 
branes prepared from tissues obtained on days 17 and 
21 of cycle. The following agonists were used: oxy- 
tocin; arginine vasopressin; isotocin, a highly selective 
oxytocin agonist; 1-deamino-8-D-arginine vasopres- 
sin (ddAVP), a highly selective antidiuretic agonist; 
and two selective oxytocin antagonists, 1 deamino[2- 
D-tyrosine (O-ethyl)-8-ornithineJoxytocin RWJ (pro- 
vided by Dr. D. W. Hahn, Ortho Pharmaceutical Corp., 
Raritan, N.J.) and L365209 (provided by Dr. D. Petti- 
bone, Merck, West Point, N.Y.). The binding specificity 
was tested by competition with human chorionic go- 
nadotropin (94% purity, Steris Laboratories, Phoenix, 
Ariz.), and thyrotropin releasing hormone (Thypinone, 
Abbott Laboratories, North Chicago, I.3. 

' Protein assays were performed according to the 
method of Lowry et al.” with bovine serum albumin as 
standard, and deoxyribonucleic acid (DNA) assays were 
performed according to the method of Burton”? with 
calf thymus DNA as standard. 

Data analysis. Analysis of the data was performed 
with a computerized nonlinear iterative curve-fitting 
program, LIGAND, which calculates the parameters 
K, (association constant), Ka (dissociation constant), K; 
(dissociation constant of inhibitor), and B,,,, (maxi- 
mum binding) (Biosoft, Elsevier Science Publishers, 
New York). 

Statistical analysis. The significance of the cyclic 
variations was assessed by analysis of variance followed 
by Dunnett’s test using log-transformed data, and Stu- 
dent’s ¿ test was used to compare differences between 
two groups; values of p < 0.05 were considered signif- 
icant. Values are given as mean + SE unless otherwise 
indicated; n indicates the number of cows or number 
of pools from human ovaries, respectively. 


Results 


Preliminary results with bovine ovariar: tissues indi- 
cated that the binding of tritiated oxytocin and tritiated 
arginine vasopressin was proportional ta the protein 
concentration up to 1.5 mg/ml; at 2 mg/ml nonspecific 
interactions began to occur. Saturation analysis with 0.4 
and 0.8 mg/ml of protein from the same bovine ovarian 
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stromal membrane preparation resulted in identical K, 
and Bwa values, with SEs <10%. Specific binding 
reached equilibrium at 22° C in approximately 45 min- 
utes and was stable until 90 minutes; at +4° C the 
equilibrium was reached in 2 hours. At 37°C the results 
were erratic and specific binding had declined to low 
levels at 90 minutes. The presence of a divalent cation 
was essential for binding; calcium was ineffective and 
manganese was more effective than magnesium. Non- 
specific binding constituted from 50% to 80% of total 
binding, depending on the concentration of labeled 
ligand and the concentration of protein in the satura- 
tion assay. Thyrotropin releasing hormone or human 
chorionic gonadotropin, in concentrations up to 107° 
mol/L, did not compete for the binding of labeled oxy- 
tocin. The precision of the assay was determined by 
measuring the binding to aliquots of a similar mem- 
brane fraction prepared from bovine endometrium ob- 
tained on the day of estrus. Scatchard plots on the 
binding data obtained with these quality control sam- 
ples in 15 assays yielded similar parameters as the orig- 
inal analysis on the same tissue.’ 

High-affinity, saturable binding sites for tritiated 
oxytocin were found in all ovarian tissues, including 
the human pooled ovarian tissues, bovine ovarian 
stroma, corpora lutea, and follicles (Fig. 1). Tritiated 
arginine vasopressing binding was found in all tissues 
examined except the bovine corpora lutea, which 
showed no binding. The affinities were similar for both 
peptides and for all tissues with no significant variations 


between tissues or days of cycle (Table I). Unlabeled © 


oxytocin displaced the labeled ligand with a Ky of 
0.5 x 107° mol/L, and unlabeled arginine vasopressin 
competed for tritiated oxytocin with high affinity, K; 
0.8 x 107° mol/L. Labeled arginine vasopressin was 
displaced by arginine vasopressin with a Ky of 1.4 x 
107° and oxytocin competed with tritiated arginine va- 
sopressin with a K; of 0.8 x 107°, indicating a high 
degree of cross-reactivity at the binding sites. The 
selective oxytocin agonist isotocin competed for triti- 
ated oxytocin with high affinity, whereas the selec- 
tive antidiuretic agonist ddAVP competed with much 
lower affinity. The two selective oxytocin antagonists 
RWJ22165 and L365209 also competed for tritiated 
oxytocin binding sites with similar affinity as in myo- 
metrial and endometrial membranes."* Fig. 2 shows the 
logit-log transformed competition curves for the tested 
agonists and antagonists. 

The sizes of the follicles and corpora lutea in the 
ovaries of the experimental cows are shown in Table 
II together with plasma progesterone levels at the time 
of slaughter and the luteal oxytocin content, which was 
measured in corpora lutea of other cows from the same 
herd slaughtered on the same days of cycle. The mea- 
surements were performed by radioimmunoassay with 
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Fig. 1. Scatchard plot of data obtained in a saturation exper- 
iment with tritiated oxytocin binding to 400 ug of pooled 
bovine ovarian stromal membranes per tube. The ovaries were 
from days 17 and 21 of the estrous cycle. 


Table I. Affinity constants of oxytocin and 
arginine vasopressin receptors in human 
ovarian tissue and bovine ovarian stroma, 
follicles, and corpora lutea obtained from 
saturation experiments 





Affinity constant (nmol/L) 


ree 







Arginine 





vasopressin 

Human ovary, pooled 1.50 + 0.4 1.4 

‘(n = 5) (n= 1) 
Bovine ovarian stroma 1.53 + 0.23 2,10 + 0.55 

(n = 18) (n = 10) 
Bovine follicles,. pooled 0.92 + 0.13 0.45 

(n = 4) (n = 1) 

+ 0. 


Bovine corpora lutea 2.55 30 No binding 
| ) 


— 
© 


Values are mean ż SE. 


0.4 mol/L acetic acid extracts that were purified by 
absorption on Florisil columns with subsequent elution 
with 90% acetone water. 

Human pooled ovarian tissues. The concentration 
of tritiated oxytocin binding sites per milligram of DNA 
rose progressively during the menstrual cycle from low 
levels in the proliferative phase (days 6 and 7), 71.7 + 5 
fmol/mg DNA, to 157 + 60 mol/mg DNA in midcycle 
(days 14 to 18), and a peak of (652 mol/mg DNA) in 
the luteal phase (days 19 to 28). This value was more 
than three times the standard deviation above the mean 
for the proliferative phase and midcycle samples ( Fig. 
3). Expressed per milligram of protein, the variations 
during the cycle were similar; the concentration in the 
luteal phase was significantly higher than the combined 
mean for the proliferative phase and the midcycle val- 
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Fig. 2. Competition and displacement of tritiated oxytocin in membranes of pooled bovine ovariar: 
stroma by various agonists (closed symbols) and antagonists (open symbols) plotted after logit-log trans- 
formation of the data. Specific binding in the absence of added unlabelec peptide was designatec 
By. IT, Isotocin. L365209 and RWJ22165 are two oxytocin antagonists from Merck Co. and Orthe 


Corp., respectively. 


Table II. Plasma progesterone levels, the size of the largest follicles, and weights of corpora lutea in the 
experimental cows, and luteal oxytocin content in cows of the same herd obtained on the same days of 


the cycle 


Plasma progesterone* 
Day Follicles* (mm) Corpora lutea* (gm) (ngim! 


0 13.3 + 3.1 1.3 + 0.1 
7 18.3 + 2.4 3.7 + 0.4 
14 12.5 + 3.6 46+ 1.6 
17 4.8 + 1.3 3.6 + 0.5 
19 — 3.0 + 1.9 


Luteal oxytocin 


(pmol gland) 
<02 = 0 6 
3.4 = 0.2 1181 
3.3 = 0.4 2632 
38 1.9 227 
29152 195 


Values are mean + SE; n = 3 cows, except n = 2 for luteal oxytocin. 
*Values are reproduced from Fuchs A-R, Behrens O, Helmer H, Liu C-H, Fields M, Barros C. Endocrinology 1990;127:629- 


39, courtesy of the Endocrine Society. 


ues (results not shown). Tritiated arginine vasopressin 
binding was measured in only one pool because of a 
shortage of tissue. In that pool the femtomoles per 
milligram DNA concentration of the binding sites for 
tritiated arginine vasopressin was slightly higher than 
for tritiated oxytocin (Fig. 3). 

Bovine ovarian stroma. The concentrations of oxy- 
tocin binding sites were lowest on day 14 (56 + 22 


fmol/mg DNA) and highest on day 21 (292 + 64 


fmol/mg DNA), but the variations were not significant 
by analysis of variarice because of the considerable in- 
dividual variations. When the values for the early and 
midluteal phase (days 7 and 14) and for the late luteal 
phase (days 17 to 21) were combined, the cyclic varl- 
ations were statistically significant (p < 0.05); the com- 
bined late luteal phase values, 195 + 41 fmol/mg DNA, 
were significantly higher than the combined early 
and midluteal phase values, 70 + 15 fmol/mg DNA, 
(p < 0.03) (Fig. 4). 

The concentration of arginine vasopressin binding 


sites was somewhat lower and showed a similar trend 
during the cycle as the oxytocin binding sites (54.1 + 
20 fmol/mg DNA on days 7 and 14 and 106 + 48 
fmol/mg DNA on days 17 to 21), but the differences 
were not statistically significant. 

Expressed per milligram of protein, the cyclic vari- 
ations were similar, and the values for tritiated Oxy- 
tocin binding were significant by analysis of variance 
(p < 0.05, values not shown). 

Bovine corpora lutea. Tritiated oxytocin binding 
sites were also found in the corpora lutea. The con- 
centrations were very low or nondetectable in early and 
midluteal phase (days 7 and 14, 42 + 35 fmol/mg 
DNA), but in late luteal phase (on days 17, 19, and 21), 
the concentrations of binding sites were significantly 
increased; the mean value for these days was 616 + 93 
fmol/mg DNA (p < 0.005) (Fig. 5). Maximal values 
were observed on day 19 (3740 + 209 fmol/mg DNA}. 
The old corpora lutea present on day 0 had concen- 
trations varying from 263 to 602 fmol/mg DNA. 
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Fig. 3. Concentrations of specific binding sites for tritiated 
oxytocin and tritiated arginine vasopressin in human ovarian 
membrane preparations expressed in femtomoles per milli- 
gram of DNA. Tissues from two to three premenopausal pa- 
tients were combined according to the phase of menstrual 
cycle to obtain sufficient tissue for saturation analysis. Two 
pools were analyzed for oxytocin binding on days 6 and 7 and 
14 to 18, and one pool for oxytocin binding was analyzed on 
days 19 to 28 and for arginine vasopressin binding on days 
14 to 18. Asterisk denotes significant difference from the com- 
bined means of the two other groups analyzed for oxytocin 
binding, p < 0.01. 


No specific binding of tritiated arginine vasopressin 
was found on any day. 

Bovine follicles. The largest follicle was dissected 
from each ovary and analyzed for tritiated oxytocin and 
tritiated arginine vasopressin binding sites. To obtain 
sufficient material for saturation analysis, all follicles 
from the same day of cycle were pooled. High-affinity, 
saturable binding sites for oxytocin were present on 
each day examined. The concentrations per milligram 
of DNA were higher than in the stroma. The concen- 
tration was highest on day 0 (475 fmol/mg DNA) and 
lowest on day 7 (76.2 fmol/mg DNA) and then in- 
creased progressively during the luteal phase to 308 
fmol/mg DNA on day 17 (Fig. 6). Tritiated arginine 
vasopressin was bound with about equal affinity as tri- 
tiated oxytocin on day 0 (the only day examined for 
arginine vasopressin binding) but the concentration was 
about 50% lower than tritiated oxytocin binding, 292.5 
fmol/mg DNA. | 


Comment 


To our knowledge, this is the first demonstration of 
specific binding sites for the neurohypophysial pep- 
tides, oxytocin and arginine vasopressin, in bovine and 
human ovarian tissues. Corpora lutea of pregnant ewes 
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Fig. 4. Concentrations of specific binding sites for tritiated 
oxytocin and tritiated arginine vasopressin in bovine ovarian 
membrane preparations expressed in femtomoles per milli- 
gram of DNA. Large follicles and corpora lutea had been 
removed from the tissues. Values are log-normal mean + SE. 
Results obtained for days 7 and 14 and for days 17 to 21 were 
combined. Asterisks denote groups that differed significantly. 


were recently shown to bind tritiated oxytocin, whereas 
no binding was found in the corpora lutea of non- 
pregnant ewes.” In the nonpregnant cow, binding sites 
for tritiated oxytocin were present in the corpora lutea 
as well as in ovarian stroma and large follicles. The 
competition studies with selected agonists and antag- 
onists with well-defined pharmacologic actions were 
compatibile with the notion that the oxytocin binding 
sites represent biologic receptors. Whether the tritiated 
arginine vasopressin binding sites represent separate 
receptors cannot be stated on the basis of these results. 
The ovarian oxytocin binding sites resemble those in 
the uterus in their affinity to various analogs and in the 
cross-reactivity with arginine vasopressin.’'® 

The results suggest that the two neuropeptides play 


a role in the regulation of ovarian function. Such a role 


has been postulated for oxytocin in sheep and cows on 
the basis of several physiologic observations, including 
the lengthening of estrus cycles in animals immunized 
against oxytocin,” and shortening of cycles in animals 
given injections of oxytocin at appropriate stages of the 
cycles: ? The effects of oxytocin on luteal function 
are best known in the ewe in which the action of oxy- 
tocin is thought to be indirect and mediated by PGF,, 
released from the uterus under the influence of oxy- 
tocin.® "> In the cow, the influence of oxytocin on 
lutea] function is still somewhat controversial. Length- 
ening or shortening of the cycle length has been re- 
ported, depending on the day of cycle oxytocin is ad- 
ministered.'':*° Oxytocin receptors are found in the cow 
endometrium in late luteal phase and around estrus," 
on days when oxytocin has the ability to stimulate PGF,, 
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Fig. 5. Specific binding of tritiated oxytocin to membrane 
preparations from bovine corpora lutea expressed in femto- 
moles per milligram of DNA. Note that ordinate is in pico- 
moles per milligram DNA (fmol x 10°). Asterisk indicates sig- 
nificant differences from all other groups, p < 0.005 (analysis 
of variance). No specific tritiated arginine vasopressin binding 
was observed on any day of cycle. 


release from the endometrium in vitro” and increase 
uterine vein PGF,, levels in vivo.” At least part of the 
oxytocin effect on luteal function in the bovine may 
therefore be mediated by uterine PGF», release as it is 
in sheep. However, our results, suggest that oxytocin 
may also have direct effects on the ovary in general 
and corpus luteum in particular, since the rise in luteal 
oxytocin receptor concentrations was coincident with 
the beginning of the decline in plasma progesterone, 
reported earlier’? and shown in Table II. The failure 
to show significant effects of oxytocin on luteal pro- 
gesterone production in vitro may be a result of the 
fact that most investigators have used luteal tissue ob- 
tained on days 7 to 14, when oxytocin binding sites are 
at their nadir. 

Bovine stromal and human ovarian oxytocin receptor 
concentrations also were increased when luteal regres- 
sion began. The ability of oxytocin to effect the release 
of PGF. from the ovarian stroma has been demon- 
strated in rat ovaries.” Our findings therefore are com- 
patible with a paracrine role for ovarian oxytocin in 
luteolysis in the bovine and possibly in the human. The 
synthesis of oxytocin in bovine,™? ovine,’ and porcine’ 
ovaries and corpora lutea is firmly established, whereas 
the synthesis of oxytocin in primate ovaries is still con- 
troversial.” However, the recent demonstration of oxy- 
tocin production by human granulosa cells in culture 
is a strong indication of the ability of human ovaries to 
synthesize oxytocin de novo.” It is significant that ar- 
ginine vasopressin binding sites also were present in 
human ovaries, since primate ovaries were recently 
found to secrete significantly more arginine vasopressin 
than oxytocin in the late luteal phase.” 
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Fig. 6. Specific binding of tritiated oxytocin and tritiated ar- 
ginine vasopressin to membrane preparation from large bo- 
vine follicles expressed in femtomoles per milligram of DNA. 
All follicles from cews killed on the same day of cycle were 
pooled to obtain sufficient material for sacuration analysis. 
Tritiated arginine vasopressin binding was measured in only 
one pool, consisting of follicles from days 0 end 21 combined. 


The stromal oxytocin and arginine vasopressin re- 
ceptors may also mediate the contractile effects of the 
neuropeptides on the ovary.*"** Myoepzrthelial cells have 
been identified in perifollicular tissue* and contractile 
proteins were identified in thecal cells “ Although the 
localization of oxytocin and arginine vasopressin re- 
ceptors within the ovary remains to be established, the 
smooth muscles like perifollicular cells located in the 
theca are likely sites for such receptors. It is also possible 
that arginine vasopressin receptors are located in ovar- 
ian vascular tissue and are involved in the regulation 
of ovarian blood flow.” It is not yet known whether the 
ovarian arginine vasopressin receptors are of the VPI 
type present in vascular tissue or the uterine type pres- 
ent in endometrium and myometrium.” "° 

The finding of oxytocin binding sites in follicles in- 
dicates that oxytocin may have actions other than the 
luteolytic and contractile effects in ovarian function. 
Oxytocin has been implicated in the Drocess of ovula- 
tion in the rat,” acting perhaps on the outermost theca 
cells expressing muscle characteristics." 

In conclusion, human ovarian tissue and bovine 
ovine stroma, large follicles, and corpora lutea possess 
specific tritiated oxytocin binding sites. With the ex- 
ception of bovine corpora lutea, tritiated arginine va- 
sopressin binding sites were also found in ovarian tis- 
sues. In humans, the concentrations of tritiated argi- 
nine vasopressin binding sites were similar as tritiated 
oxytocin; in the bovine they were somewhat lower. The 
binding sites showed considerable cross-reactivity be- 
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tween the two hormones. The competiton for the spe- 
cific binding of tritiated oxytocin by the two oxytocin 
antagonists suggests that the binding sites represent 
receptors. Their concentrations varied during the es- 
trous cycle and were low in human proliferative phase 
and in early human and bovine luteal phase with a 
significant rise in late luteal phase in both species. These 
variations are compatible with the hypothesis that oxy- 
tocin has a paracrine role in the regulation of luteal 
function in both species. The binding sites in the 
stromal tissue and follicles may also mediate contractile 
responses to the two neuropeptides. The presence of 
high concentrations of binding sites in periovulatory 
follicles suggests that oxytocin and perhaps arginine 
vasopressin may play a physiologic role in follicular 
rupture. 
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Correlation of the testicular determinant factor sequence zinc 
finger Y with varying gonadal phenotypes in a series of 13 
subjects with gonadal dysgenesis due to Y aneuploidy 


Sandra P.T. Tho, MD» Ali Behzadian, PhD,** J. Rogers Byrd, PhD, and 


Paul G. McDonough, MD* 
Augusta, Georgia 


Deoxyribonucleic acid samples from a series of 13 subjects with 45,X/46,X,altered Y, and varying gonadal 
phenotypes (streak-streak, n = 9; streak-testis, n = 2; testis-testis, n = 2) were analyzed for the presence 
of the candidate testicular determinant factor sequence zinc finger Y.' The Y-specific probes Y97 mapped 
to Y centromere, pDP105 A,B mapped to Yp and distal Yqi1, respectively, hybridized with the 
deoxyribonucleic acid from all the 13 study subjects. The same deoxyribonucleic acid samples were 
analyzed for the presence of the zine finger Y sequence. Eleven of the 13 subjects were positive for the 
zinc finger Y sequence. Four zinc finger Y—positive subjects had unilateral (n = 2) or bilateral (n = 2) 
testicular differentiation. Among the nine subjects with bilateral streak gonads, seven showed the presence 
of this sequence. The lack of testicular differentiation in the presence of quantitatively normal or almost 
normal zinc finger Y bands could not be explained by mosaicism alone. Mutations not detectable by 
analysis with the method of Southern with pDP1007, may occur in the testicular determinant factor gene 
vitiating testicular development. (Am J Opstet GYNECOL 1990;163:1968-75.) 


Key words: Testicular determinant factor, zinc finger Y, zinc finger X, mixed gonadal 


dysgenesis, Turner syndrome 


Chromosomal constitutions derived from Y aneu- 
ploidy cover a wide range of 45,X/46,XY mosaicisms 
with varieties of Y morphology including normal Y, 


nonfluorescent minutes, and large fluorescent dicentric . 


fragments. The resultant phenotypes vary from classic 
Turner female with bilateral rudimentary streaks to 
normal male phenotype with bilateral atrophic scrotal 
testes through degrees of sexual ambiguity with uni- 
lateral abdominal streak and contralateral abdominal 
or scrotal testis.*° In rare subjects with typical Turner 
phenotypes, unilateral streak and contralateral testis, 
the expected 45,X cell line may have been lost with 
time. These unique subjects remain nonmosaic 46,XY 
on the basis of chromosomal analysis of multiple tis- 
sues.* ° Conversely, the 46,XYcell ine may disappear 
and the subject remains nonmosaic 45,X, yet carrying 
a unilateral streak gonad and a contralateral testis.° 
There does not seem to be a consistent karyotypical 
gonadotypical correlation because the same degrees of 
mosaicism and similar structural alterations of the Y 
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chromosomal fragments may be associazed with either 
a typical Turner female harboring bilateral streaks or 
a normal male with bilateral scrotal testes or a sexually 
ambiguous individual with classic mixed gonadal dys- 
genesis. Recently, by chromosome walking, Page and 
coworkers’ isolated a 140 kilobase (kb) region of Yp, 
which initially was thought to be the sols testicular de- 
terminant factor gene. A deoxyribonucleic acid (DNA) 
probe, pDP1007, isolated from an exor. of the coding 
region of this gene yields a Y-specific band mapped to 
distal Yp and a smaller molecular weight X-specific 
band mapped to Xp22.1-p22.2. Sequence analysis in- 
dicated that the Y-specific sequence encodes a DNA 
binding protein with zinc finger domains. ‘This se- 
quence has been called zinc finger Y. The homologous 
sequence on X has been referred to as zinc finger X.’ 
Furthermore, zinc finger Y has proved to be conserved 
in most mammals. Despite much controversy," the 
zinc finger Y sequence by its conserved nature and its 
regulatory function appears to play an important role 
in testicular differentiation. 

The frequency of Y chromosomal r2arrangements 
and the lack of karyotype-gonadotype correlation have 
prompted us to assess the presence or absence of the 
zinc finger Y sequence in these structurally compro- 
mised Y-derived fragments. Comparison of molecular 
findings with gonadal phenotypes in a s2ries of 13 sub- 
jects with 45,X/46,X,altered Y is the pr-mary objective 
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of this report. The study also provides a molecular 
deletion mapping of a wide variety of structurally rear- 
ranged Y chromosomes in gonadal dysgenesis due to 
Y aneuploidy. 


Material and methods 


Thirteen of the 22 subjects with gonadal dysgenesis 
and 45,X/46,X,mar karyotype were ascertained to 
carry Y DNA with two Y-specific probes: Y97 mapped 
to Y centromere, pDP105 mapped to Yp and Yqll. 
The remaining nine subjects who were negative for 
these two probes were presumed to harbor X-derived 
markers and were not included in the study. The Y- 
specific probe 4B-2 mapped to Yq11 was used for de- 
lineation of the break points of these Y fragments. The 
13 subjects were also analyzed for the candidate testic- 
ular determinant factor probe pDP1007 and attempts 
were made to compare testicular differentiation with 
the presence of the zinc finger Y sequence. 

DNA probes. Fig. | illustrates the schematic map of 
the Y chromosome with ‘he seven deletion intervals of 
Vergnaud et al.'? and representation of the four Y DNA 
probes used in this study. The cosmid Y97 (DYZ3) iso- 
lated from a cosmid Y library contains one copy of the 
5.5 kb EcoRI fragment of the Y centromere—specific 
alphoid DNA. Human genomic DNA restricted with 
EcoRI and hybridized to the Y97 probe shows a 5.5 kb 
Y-specific band. The probe pDP105 (DYZ4) isolated 
by Page is a 5.5 kb HindIII genomic fragment inserted 
into the HindIII site of pUC13. This probe hybridizes 
with Tag I digested human DNA, yielding a 2.5 kb Y- 
specific band (pDP105/A), marker for interval 3 on Yp, 
and a 5.2 kb Y-specific band (pDP105/B), marker for 
interval 6 on Yq11.“ The probe 4B-2 (DYS15) is a 
recombinant phage construct containing a 3.3 kb single 
copy EcoRI fragment that maps to Yql1. This 3.3 kb 
fragment resulting from EcoRI digest of the recombi- 
nant phage was subcloned into the EcoRI site of plasmid 
pBR322.'° Human DNA restricted with EcoRI and hy- 
bridized to the 4B-2 probe yields the Y-specific 3.3 kb 
band, marker for interval § on Yqll. The probe 
pDP1007 (zinc finger Y, zinc finger X) is a 1.3 kb 
HindIII genomic fragment cloned into the HindIII site 
of pUC]13. It derives from interval 1A2 of the human 
Y chromosome. Genomic human DNA digested with 
EcoRI and hybridized with pDP1007 exhibits a Y- 
specific 3.5 kb band and an X-specific 1.8 kb band, 
mapped to Xp22.]-p22.2.! The cosmid Y97 and the 
plasmids pDP105, 4B-2, and pDP1007 were propa- 
gated, amplifed, and isolated by conventional meth- 
ods.’ The corresponding inserts were released from 
their vectors by restriction digest with the appropriate 
enzymes and purified through electrophoresis, phenol 
extraction, and ethanol precipitation. Before hybridi- 
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Fig. 1. Schematic map of Y chromosome with representation 
of seven deletion intervals of Vergnaud” and four Y-specific 
probes Y97, pDP105, 4B-2, and pDP1007. DYZ2: D = DNA, 
Y = Y chromosome, Z = repetitive copy DNA, 2,3,4 indicate 
published order of specific cloned DNA sequence; DYS/3: 
D = DNA, Y = Y chromosome, S = single copy, 15 indicates 
published order of cloned DNA sequence; ZFY: ZF = Zinc 
finger protein encoding sequence, Y = on Y chromosome. 


zation, the probe pDP1007 was radiolabeled by nick 
translation” and the other three probes by oligonu- 
cleotide random priming” to specific activity of 1 to 
5 x 10° cpm/pg DNA. 

Genomic DNA analysis. Human genomic DNA was 
extracted from peripheral leukocytes from normal con- 
trol 46,XY men, 46,XX women, and from the 13 study 
subjects according to standard techniques. Aliquots of 
DNA were digested with the enzymes EcoRI for probes 
Y97, 4B-2, and pDP1007 and Taq I for the probe 
pDP105, and electrophoresed in 0.8% agarose gels. 
DNA was transferred to Gene Screen Plus filters 
(New England Nucleic Research Products, Boston) by 
the technique of Southern” and baked for 2 hours at 
80° C. The blots were hybridized for 48 hours at 
42° C with formamide to the P-labeled probe pDP1007 
and at 65° C to *P-labeled probes Y97, pDP105, and 
4B-2. The blot hybridized with pDP1007 was washed 
at 55° C with decreasing concentrations of sodium 
chloride-sodium citrate (2 x sodium chloride-sodium 
citrate to 0.2 x sodium chloride-sodium citrate) and 
1% sodium dodecy! sulfate. The blots hybridized with 
the other three probes were washed at high stringency 
conditions at 65° C with decreasing concentrations of 
sodium chloride-sodium citrate (2 X sodium chloride- 
sodium citrate to 0.2 X sodium chloride-sodium ci- 
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Table I. Tabulated clinical, cytogenetic, and molecular data on 13 study subjects , 







Age at first 
visit or 
Case | consultation 





Phenotype 





Female with 
BSG 

Female with Rt, 
intraabdominal 
SG 
Lt. scrotal testis 

Female with Rt. 
intraabdominal 
SG - 
Lt. intraabdom- 
inal testis 

Female with 
BSG 

Female with 
BSG 

Female with bilat- 11 
eral intraab- 
dominal testes 
(Lt. sliding 
hernia) 

' Female with 

BSG 

Female with 
BSG 

Female with 
BSG 

Female with 
BSG 

Female with 
BSG 

Female with 
BSG 

Male bilateral 
scrotal 
testes 


50 


84 idicYq 


4 16 
5 14 


6 4 months 


22 
28 


Cells 
% 46X, altered Y | counted 
6 50 


50 


50 


50 













Morphology of 





Y97 4B-2 | pDP1007 
EcoRI | pDP105 Taq I | EcoRI | EcoRI 
+ + 


altered Y 
marker A+,B+ oe 
marker + A+ ,Bt+ ~ +. 
idic(Y)qter>pll:: + A+,B+ 4 + 
pli-qter 
marker + A+ B+ + + 
marker i + A+ B + + 4 
marker + A+,Bt+ = + 
marker + ÀA+,B+ a oa 
marker ) + A+,B+ os a 
ring(?) + A+,B+ — + 
marker + A+,B+ + -+ 
marker + A+,B+ — + 
idic(Y)pterql2:: + A+,Bt . + + 
q12->pter 
marker + A+,B+ — + 


BSG, Bilateral streak gonads; Ri.SG, right streak gonad; Li.SG, left streak gonad; marker, ill-defined chromosomal fragment; 


ring(?), ring of unknown origin. 


*Patients with dysgenetic tumors; patients 7, 9, and 11, gonadoblastoma; patient 8, dysgerminoma. 


trate) and 1% sodium dodecyl sulfate. Autoradiographs 
were obtained by exposing the membranes with inten- 
sifying screens at — 80° C from | to 3 days to Kodak 
XAR-5 film (Eastman Kodak Company, Rochester, 
N. Y.). 

Specific experiments 


Experiment I. Dilutional get for probe pDP105. Decreas- 


ing amounts of normal 46,XY male DNA (5 to 0.025 
ug) were mixed with normal 46,XX female DNA, di- 
gested with Tag I enzyme, and hybridized to the *P- 
labeled pDP105 probe at 65° C for 48 hours (5 
we/lane). 

Experiment II. Dilutional gel for probe pDP1007. De- 
creasing amounts oi normal 46,XY male DNA (5 to 
0.025 wg) were mixed with normal 46,XX female DNA, 
digested with EcoRI enzyme, and hybridized to the *P- 
labeled pDP1007 probe at 42° C with formamide for 
48 hours (5 wg/lane). 


Experiment III. EcoRI digest and pDP1007 probing of 
DNA from the 13 study subjects. The clinical, cytogenetic, 
and molecular data are tabulated in Table I. 

Clinical data. The clinical phenotype of the 13 sub- 
jects ranges from phenotypic male with bilateral scrotal 
testes (No. 13) to classic Turner phenotype with bi- 
lateral streak gonads (n = 9) and sexually ambiguous 
individuals (No. 2, streak-scrotal testis; No. 3, streak- 
abdominal testis; No. 6, bilateral abdominal testes), The 
three latter subjects, each wich a vagina and a uterus 
on.vaginoscopy and urethroscopy, have been reared as 


- females and underwent clitoral resection and bilateral 


gonadectomy. Gonadal tumer occurred in four of the 
13 subjects. In 3 subjects, a gonadoblastoma developed 
in one of the streaks (No. 7, No. 9, and No. 11) and 
the remaining one had a unilateral dysgerminoma 
(No. 8). 

Cytogenetic studies. Chromosomal analysis was per- 
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Fig. 2. Composite of four dilutional gels for probes 4B-2, Y97, pDP105, and pDP1007. All four 
dilution experiments were conducted in same fashion. Each lane contained 5 pg of DNA digested 
by appropriate enzymes and the blots of these four dilutional gels were hybridized separately to the 
four probes. First lane on left contained only male DNA (5.0 ug, or 100% male DNA). Next lane 
contained 2.5 ug male DNA (2.5 ug or 50% male DNA). Proportion of male DNA (M) gradually 
decreases to 0.5%. Y-specific 3.3 kb band with 4B-2 is seen at levels as low as 0.025 ug or 0.5% male 
DNA; 5.5 kb band with Y97 at 0.050 ug or 1% male DNA; 5.2 kb and 2.5 kb bands with pDP105 
at 0.125 wg or 2.5% male DNA and 3.5 kb band with zinc finger Y at 0.250 pg or 5% male DNA. 


formed on peripheral leukocytes in all subjects. Be- 
cause cytogenetic studies on gonadal and nongonadal 
tissues are not available in some patients and because 
there are no good correlations between the numeric 
prevalence of the 46,XY cell line and testis formation,’ 
the current investigation is limited to peripheral blood 
cells. A minimum of 50 cells was counted and five cells 
were karyotyped in each study sample. G-, Q-, and C- 
banding was carried out in all 13 cases. The altered 
sex chromosome was cytogenetically identified as Y- 
derived only in patient No. 3 who carries a large flu- 
orescent isodicentric Y with undetermined break point 
on Yp. In patient No. 12, the sex chromosome was 
presumed to be Y-derived on the basis of the presence 
of a bright fluorescent band in the middle of an en- 
larged chromosome long arm. All the remaining cy- 
tologically altered chromosomal fragments were uni- 
dentifiable by conventional cytogenetic techniques. 
DNA analysis of the study subjects. Aliquots of 10 
ug of DNA from the 13 subjects with gonadal dysgen- 


esis due to Y aneuploidy were analyzed with the four 
probes Y97, pDP105, 4B-2, and pDP1007. 


Results 

Experiment I. In dilution studies, the probe pDP105, 
a marker of interval 3 on Yp and of interval 6 on Yq11, 
may detect 125 ng of male DNA in mixture with 4.875 
wg of female DNA (2.5%) (Fig. 2). We previously 
showed that the Y centromere—specific probe Y97 may 
detect 50 ng of male DNA in mixture with 4.950 pg 
female DNA (1%) and that the probe 4B-2, a marker 
for Yql1, may detect 25 ng of male DNA in mixture 
with 4.975 wg of female DNA (0.5%) (Fig. 2). 

Experiment II. In dilution studies the probe 
pDP1007 mapped to distal Yp may detect 250 ng of 
male DNA in mixture with 4.750 wg of female DNA 
(5%) (Fig. 2). 

Experiment III. (1) Southern analysis clearly showed 
the Y centromeric 5.5 kb EcoRI band with the Y 
centromere—specific probe Y97 in all 13 subjects. The 
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Fig. 3. Autoradiograph of EcoRI digest and Y97 probing of 13 study subjects (Nos. 1 to13). Cen- 
tromeric Y-specific 5.5 kb EcoRI band is evident in control males (cm) and in all 13 subjects. It is 


absent in control females (cf). 


cm cf 1 





2345 678 3 WD 


11 7 33 cacti 


Mit 





Fig. 4. Autoradiograph of Taq I digest and pDP105A/B probing of 13 study subjects. Y-specific 2.5 
kb Taq I band, marker of interval 3 of Yp (pDP105/A), and 5.2 kb Taq I band, marker of interval 
6 of Yql1 (pDP105/B), are seen in control males (cm) and in all 13 subjects. They are absent in 


control females (cf). 


intensity of the bands is in gross agreement with the 
importance of the mosaic Y cell lines (Fig. 3); (2) the 
Y-specific 2.5 kb Taq I hybridization band with the 
pDP105/A sequence, marker of Yp at interval 3, 
and the 5.2 kb Taq I hybridization band with the 
pDP105/B sequence, marker of Yq11 at interval 6, are 
also evident in all 13 subjects. The intensity of these 
two bands is mostly consistent with the percentage of 
the mosaic Y-bearing cell lines ( Fig. 4); (3) the Y-specific 
3.3 kb EcoRI hybridization band with the 4B-2 probe, 
marker of Yq11, is present only in six of the 13 study 
subjects. The break point in four (No. 1, No. 4, No. 5, 
and No. 10) of these six subjects is probably at the Yq11- 
Yq12 junction. In the fifth subject (No. 3), Yq is intact 
and the break point would be in terminal Yp. Fusion 
of the two Y chromosomes at their break points results 
in the formation of a isodicentric Y. In the sixth subject 
(No. 12), the break point is within Yq12 and fusion of 


the two Y chromosomes at their break points results in 
an unusual isodicentric Y chromosome with a fluores- 
cent band in the middle of an enlarged derivative Yq. 
In the seven 4B-2—negative subjects the break point 
would be at the junction of the pDP105/B and the 4B- 
2 sequences within distal Yql1 (Fig. 5); (4) the Y- 
specific 3.5 kb EcoRI hybridization band with the 
pDP 1007 probe is present in 11 of the 13 study subjects. 
The intensity of the band is compatible with the 
proportion of Y cells in nine of the 11 zinc finger 
Y—positive subjects. In the tenth subject (No. 1), the 
band is darker than expected and in the eleventh 
subject (No. 10), the band is lighter than expected 
(Fig. 6). 

The two zinc finger Y—negative subjects seem to have 
a more extensive deletion involving both Y long and 
short arms leading to the formation of two minuscule 
fragments that did not stain on C-banding and were 
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Fig. 5. Autoradiograph of EcoRI digest and 4B-2 probing of 13 study subjects. Y-specific 3.3 kb 
EcoRI band, marker of Yq11, is shown in control males (em) and in six study subjects (Nos. 1, 3, 4, 
5, 10, and 12). It is absent in control females (cf) and in remaining seven study subjects. 
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Fig. 6. Autoradiograph of EcoRI digest and pDP1007 probing of 13 study subjects. Y-specific 3.5 
kb EcoRI (zinc finger Y) band is present in control males (em) and 11 of 13 subjects with Y aneuploidy. 
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It is absent in control females (cf) and in two subjects (Nos. 7 and 8) whose Y chromosomes are 
barely perceptible fragments. Phenotypically normal male (No. 13) and two typical Turner females 


(Nos. 11 and 12) have normal zinc finger Y bands. 


thought to be “acentric” before molecular studies. Both 
subjects harbor bilateral streak gonads. 

Among the 11 zinc finger Y—positive subjects, 7 were 
found to have only bilateral streak gonads; four had 
testicular differentiation ranging from bilateral scrotal 
testes with normal male phenotype (No. 13) to bilateral 
abdominal testes (No. 6) or unilateral testis (Nos. 2 and 
3). The zinc finger Y band is normal in the subject with 
male phenotype (No. 13). It is almost normal in the 
subject with dic(Y) and unilateral abdominal testis (No. 
3). However, the other two subjects (No. 2) with uni- 
lateral scrotal testis and (No. 6) with bilateral abdominal 
testes had a much reduced zinc finger Y band. Con- 


versely among the seven zinc finger Y—positive subjects 
who harbor bilateral streaks, two had normal zinc finger 
Y bands (Nos 11 and 12), two a moderately reduced 
band (Nos. 1 and 5), and three had a significantly re- 
duced zinc finger Y band (Nos. 4, 9, and 10). 


Comment 


Two thirds of XX males harbor on their paternal X, 
DNA material from the paternal Y chromosome short 
arm including the critical 140 kb region that is the 
candidate testicular determinant factor gene. Con- 
versely, a few XY females with molecular deletions of 
Yp have been reported with Turner phenotype and 
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bilateral streak gonads.*°*? The most conserved exon 
of the putative testicular determinant factor gene, 
represented by the zinc finger Y sequence (probe 
pDP1007), encodes a transcription protein with zinc 
finger domains.’ The mechanism of testicular deter- 
mination and the biochemical function of zinc finger 
Y are still unclear because it is unknown what these 
zinc fingers regulate. Cases of absence of Y sequences 
in 45,X mixed gonadal dysgenesis and integrity of Y 
DNA in a nonmosaic 46,XY subject with unilateral 
streak and contralateral testis’ would suggest that mo- 
saicism alone cannot account for a complete or partial 
failure of testicular differentiation in several subjects 
with Y aneuploidy. One might argue that the gonadal 
phenotype depends on the relative prevalence of 46,XY 
cells versus 45,X cells in the gonad during embryonic 
development. One might also argue that the gonadal 
phenotype in typical mixed gonadal dysgenesis may 
theoretically reflect the relative prevalence of the 45,X 
cell line in the adult streak gonad versus the prevalence 
of the 46,XY cell line in the adult testis. Neither of 
these theories is supported by data and both would 
exclude Y chromosomal or Y gene mutations as the 
primary cause of abnormal gonadal differentiation. 
The large number of cytologically abnormal Y chro- 
mosomes in these subjects supports Y molecular rear- 
rangements and makes one suspect Y gene mutations. 

This is the first report of which we are aware that 
assesses the molecular integrity of Y DNA in a large 
series of subjects with gonadal dysgenesis with differing 
segments of the Y chromosome conserved and corre- 
lates the conserved segments with the presence of zinc 
finger Y. All 13 subjects harbor the Y centromere and 
Yp up to interval 3 (pDP105/A) and Yq down to distal 
interval 6 (pDP105/B) (Table I; Figs. 1, 3, and 4). Only 
two subjects lost the zinc finger Y sequence on distal 
Yp (Nos. 7, and 8) and both had only bilateral streak 
gonads (Table I, Fig. 6). No subject was identified as 
having testes and lacking the zinc finger Y sequence. 
All subjects (n = 4; Nos. 2, 3, 6, and 13) with unilateral 
or bilateral testes are positive for this sequence (Table 
I, Fig. 6). The phenotypically normal male with bilateral 
scrotal testes does have a normal zinc finger Y band 
(No. 13), whereas one of the three sexually ambiguous 
subjects shows almost a normal zinc finger Y band (No. 
3). However, the remaining two sexually ambiguous 
subjects exhibit reduced zinc finger Y bands (Nos. 2 
and 6). Conversely, the seven subjects with complete 
failure of testicular differentiation and bilateral streak 
gonads (Nos. 1, 4, 5, 9, 10, 11, and 12) are also positive 
for the zinc finger Y sequence. It is intriguing that four 
of these subjects shows moderate size (Nos. 1 and 5) to 
normal size (Nos. 11 and 12) zinc finger Y bands and 
they still failed to have any testicular development. For 
the remaining three (Nos. 4, 9, and 10) the zinc finger 
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Y bands are as reduced as for the subject with unilateral 
scrotal testis (No. 2) and the subject with bilateral ab- 
dominal testes (No. 6). 

The lack of testicular development in subjects who 
carry the sequence suspected to be testicular determi- 
nant factor may be attributed to quantitative or quali- 
tative factors. The quantitative factor involves a critical 
threshold of genetically normal Y-bearing cells during 
early embryogenesis. The qualitative factor is related 
to qualitative changes in structural or regulatory genes 
involved in the testicular differentiation pathway. It is 
almost impossible to assess the quantitative factor. This 
report, which shows the complete lack of testicular de- 
velopment despite the presence of apparently adequate 
amounts of zinc finger Y sequence, and, conversely, 
testis development despite significantly reduced zinc 
finger Y, suggests that mosaicism per se may not com- 
pletely account for lack of testicular development. This 
assumption is further supported by sporadic case re- 
ports of nonmosaic 46,XY mixed gonadal dysgenesis 
with all Y DNA sequences preserved.’ The lack of tes- 
ticular development in this situation should raise the 
possibility that point mutations, frame shift mutations, 
not detectable by Southern analysis with pDP1007, may 
occur in the structural and regulatory portions of the 
testicular determinant factor gene, vitiating testicular 
development. 

Palmer et al.,'' in a continuing evaluation of the Yp 
region, identified sequences distal to but not including 
the testicular determinant factor region of Page that 
are exclusively present in a small subset of zinc finger 
Y—negative XX males. Four of these 14 zinc finger Y— 
negative XX males were found positive for three Y- 
specific pseudoautosomal boundary probes. However, 
none of the four patients had the classic phenotype of 
XX males. Palmer et al. reaffirm the current contro- 
versy between the zinc finger Y locus by Page and the 
pseudoautosomal boundary region as the potential tes- 
ticular determinant factor candidate. In the female 
withY;22 translocation and bilateral streak gonads used 
by Page for the isolation of testicular determinant fac- 
tor, the 140 kb testicular determinant factor region is 
absent but the pseudoautosomal boundary region locus 
preserved. Palmer et al. excluded position polymor- 
phism only on the basis of a population of 150 controls. 
This controversy only points out the need for further 
studies of both the candidate testicular determinant 
factor locus of Page and the pseudoautosomal bound- 
ary region locus of Palmer. Most importantly the zinc 
finger Y sequence of Page encodes a protein with zinc 
fingers that have DNA binding properties. The pseu- 
doautosomal boundary region described by Palmer 
et al. is not known to encode protein products. 

This report also provides the deletion map of a wide 
variety of rearranged Y chromosomes seen in the Y 
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aneuploidy syndrome. It is interesting that most break 
points are limited to distal Yql1 or to Yq12 and that 
the zinc finger Y locus is spared even in Yp deletions 
(Nos. 3 and 9). The most extensive deletions as in sub- 
jects Nos. 7 and 8 are associated with gonadal neoplasia. 
The comparison between molecular genotype and go- 
nadotype in these subjects with a wide variety of altered 
Y chromosomes provides an important body of primary 
data for further investigations of the role of zinc finger 
Y and of the pseudoautosomal boundary region in tes- 
ticular determination. Analysis of the DNAs of these 
subjects with different gonadal phenotypes with the use 
of different exons from both the putative testicular 
determinant factor region of Page and the pseudoau- 
tosomal boundary region of Palmer should be the sub- 
sequent steps to clarify the role of Y sequences in ini- 
tiating human testicular differentiation. 


We gratefully acknowledge Dr. David Page for pro- 


viding the probes pDP105 and pDP1007, Dr. Robert | 


Erickson for providing the probe Y97, and Dr. Kirby 
Smith for providing the probe 4B-2. 
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Isolation and characterization of the gene from a human 
genome encoding 17-estradiol dehydrogenase: A comparison 
of Jar and BeWo choriocarcinoma cell lines 


Cecil A. Long, MD,*.Gregory S. Bauer," Mark E. Lowe, MD, PhD,” Arnold W. Strauss, MD,”* and 


Michael J. Gast, MD, PhD* 


St. Louis, Missouri 


17-8-Estradiol dehydrogenase is required for the enzymatic interconversion of estradiol and its weaker 
related sex steroid, estrone. We isolated and sequenced a complementary deoxyribonucleic acid clone for 
17B-estradiol dehydrogenase from the BeWo choriocarcinorna cell line. Comparison of the BeWo 
complementary deoxyribonucleic acid sequence to a previously derived placental complementary 
deoxyribonucleic acid sequence yields >98% homology. We also isolated the gene for 178-estradiol 
dehydrogenase from the Jar human choriocarcinoma cell line and elucidated its primary nucleic acid 
structure. Significant differences in the Jar-deduced complementary deoxyribonucleic acid sequence 
clearly differentiate it from both the human placental and BeWo forms of 178-estradiol dehydrogenase, 
indicating the existence of two genes for +7B-estradiol dehydrogenase in the human genome. Evaluation 
of 178-estradiol dehydrogenase gene expression in BeWo and Jar cells was compared with expression in 
luteinized granulosa cells. Messenger ribonucleic acid for human placental 178-estradiol dehydrogenase 
was identified in all three cell types as a 1.3 kilobase band on Northern blot analysis. A second messenger 
ribonucleic acid species measuring 2.1 kilobase was abundantly present in the granulosa celis. Whether 
these two species of messenger ribonucleic acid are involved in the regulation of the estradiol 
dehydrogenase genes is yet to be determined. (Am J Osstet QynecoL 1990;163:1976-81.) 


Key words: 17$-Estradiol dehydrogenase, choriocarcinoma, estrogen metabolism 


176-Estradio! dehydrogenase (synonym, 17- 
ketosteroid oxidoreductase) occupies a pivotal position 
in the enzymatic cascade catalyzing the terminal step 
of estrogen biosynthesis. The enzyme is necessary for 
the reversible interconversion of estradiol and its 
weaker related steroid, estrone. It has also been sug- 
gested that the same enzyme may play a role in the 
interconversion of androstenedione and testosterone. 
176-Estradiol dehydrogenase may be involved in fe- 
male well being in many widely varied areas including 
maintenance of bone and tissue integrity in meno- 
pause, control of the initiation of labor, uterine 
quiescence, and the ovarian-hypothalamic feedback 
system. In addition, 17B-estradiol dehydrogenase de- 
ficiency, although rare, can lead to male pseudoher- 
maphroditism.' 
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The amino acid composition and biophysical prop- 
erties of 178-estradiol dehydrogenase have been elu- 
cidated through gel chromatography and active site 
topographic study with radioalkylated steroids and co- 
factors.** The enzyme exists as a 68,000-dalton dimer 
and uses pyridine nucleotides as cofactors. Activity of 
178-estradiol dehydrogenase has been shown in a wide 
variety of steroidogenic and nonsteroidogenic tissues; 
however, the most focused investigations have been 
with human placental 17f-estradiol dehydrogenase. 

Specific activities of 17f-estradiol dehydrogenase 
from placenta and established gestational choriocarci- 
noma cell lines have been measured.’ Although variable 
levels of 178-estradiol dehydrogenase activity can be 
obtained in placental tissue, JEG-3, and BeWo cells, no 
17B-estradiol dehydrogenase activity is noted in Jar 
cells. In addition, Western blot analysis has failed to 
show the presence of immunodetectable placental 17f- 
estradiol dehydrogenase-type enzyme in Jar cells.” To 
our knowledge, no mechanism has been established to 
explain the enzyme deficiency in the Jar cell line. 

Three differing human placental 17f-estradiol de- 
‘hydrogenase complementary deoxyribonucleic acid 
(cDNA) clones, including our own,°** have previously 
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been isolated and sequenced. Sequence comparison of 
the clones reveals >95% homology. In situ hybridiza- 
tion studies’ suggest that the human gene encoding 
17$-estradiol dehydrogenase is located on the long arm 
of chromosome 17. The present investigation was un- 
dertaken to isolate and characterize the gene encoding 
176-estradiol dehydrogenase from a human genomic 
library, as well as dehne and compare gene expression 
in tumor cell lines with that of normal cells. 


Methods 


Isolation and DNA sequence analysis of BeWo 
cDNA and Jar genomic DNA. A cDNA library derived 
from messenger ribonucleic acid (mRNA) isolated from 
BeWo cells was constructed in the bacteriophage vector 
AgtlO. Initial screening of the library was performed 
with a phosphorus 32—labeled 1100 base pair cDNA 
fragment from a human placental 17f-estradiol de- 
hydrogenase clone, which we previously isolated and 
characterized.® 178-Estradiol dehydrogenase—bearing 
plaques were purified by repeated screening with a 
modified version of the technique of Wahl and Berger.’ 
Several of the clones were then amplified, their phage 
DNA was subjected to restriction endonuclease diges- 
tion, and they were subcloned into the sequencing vec- 
tor pGEM4Z (Promega, Inc., Madison, Wis.). The larg- 
est of these clones measured 1.4 kilobases (kb) and was 
used for sequencing and subsequent library screening 
procedures. Sequencing was performed by a modifi- 
cation of the dideoxy chain termination method of San- 
ger with T7 DNA polymerase (Pharmacia, Piscataway, 
N.J.). Universal and specific synthetic oligonucleotides 
were used as sequencing primers. 

A human genomic DNA library derived from the Jar 
choriocarcinoma cell line was provided by Dr. Irving 
Boime (Washington University, St. Louis). The library 
was screened with an 1100 base pair BeWo choriocar- 
cinoma cDNA probe derived by Bam H1 digestion of 
the 1.4 kb clone. Once again, labeled plaques were lifted 
and further purified by rescreening at progressively 
lower plaque densities until several homogenous pos- 
itive phage populatiors were identified. Three clones 
were then amplified and their phage DNA subjected to 
multiple restriction enzyme digestion. Southern blot 
analysis with the comp:ete Be Wo cDNA as well as frag- 
ments from both its 5’ and 3’ ends suggested that the 
entire Jar 178-estradiol dehydrogenase gene was pres- 
ent in a single 6.0 kb fragment restricted by the enzyme 
Kpn J. This Kpn fragment and a smaller 1.7 kb Sac 
fragment that also hybridized to the 5' end of the Be Wo 
clone were then subcloned and sequenced by dideoxy 
chain termination. 

RNA isolation and Northern blot analysis. Two dif- 
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ferent human choriocarcinoma cell lines, BeWo and 
Jar, were obtained from the American Type Culture 
Collection. Both of these gestational choriocarcinoma 
lines were developed: from metastatic choriocarcinoma 
after a normal term birth.'*!' The cells were cultured 
in Dulbecco’s modified Eagle’s medium enriched with 
15% fetal calf serum. Luteinized granulosa cells were 
obtained from follicle aspirations of patients under- 
going ovarian hyperstimulation for in vitro fertilization. 

Total RNA was isolated from BeWo, Jar, and gran- 
ulosa cells by single-step guanidinium thiocyanate- 
chloroform extraction.’ Fifteen micrograms of total 
RNA from each sample was separated on a 1.5% 
agarose—0.66 molar formaldehyde denaturing gel and 
transferred to a Gene Screen membrane (Biotechnol- 
ogy Systems NEN Research Products, Boston, Mass.). 
Overnight hybridization at 42° C was performed with 
a P-labeled 1100 base pair BeWo fragment. The blot 
was then taken through a series of washes of increasing 
stringency with the final wash in 0.1X standard saline 
citrate/0.1% sodium dodecylsulfate at 65° C for 1.5 
hours. Membrane filters were autoradiographed on 
Kodak X-omat film for up to 24 hours. 

High specific activity 5’-a*S-deoxyadenosine 
triphosphate (>1000 Ci/mmol) and 5'-a”P- 
deoxycytidine triphosphate (>3000 Ci/mmol) were ob- 
tained from Amersham (Amersham, United King- 
dom). Plasmid pGEM4Z was obtained from Promega. 
All reagent grade chemicals were obtained from Sigma 
Chemical (St. Louis). | 


Results 


Isolation and characterization of human BeWo 178- 
estradiol dehydrogenase cDNA. The screening of 
0.6 x 10° plaques from a cDNA library derived from 
a human BeWo choriocarcinoma cell line with an 1100 
base pair human placental 17ß-estradiol dehydroge- 
nase CDNA probe yielded 15 positive signals. Southern 
blot analysis confirmed that the cDNA sequence from 
the BeWo cell line corresponding to the human pla- 
cental cDNA was contained in a 1.3 kb EcoRI fragment 
(data not shown). The 1.3 kb insert from this cDNA 
clone was isolated and the entire nucleotide sequence 
was determined (Fig. 1). Comparison of the BeWo 178- 
estradiol dehydrogenase cDNA with the placental 
cDNA sequence established previously? revealed >98% 
homology, with complete homology in the substrate 
and cofactor binding domains. ` 

Isolation and characterization of human Jar 17- 
estradiol dehydrogenase genomic clone. Screening of 
0.6 x 10° plaques from a Jar choriocarcinoma genomic 
library generated three positive signals. A single 6.0 kb 
Kpn I fragment contained the eritire cDNA sequence 
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Fig. 1. Sequencing strategy for the BeWo l7B-estradiol dehydrogenase cDNA clone. Sequencing was 
carried out by a modified dideoxy nucleotide technique with “S-labeled deoxyadnenosine triphos- 
phate. Universal primers and specific synthetic oligonucleotides were used as primers for sequencing 
reactions. The relative locations of steroid and cofactor binding sites and polyadenylation site are 


identified. 
COFACTOR BINDING SUBSTRATE BINDING 
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Fig. 2. Characterization and sequencing for the Jar 17®-estradiol dehydrogenase gene. The six 
encoding exons are represented by striped boxes. Nontranscribed regions are represented by solid 
lines. Relative locations of the substrate and cofactor binding sites are identified. ATG start codon 
and premature TAA stop codon are also noted. 


of the BeWo 178-estradiol dehydrogenase as deter- 
mined by Southern blot analysis (data not shown). This 
Kpn fragment was placed into the plasmid vector 
pGEM4Z and sequenced by dideoxy chain termination. 
The human gene encoding for 17B-estradiol dehydro- 
genase contains at least six exons and spans approxi- 
mately 2.4 kb of human genomic DNA (Fig. 2). The 
protein-encoding exons range in size from 72 to 555 
base pair, whereas introns vary in length from 70 to 
497 base pair. The nucleotide sequences surrounding 
intron-exon junctions correspond to those predicted by 
cDNA comparison, as well as published consensus se- 
quences.” Each donor splice site begins with GT, 
whereas each acceptor splice site ends with AG. A con- 
sensus polyadenylation sequence (AATAAA), which de- 
lineates the 3‘ end of the sixth and final exon of this 
gene, is also identified. 

A composite nucleotide sequence representing the 
putative Jar cDNA encoding 17 -estradiol dehydro- 
genase was deduced from the genomic sequence and 
was compared with the BeWo choriocarcinoma cDNA 
(Fig. 3). Differences between the BeWo cDNA and Jar- 
deduced cDNA fell into three general categories. The 
first category included random point changes that were 
seen throughout the cDNA sequences. Second, two ma- 
jor deletions were noted in the Jar-deduced cDNA, a 


9 base pair deletion within exon 3 and a 24 base pair 
deletion corresponding to the midportion of exon 6. 
The third important difference was a single point 
change from cytosine to thymine midway through exon 
5, which would act to produce an in-frame TAA stop 
codon in the Jar gene product. 

RNA blot hybridization analysis. To perform 
Northern blot analysis for the evaluation of transcrip- 
tion of the 178-estradiol dehydrogenase gene in the Jar 
cell line, total RNA was extracted from BeWo and Jar 
cells as described in the Methods section. For a non- 
cultured, nonneoplastic control, RNA from luteinized 
granulosa cells was also extracted and analyzed. The 
Northern blot was probed with the previously described 
1100 base pair fragment constructed from the 3° end 
of the BeWo cDNA (Fig. 4). A single dark band was 
found in the BeWo lane corresponding to an RNA of 
approximately 1.3 kb, which is identical to results ob- 
tained when analyzing placental RNA. In the Jar lane, 
a similar 1.3 kb RNA is also present. Slightly reduced 
density of this signal in the Jar lane may reflect modestly 
decreased homology of the Jar mRNA to the placental 
RNA. Two radiolabeled bands are noted in the gran- 
ulosa cell lane—one corresponds to the placental 17B- 
estradiol dehydrogenase RNA of 1.3 kb and the second 
corresponds to a larger homologous RNA of 2.1 kb. 
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Exon 1 


Jar gene cDNA (deduced) 
ATGGCCTCGACCGTGGTGCTCATCACCGGCTGTTCCTCAGGTATTGGCCTGCACT-GGCAATACATCTGGCTTTGGACCCATCCCAGAGCTTCAAAG 
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ATGGCC—- CGACCGTGGTGCTCATCACCGGCTGTICCTCGGGCATCGGCCTGCACTTGGCCGTACGTCTGGCTTCAGATCCATCCCAGAGCTE CAAAG 
BeWo cDNA 


Exon 2 
TGTATGCCACGTTGAGGGACCTGAAAACACAGGGCCGGCTGTGGGAGGCEGCCOEGGCCOTGGCATGCCCTCAGGGATCCCTGGAGAGGTTGCAGCT 
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TGTATGCCACGTTGAGGGACCTGAAAACACAGGGCCGGCTGTGGGAGGCGGC-—-GGCCCTGGCATGCCCTCCGGGATCCCTGGAGACGTTGCAGCT 
CGATGTAGGA-ACTCAAGCTCCCTGGCCGCTGCCCGGGAACGCGTGACCGAGGGCCGTGTGGATGTGCTGG 
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GGACGTAAGGGACTCAAAATCCGTGGCCGCTGCCCGGGAACGCGTGACTGAGGGCCGCGTGGACGTGCTGG 


l Exon 3 
TGTGTAACACAGGC-—-~——-CTGGGCTGCTGGGGCCGCTGGGGGAGGACGCCGTGGCCTCTGTACTGGATGTGAATGOTAGTAGGTACTGTGCGGGTGCT 
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TGTGTAACGAGGCCTGGGCTGGGGCCGCTGGAGGCCTGGGGGAGGACGCCGTGGCCTCTGTGCTGGACGTGAATGTAGTAGGGACTGTGCGGATGCT 
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GCAGGCCTTCCTGCCASACATGAAGAGGCGCGGTTCGGGACGCGTGTTGGTGACCGGGAGCGTGGGAGGATTGATGG 


Exon 4 
GGCTGCCTTTCAATGACGTTTATTGCGCCAGCAAGTTCGCGCTCGAAGGCTTATGCGAGAGTCTGGCGGTTCTGCTGCTGCCCTTIGGGGTCCA 


GGCTGCCTTTCAATGACGTTTATTGCGCCAGCAAGTTCGCGCTCGAAGGCTTATGCGAGAGT CTGGCGGTTCTGCTGCTGCCCTTTGGGGTCCA 


Exon 5 
CGTGAGCCTGATCGAGTGCGGCCCTGTGGACACCGECCTITCATGCAGAAGGTGTTGGGCGGTCCCGACCAGGTGATGGACCGCACGAACACCCGGACE 


aa wo eo Se @enewrenre “ss 2 @ am. ee = = we ee wee ee = ec seo ee oe HH BP eee s. 2:3, re = >» + 
rr a ee ee ee a ae ee a a ee a a ey vao +. a ee ee ee ee ee ee 2 a re ee ee ee ee ee ee ee on - ar >r.» a ose eee wee we a ant 


CTTGAGCCTGATCGAGTGCGGCCCAGTGCACACCGCCTTCATGGAGAAGGTGTTGGGCAGCCCAGAGGAGGTGCTGGACCGCACGGACATCCACACC 
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TTCCACCGCTTCTACCAATACCTCGCCCACAGCAAGCAAGTCTTTCGCGAGGCGGCGCAGAACCCTGAGGAGGTG 


Exon 6 
AGCTCCTCTCCCGCCGCCGCAGGTCTTCCTCACCGCTATGCGCGECCCCGAAGCCGACCCTGCGCTACTTCACAACCAGGCGCTICCTGCACCAGCTG 
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CGGATGCGCCTGGACGACCCCAGCGGCTCCAACTACGTCACCGCCATGCACCGGGAAGTGTTCGGCGACGTTCCGGCAAAGGCCGAGGCTGGGGCCA 
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GTGGGGGCGGGGCCGGGT CTGGGGCAGAGGACGAGGCCGGGCGCAGTGCGGTGGGGGACCCTGAGCTCGGCGATCCTCCGGCCGCCCCGCAGTAAAG 
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AGATAGATCGCGTTAGCCAGTTTTACCAGCGCAGCTAGGCGCGATCG— TGTCGCCTGTAATGCCAGCGCTTTGGGAGGCGGAGGCAGGAGGATCGCT 
scab ec a ein ae meek aah eae ha ir CAEAG T IRCANEA 


Cr ed . 


CAAGCCCCGGAGTTGGAGACCAGCCAGAGCAACACAGTGAGACCCCC~ ATCTCTACAAAAATAAAGAAAATTT AAAAAT CAAAAAAAAAAAAAAA 


Fig. 3. Comparison of the nucleotide sequence of the BeWo cDNA encoding 17B-estradiol dehy- 
drogenase (bottom) with the cDNA sequence deduced from.the 17-estradiol dehydrogenase gene 
from a Jar cell line (above). Assignment of putative exons was made on the basis of locations of 
consensus donor and acceptor splice sequences and the known sequence of BeWo and placental 
cDNAs. Colons between sequences indicate identity of bases at respective poe in the sequence. 
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Comment junctions predicted by this data and by the homology 

We isolated and sequenced a cDNA clone encoding of the Jar cell line to the human placental cDNA are 
17B-estradiol dehydrogenase from the BeWo chorio- in complete agreement with the AG-CT rule.” 
carcinoma cell line. A genomic DNA sequence arising On alignment of the BeWo cDNA with the Jar- 
from DNA isolated from the Jar choriocarcinoma cell deduced cDNA there is approximately 77% nucleic acid 
line has also been established. This gene consists of six homology between the two putative mRNA species. Dif- 
exons and spans approximately 2.4 kb of genomic ferences between the two may be grouped into three 
DNA. By comparing the BeWo cDNA with Jar genomic categories: nonsignificant point differences, segmental 
DNA, we were able to deduce a Jar cDNA encoding deletions, and a point change from cytosiné to thymine 


178-estradiol dehydrogenase. The intron-exon splice within a single critical codon in exon 5. When these 
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Fig. 4. DNA/RNA hybridization (Northern blot) analysis of 
luteinized granulosa, BeWo, and Jar cells. The Northern blot 
was probed with a *P-labeled 1100 base pair cDNA fragment 
from 3' end of a BeWo cDNA clone. The lowest molecular 
weight band, present in all three cell types, represents a 1.3 
kb DNA fragment. There is a second 2.1 kb species of mRNA 
clearly identified in the granulosa lane. Higher molecular 
weight material present in the granulosa cell lane likely rep- 
resents artifact. - 


two sequences are translated into their respective amino 
acid sequences, the Jar-deduced cDNA has an in-frame 
stop codon rather than the glycine encoded by the 
BeWo cDNA. Of greatest significance, this termination 
signal would occur in the middle of the substrate bind- 
ing domain of the Jar 17B-estradiol dehydrogenase en- 
zyme. This pattern of mutations has been described in 
a variety of paired genes in which the phénomenon of 
gene complementation has occurred, including the 
gene for the human steroid-converting enzyme 21- 
hydroxylase."!® On the basis of this data we hypothe- 
sized that two genes for 17R-estradiol dehydrogenase 
exist in the human genome but that only one of these 
genes (the complement) survived intact into the ge- 
nome of the Jar cell line. The et al.” recently identified 
two apparently complementary tandemly arranged 
17B-estradiol dehydrogenase genes within the human 
genome, providing partial confirmation to this theory. 

Evaluation of gene expression in the BeWo and Jar 
cell lines was performed by DNA-RNA hybridization 
analysis. Probing Northern blots of RNA extracts from 
both BeWo and Jar cells with an 1100 base pair frag- 
ment constructed from the cDNA of BeWo, we consis- 
tently found mRNA corresponding to 1.3 kb in each 
cell line. This is identical to results obtained when ana- 
lyzing RNA ê In contrast, RNA extracts from luteinized 
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granulosa cells exhibited not only a 1.3 kb signal, but 
also a larger, distinct RNA of 2.1 kb. These granulosa 
cells, although not cultured, were obtained from pa- 
tients undergoing ovarian hyperstimulation via human 
menopausal gonadotropins and human chorionic go- 
nadotropin. DNA-RNA hybridization analysis of BeWo 
cells under less stringent conditions also reveals this 
larger 2.1 kb mRNA, but as a minor component (data 
not shown). We have no explanation for the second 
form of 17-estradiol dehydrogenase message, al- 
though it would be tempting to propose a regulatory 
role for what we may assume is an alternately spliced 
RNA product. Experiments are under way in our lab- 
oratory to evaluate the less likely possibility that one of 
these messages may also represent the transcription 
product of the complementary, inactive gene. 

In summary, we compared the molecular biology of 
17B-estradiol dehvdrogenase in two choriocarcinoma 
cell lines, BeWo and Jar, with that of the human pla- 
centa. The data presented herein indicate that two 
genes for 17f-estradiol dehydrogenase exist in the nu- 
man genome. The predicted amino acid sequence 
based on the BeWo cDNA is essentially identical to that 
predicted from the established placental cDNA. On the 
other hand, the deduced Jar cDNA has major differ- 
ences, including a premature stop signal interrupting 
the predicted amino acid sequence in the area of the 
substrate binding site. This suggests that only a single 


. gene for 17B-estradiol dehydrogenase has survived in- 


tact into the Jar genome, that this gene does not pro- 
duce an enzymatically active protein product, and that 
the absence cf an intact complementary gene may ac- 
count for the lack of 176-estradiol dehydrogenase ac- 
tivity in this choriocarcinoma cell line. 


We acknowledge Patricia B. McEwen and Harold F. 
Sims for their-continuing encouragement and superior 
technical assistance. ; 
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Antiprogestin treatment decreases midluteal luteinizing 
hormone pulse amplitude and primarily exerts a 


pituitary inhibition 


Donna Shoupe, MD, Daniel R. Mishell, Jr, MD,* Gregory Fossum, MD, 
Bradford L. Bopp,’ Irving M. Spitz, MD,” and Rogerio A. Lobo, MD 


Los Angeles, California, and New York, New York 


Mifepristone (RU 486), a synthetic steroid with antiprogesterone receptor activity, was given with and 
without naloxone hydrochloride to six women in the midiuteal phase to investigate the role of progesterone 
in the modulation of endogenous opioid activity and the secretion of luteinizing hormone and cortisol. 
Subjects were evaluated during four sequential monthly admissions during which multiple blood samples 
were obtained every 15 minutes for 8 hours. Patients were studied during a baseline cycle, after 
administration of RU 486 alone (100 mg/day), naloxone with RU 486, and naloxone alone. After 
administration of RU 486 there was a significant decline in total luteinizing hormone secretion {p < 0.01) 
and luteinizing hormone pulse amplitude (p < 0.05), but compared with baseline there was no significant 
change in luteinizing hormone pulse frequency. After infusion of naloxone there was a significant increase 
in mean luteinizing hormone values (p < 0.05) and luteinizing hormone pulse frequency {p < 0.01) but no 
change in pulse amplitude. There was no significant difference in mean luteinizing hormcne values or 
luteinizing hormone pulse amplitude and frequency between administration of RU 486 and naloxone plus 
RU 486. Administration of naloxone alone, RU 486 alone, and RU 486 plus naloxone caused a significant 
increase in cortisol as compared with baseline cycles (p < 0.05). These data further support the notion 
that progesterone is important in the control of luteinizing hormone secretion and suggest that 
progesterone may primarily influence luteinizing hormone pulse amplitude and pituitary release of 
luteinizing hormone during the luteal phase. (Am J Osstet Gynecol 1990;163:1982-5.) 


Key words: RU 486, pituitary effect 


In a normal cycle, rising levels of progesterone in the 
luteal phase of the menstrual cycle is associated with a 
changing pattern of luteinizing hormone (LH) secre- 
tion. LH pulses change from being of high frequency 
and low amplitude during the follicular phase to pulses 
of high amplitude and low frequency during the luteal 
phase.' The frequency of LH pulses declines progres- 
sively during the luteal phase and correlates with the 
cumulative progesterone exposure.’ 

Mifepristone (RU 486), a synthetic steroid that binds 
to progesterone receptors and blocks the action of pro- 
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gesterone, appears to have multiple effects on the 
hypothalamic-pituitary-ovarian axis. When adminis- 
tered in the follicular phase of the menstrual cycle it 
blocks ovulation and results in a decline in estradiol? ° 
and LH‘ levels during treatment. Addition of RU 486 
to cultured human granulosa cells causes a decline in 
progesterone’ secretion into the media whereas its 
administration in the midluteal phase in some subjects 
is associated with a decline both in LH levels*’ and 
luteolysis.*° In addition, RU 486 binds to the gluco- 
corticoid receptor even more strongly than dexameth- 
asone."' The antiglucocorticoid action of RU 486 ap- 
pears to occur during periods of active adrenocorti- 
cotropic hormone (ACTH) secretion.”* "° 

Endogenous opioids appear to play an important role 
in the determination of LH pulsatility by inhibiting 
hypothalamic gonadotropin-releasing hormone secre- 
tion." This inhibitory action is thought to be modulated 
by ovarian steroids’ and the maximum suppression 
occurs during the high-estrogen and high-progester- 
one phases of the cycle. Infusion of naloxone during 
the luteal phase in a normal subject results in the un- 
coupling of this inhibitory activity, an increase in LH 
pulse frequency, and a decline in pulse amplitude.” 

Our purpose was to investigate the effects of an an- 
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tiprogestin given in the midluteal phase on LH pul- 
satility and cortisol secretion, and to investigate this 
interaction with and without opioid blockade. 


Material and methods 


Six women, ages 2] to 33 years, with cycle lengths 
that averaged 28 + 2 days, were evaluated for six con- 
secutive cycles. Each woman was within 20% of ideal 
body weight and had a documented serum progester- 
one level >5 ng/ml in the cycle before entry to this 
study. During the study months, blood was obtained on 
day 10 and daily thereafter until the LH surge was 
detected by daily radioimmunoassay. During all four 
study cycles, patients were admitted to the Clinical Re- 
search Center at 7:00 Am, 6 to 9 days after the LH 
surge, and blood samples were obtained every 15 min- 
utes for 8 hours. Before the first study admission, no 
medication was given. During the following cycle, 
RU 486 at a dose of 50 mg twice a day (50 mg tablets, 
supplied by Roussel Uclaf, Romaineville, France) was 
begun 3 days before admission. The last pill was 
taken in the morning of admission between 6:00 and 
7:00 AM. 

During the fourth cycle, RU 486 was administered 
as in cycle 2 with the addition of a naloxone infusion. 
During the sixth cycle, naloxone 2 mg/hour beginning 
at 8:00 AM was infused alone. Two baseline blood sam- 
ples were obtained before the naloxone infusion. The 
third and fifth cycles were rest cycles, as the patients 
were not given medication and no blood sampling oc- 
curred, 

Blood samples were allowed to clot and sera were 
separated and stored at — 20° C until assayed for LH, 
estradiol, progesterone, and cortisol by previously de- 
scribed methods.” ° Intra- and interassay coefficients of 
variation of the LH assay were <6% and <12%, re- 
spectively. Cortisol was measured in two baseline sam- 
ples 15 minutes apart, and then hourly. All samples 
from an individual subject were measured in a single 
assay. 

Statistics. Pulse frequency and amplitude were cal- 
culated with a computer program” based on the criteria 
described by Santen and Bardin."* A pulse was consid- 
ered significant if there was an increase in LH over the 
mean of two baseline values that exceeded twice the 
interassay coefficient of variation. Pulse amplitude was 
defined as the absolute difference in hormone concen- 
trations between peak and nadir values. 

Other statistical comparisons were carried out with 
the assistance of the Clinfo computer program with 
analysis of variance and the Student ¢ test. Values are 
expressed as mean + SE. 


-Results 


Baseline progesterone and estradiol levels before in- 
fusion during the first cycle were 13.4 + 4.5 ng/ml and 
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Fig. 1. Mean LH values + SEM in following groups: control, 
naloxone (NAL) alone, RU 486, and RU 486 plus naloxone. 
tp < 0.05 from baseline; **p < 0.05 from other three groups. 


Table I. Progesterone and estradiol levels 
before infusion 


Progesterone Estradiol 

(ng/ml) (pglml) 
Baseline 13.4 + 4.5 135.2 + 15.6 
RU 486 14.0 + 8.7 110.2 + 48.3 
RU 486 + naloxone 14.5 + 8.6 136.0 + 73.9 
Naloxone 11.2 + 10.1 111.3 + 76.5 


No significant differences. 


135.2 + 15.6 pg/ml, respectively, and were not signif- 
icantly different during the other treatment months 
(Table I). 

When analyzed by analysis of variance, mean LH 
values during the sampling period were significantly 
lower after administration: of RU 486 alone and 
RU 486 plus naloxone compared with baseline (p < 
0.05) (Fig. 1). Mean LH values after infusion of nal- 
oxone alone (7.2 + 0.3 mIU/ml) increased significantly 
(p < 0.05) compared with all other sampling periods. 
There was no difference in mean LH values between 
administration of RU 486 alone and RU 486 with nal- 
oxone. 

During the baseline cycle there were 1.75 + 0.2 LH 
pulses with a mean pulse amplitude of 5.2 + 0.5 
m1U/ml during the 8-hour sampling period. After ad- 
ministration of RU 486 there was a significant decline 
in LH pulse amplitude (p < 0.05), whereas no signifi- 
cant change occurred in LH pulse frequency as noted 
above. No significant changes occurred in LH pulse 
frequency in any group except with infusion of nal- 
oxone in which LH pulse frequency increased to 
2.7 + 0.4 (p < 0.05). The administration of RU 486 
with naloxone also decreased LH pulse amplitude 
(p < 0.05), whereas increases in LH pulse amplitude 


were evident with infusion of naloxone alone (Ta- 
ble II). | 
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Table IX. LH pulsatility in 8 hours during four 
different treatment periods 






Pulse 
amplitude 
ml Ulml 





Baseline 1.75 + 0.25 5.2 + 0.5 

RU 486 0.9 + 0.2 3.1 + 0.8* 
RU 486 + naloxone 1.5 + 0.3 3.0 + 0.4% 
Naloxone 2.7 + 0.4% 6.5 + 0.9 

Mean = SE. 


t9 < 0.05 compared with baseline. 


Table III. Mean cortisol values during four 
sampling periods 


Cortisol . 
pgldl 


Baseline 11.0 + 1.5 

RU 486 17.0 + 1.7* 
RU 486 + naloxone 16.0 + 1.7* 
Naloxone 16.0 + 1.4% 


*p < 0.05 compared with baseline. 


Figs. 2 and 3 show the LH values in a typical patient 
during the control cycle, after treatment with RU 486 
with and without naloxone and after infusion of nal- 
oxone alone. 

Mean cortisol values were significantly higher than 
baseline in all treatment groups after RU 486 alone, 
RU 486 plus naloxone, and naloxone alone (Table ILI). 


Comment 

Administration of RU 486 before ovulation in nor- 
mally cycling women causes ablation of the normal 
LH—follicle-stimulating hormone surge with lowering 
of serum estradiol and progesterone.” When given in 
the midluteal phase, high doses of RU 486 (between 
200 and 800 mg) cause luteolysis and a decline in es- 
tradiol within 24 hours in up to 35% of subjects.’ In 
this study, treatment in the midluteal phase with 100 
mg RU 486 for 3 days resulted in no significant changes 
in estradiol or progesterone. 

Because progesterone has been shown to increase 
LH pulse amplitude and decrease the gonadotropin- 
releasing hormone—mediated pulses in the luteal phase 
of the norma! menstrual cycle,'* administration of an 
antiprogestin in the midluteal phase would be expected 
to decrease LH pulse amplitude and increase pulse fre- 
quency. In this study, there was a decline in LH pulse 
amplitude and mean LH secretion after administration 
of RU 486. However, we noted a decrease in LH pulse 
frequency after RU 486, although this was not signif- 
icant. This discrepancy may be a result of the inherent 
difficulties involved in accurately detecting the pres- 
ence of LH pulses when LH levels are low. Interpre- 
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Fig. 2. LH values in typical subject during 8 hours in control 
cycle and after administration of RU 486. *Indicates pulses. 
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Fig. 3. LH values in typical subject during 8-hour naloxone 
(NAL) infusion with and without prior administration of 
RU 486. *Indicates pulses. 


tation of LH pulse frequency data is also limited be- 
cause of the low number of pulses that occur in the 
luteal phase. Previous work is in agreement with our 
findings in that a slight but nonsignificant increase in 
LH pulse frequency was found to occur along with a 
significant decline in pulse amplitude after administra- 
tion of RU 486 in the midluteal phase.’ Alternatively, 
these data may suggest that progesterone exerts a pri- 
mary influence on LH pulse amplitude and the failure 
to detect changes in LH pulse frequency signifies the 
lack of a direct hypothalamic effect during the luteal 
phase. 

It is most plausible that the changes in LH secretion 
and LH pulse amplitude, specifically, are a result of a 
direct pituitary effect of RU 486. This finding is sup- 
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ported by previous work that shows that RU 486 im- 
pairs the pituitary response to gonadotropin-releasing 
hormone.” ® RU 486 alone did not inhibit LH pulse 
frequency, suggesting that progesterone may not 
have a direct influence on hypothalamic gonadotropin- 
releasing hormone discharge. Inasmuch as naloxone 
alone (opioid blockade) increased LH pulse frequency, 
this natural opioid effect may be in part independent 
of the effect of progesterone. Results of administration 
of RU 486 in combination with naloxone were not dif- 
ferent from those of RU 486 when used alone. 

The antiglucocarticoid effect of RU 486 is well 
known"! and the increase in cortisol after administra- 
tion of RU 486 is thought to be mediated by increases 
in ACTH." The increase in cortisol after administra- 
tion of naloxone alone has also been reported by our 
group.” There is evidence that B-endorphin may reg- 
ulate cortisol secretion by attenuating the cortisol re- 
sponse to exogenous ACTH and may also decrease-the 
pituitary secretion of ACTH.*** However, the addition 
of naloxone and RU 486 were neither additive nor 
inhibitory to cortisol, suggesting that these two mech- 
anisms of increasing ACTH and cortisol release may 
be independent. 

These data support a direct pituitary action of RU 
486 in decreasing LH pulse amplitude and further sug- 
gest that the effect of progesterone on LH pulse am- 
plitude may not be mediated through endogenous 
opioids. These data further suggest that the inhibitory 
hypothalamic effect of opioid peptides may not be fully 
dependent on progesterone. 
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Luteal insufficiency: Correlation between endometrial dating 
and integrated progesterone output in clomiphene 


citrate—induced cycles 


Bryan R. Hecht, MD, Wadi A. Bardawil, MD, Firyal S. Khan-Dawood, PhD, and 


M. Yusoff Dawood, MD® 


Chicago, Illinois, and Houston, Texas 


Midiuteal phase endometrium was histologically dated with midcycle luteinizing hormone surge time in 29 
cycles from 10 parous women during untreated cycles (control) and treatment with clomiphene citrate 50 
mg and 150 mg daily on days 5 through 9. Integrated progesterone output for 7 days after luteinizing 

hormone surge calculated from the daily plasma progesterone levels was 66.6 + 9.8 ng/ml in the control 


group compared with 117.5 + 18.6 ng/ml for clomiphene citrate 50 mg treatment and 152.1 


+ 11 ng/ml 


for clomiphene citrate 150 mg treatment (p = 0.05). Only one cycle (clomiphene citrate 150 mg) had an 
out-of-phase endometrium and a significantly reduced integrated progesterone output of 28 ng/ml. All 
other cycles showed synchronous endometrial maturation. We conclude that luteal insufficiency as a result 
of clomiphene citrate treatment in ovulatory women is infrequent and is more likely to be a result of 
functional outcome of a relative lack of luteal phase progesterone output. (Am J OBSTET GYNECOL 


1990; 163: 1986-91 ) 


Key words: Cloutiphene citrate, luteal phase defect, progesterone, endometrial dating, 


endometrial asynchrony 


Luteal phase defect and conception failure occur in 
some cycles in which clomiphene citrate has been ad- 
ministered for induction or augmentation of. ovula- 
tion.''? The incidence and mechanisms of clomiphene 
citrate~induced luteal phase defect remain debatable. 
Deficient luteal progesterone production or a direct 
adverse effect of clomiphene on endometrial respon- 
siveness are both mechanisms that could be responsible 
for producing this clinical phenomenon. 

Histologic diagnosis of luteal phase defect is usually 
made by comparison of the actual endometrial histo- 
logic findings with those expected on the basis of the 
onset of menses after the biopsy.’ Both clinical and 
histologic evidence suggest that use of this “next men- 
ses” criteria may not provide the most precise relation- 
ship to the actual time of ovulation. Thus, imprecise 
interpretation of the endometrial histology can occur 
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with such criteria because the true postovulatory luteal 
age is not known. The use of the midcycle luteinizing 
hormone surge is a superior reference point for his- 


tologic dating of the endometrium.* To further define 


the effect of clomiphene citrate on luteal phase phys- 
iology, we conducted a controlled study in normal ovu- 
latory women to compare (1) the actual luteal histology 
with the expected findings on the basis of the midcycle 
serum luteinizing hormone (LH) surge as well as with 
integrated progesterone output on the basis of daily 
plasma progesterone levels, and (2) the effect of high 
and low doses of clomiphene citrate on luteal phase 
endometrial development. 


Material and methods 


The study was approved by the Institutional Review 
Board of the University of Illinois at Chicago, where 
the study was conducted. Ten normal, fertile women 
with regular ovulatory menstrual cycles volunteered to 
participate and gave informed consent. All subjects had 
previously undergone tubal ligation or were using bar- 
rier contraceptive methods. The clinical characteristics 
of these subjects and treatment cycles have been re- 
ported by us in previous publications.” ° The mean age 
was 30.3 + 1.1 years (+SEM), weight was 77.3 + 5.4 
kg, parity was 2.4 + 0.4, and the normal control men- 
strual cycle length was 28.5 + 1.1 days. 

Medication protocol. Eight subjects were studied for 
three consecutive menstrual cycles whereas two were 
studied for three nonconsecutive cycles. The first cycle 
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was a control cycle during which the subjects did not 
receive medication. In the second cycle, 50 mg clomi- 
phene citrate was given daily on days 5 through 9 of 
the cycle and in the third cycle, 150 mg clomiphene 
citrate (50 mg three times a day) was given on days 5 
through 9. 

Basal body temperature was recorded by each subject 
for all cycles studied. The first-voided urine samples 
were collected daily, beginning on cycle day 11 and 
continued until an LH surge was identified or a sus- 
tained basal body temperature rise was evident. Daily 
peripheral heparinized venous blood samples were ob- 
tained between 8:00 am and 10:00 am beginning on 
cycle day 11. The plasma was separated and stored at 
— 20° C until assaved. Plasma LH was measured by a 
specific double-antibody radioimmunoassay.’ Plasma 
progesterone was measured by a specific radioimmu- 
noassay as previously described with an antibody raised 
against progesterone-11-oxime bovine serum albumin 
conjugate.® To reduce interassay variability, all blood 
samples from the same patient were poate in the 
same assay for each hormone. 

Endometrial biopsy specimens were obtained 8 to 12 
days after the urine LH surge. Subsequently when the 
plasma LH levels were determined, midcycle plasma 
LH surge to endometrial biopsy intervals were 7 to 12 
days, with a mean interval of 10.4 + 0.2. days for the 
control cycle, 10.7 + 0.4 days for the 50 mg clomi- 
phene citrate treatment cycle and 10.8 + 0.1 days for 
the 150 mg clomiphene citrate cycle. Ibuprofen 800 mg 
was given orally 1 hour before the endometrial biopsy, 
which was performed under a paracervical block. The 
uterine cavity was systematically and thoroughly cu- 
retted to obtain as much tissue as possible. Endometrial 
tissue was immediately rinsed in normal saline solution 
to remove blood and debris and a random piece was 
taken for histologic studies. The remaining tissue was 
used for steroid hormone receptor measurements.’ En- 
dometrial tissue was processed for routine hematoxylin 
and eosin staining and was subsequently randomly read 


and interpreted by a gynecologic pathologist (W.A.B.) ` 


who was unaware of the treatment given. Histologic 
dating was performed according to the criteria of Noyes 
et al., but the interval from the midcycle plasma LH 
surge to the day of biopsy (not the onset of next menses) 
was then used to calculate the expected dating. 
Integrated progesterone values were calculated from 
the area under the curve of daily plasma progesterone 
with the trapezoidal rule for the first 7 days of the luteal 


phase (LH + 0 to LH + 7). Because the earliest biopsy: 


performed in any cycle was on LH + 7, this 7-day in- 
terval was chosen to include the maximum number of 
days from surge to biopsy that could be T opada in 
all cycles. 

Data are expressed as mean + SEM. Means were 
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compared with analysis of variance and the nonpaired 
Student ¢ test. A p value >0.05 was considered not 
significant. 


Results 


Clinical findings. All cycles (control and treatment) 
studied were ovulatory as determined by identification 
of an LH surge, biphasic basal body temperature re- 
cordings, elevated luteal phase plasma progesterone 
concentrations, and/or the presence of secretory en- 
dometrium. l 

Endometrial histology. Endometrium was not avail- 
able for dating in one (clomiphene citrate 50 mg) of 30 
cycles studied. All control (n = 10) and clomiphene ci- 
trate 50 mg. cycles (n = 9) showed endometrial matu- 
ration within 48 hours of the chronologically expected 
date, calculated from the number of days after the LH 
surge on which the biopsy was obtained. One clomi- 
phene citrate 150 mg treatment produced endome- 
trium out of phase by 4 days (day 20 when day 24 was 
expected). 

Integrated progesterone. In control cycles, inte- 
grated progesterone (mean + SEM) was 66.6 + 9. 8 
ng/ml (n = 7), compared with 117.5 + 18.6 ng/ml 
(n = 8) for clomiphene citrate 50 mg and 152.1 + 11 
ng/ml (n = 8) for clomiphene citrate 150 mg treatment 
cycles (Fig. 1). In the clomiphene citrate 150 mg treat- 
ment cycle with out-of-phase endometrium, integrated 
progesterone was only 28 ng/ml. Fig. 2, A and B and 
Fig. 3, A and B show representative samples of in-phase 
and out-of-phase endometrium and their correspond- 
ing daily and integrated plasma progesterone values in 
two different women, each after treatment with 150 
mg/day of clomiphene. According to customary cri- 
teria,’ the histology in Fig. 2, B would be read as “day 
23” in agreement with the expected histology on the 
basis of the LH surge (LH surge in an ideal cycle being 
day 13 and endometrial biopsy performed on LH + 
10, making it day 23). The corresponding integrated 
progesterone value in this cycle was 146.9 ng/ml. The 
endometrial sample shown in Fig. 3, B was obtained on 
LH + 11 with an expected finding of “day 24.” This 
biopsy was interpreted as “day 20,” 4 days out of phase. 
The corresponding integrated progesterone value was 
only 28 ng/ml. 

Thus only one of 19 cycles showed true luteal phase 
inadequacy during clomiphene citrate treatment (ap- 
proximately 5%). 


Comment 

Because of the possibility that treatment with clo- 
miphene citrate may directly or indirectly affect en- 
dometrial preparation and suitability for implantation, 
we examined the effect of low and high doses of clo- 
miphene citrate on luteal phase endometrial histology 
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Clomiphene Citrate Cycles 
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Fig. 1. Mean + SEM integrated progesterone output for 7 days after midcycle plasma LH surge in 
control cycles (no treatment) and in clomiphene citrate 50 mg—treated and clomiphene citrate 150 
mg-—treated cycles in 10 parous women. Integrated progésterone output increased significantly 
during clomiphene citrate 150 mg treatment cycles (p < 0.05) but was significantly reduced in one 
cycle that had out-of-phase delayed endometrial histology. 


in a group of normal ovulatory women. The use of 
normal ovulatory women should avoid other possible 
confounding factors. that may cumulatively affect the 
endometrium in infertile women besides the use of clo- 
miphene citrate. At a daily dose of 50 mg given from 
the fifth through the ninth day of the cycle, clomiphene 
citrate treatment did not affect histologic evidence of 
perumplantation phase endometrial maturation. How- 
ever, at 150 mg daily, clomiphene citrate did produce 
one out-of-phase (delayed) endometrial biopsy with a 
corresponding low integrated progesterone output 
over the first 7 days‘of the luteal phase. In contrast, 
the remaining 150 mg clomiphene citrate—treated cy- 
cles had significantly higher integrated progesterone 
output compared with control cycles in the same 
women. | 
‘There is disagreement with regard to the sensitivity 
and reliability of endometrial dating by histology as 
described by Noyes et al.” Such dating is based on chro- 
nologic dating from the next menstrual period .and 
assumes that all normal luteal phase lengths are 14 
days—an assumption that is invalid. ° Only 27% of 
regular cycles had luteal phases of exactly 14 days 
whereas 31% had 12 days or fewer or 16 days or more.'® 
The correlation of r = 0.7 between observers’ and the 
interobserver variation of one day is also sufficient to 
cause a change in endometrial dating that would alter 
clinical management in 22% to 39% of the patients 
studied. The intraobserver agreement of 24% and 
disagreement of >2 days in 10% of the same specimens 
read twice separately also attest to the subjectivity and 


variability of endometrial dating:'? Furthermore, even 
when all the variables described in the technique of 
Noyes et al.* are used, Li et al.” have shown that the 
dating is imprecise and not as reliable as it is made out 
to be. Several investigators* '™™ have advocated the 
need to use morphometric analysis for the histologic 
dating to obtain more precise and valid interpretation. 
Only 5 of the 17 morphometric measurements exam- 
ined have been found to be necessary for an accurate 
histologic dating. The five predictive morphometric 
variables are the number of mitoses per 1000 gland 
cells, the amount of secretion in the gland lumen, the 
volume fraction of gland occupied by gland cell, the 
amount of pseudostratification of gland cells, and the 
amount of stromal predecidual reaction. We used the 
day of the plasma LH surge as the temporal reference 
point to estimate the expected histologic finding rather 
than the onset of the next menses. The timing of the 
LH surge is certainly more closely defined to the time 
of ovulation than to the next menstrual period and 
therefore will give a more precise and valid dating of 
the endometrium. Li et al. found chronologic dating 
of the endometrium with the next menstrual period 
gave a larger variance than did use of midcycle serum 
LH, which reduced the incidence of out-of-phase en- 
dometrium from 42% to 10%. 

Whereas endometrium obtained as late as possible in 
the cycle may have a greater degree of progesterone 
biologic effect and therefore is preferred by some pa- 
thologists for dating, others found the histologic fea- 
tures are more variable in the late luteal phase with 
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Fig. 2. Histologic appearance of in-phase endometrium (A) with corresponding integrated plasma 
progesterone value (B) for subject who received 150 mg clomiphene citrate daily for days 5 through 
9 of cycle. Integrated plasma progesterone (IP) was calculated for 7 days after plasma LH surge. 


intraobserver exact agreement less in the second half 
of the luteal phase than in the first half of the luteal 
phase.'* We elected to perform the endometrial biopsies 
in the midluteal phase 7 to 10 days after the midcycle 
plasma LH surge and to specifically examine this win- 


dow of time around implantation when histologic asyn- 
chrony or abnormalities would likely affect successful 
implantation. Furthermore, the optimum dose effect 
of progesterone should have been exerted on and the 
endometrium sufficiently transformed to be consistent 
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Fig. 3. Histologic appearance of out of phase endometrium (A) with the corresponding integrated 
plasma progesterone (IP) value (B) for subject who received 150 mg clomiphene citrate daily for 
days 5 through 9 of cycle. Integrated plasma progesterone (/P) was calculated for 7 days after plasma 


LH surge. 


with preparation for successful implantation. Because 
of this consideration and also the slight variability in 
the chronologic timing after the plasma LH surge, we 
chose the integrated progesterone output on the basis 


of the first 7 days of the luteal phase after the midcycle 
LH surge. This would also be consistent with the time 
when implantation occurs. With use of the above cri- 
teria, we found that only 1 of 19 cycles (5%) treated 
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with clomiphene citrate produced a true luteal phase 
abnormality as a result of deficient progesterone. This 
cycle had a significantly reduced integrated progester- 
one output as well as an out-of-phase endometrium 
(delayed 4 days). The endometrial estrogen and pro- 
gesterone receptors were normal,’ and therefore the 
out-of-phase endometrium was a result of inadequate 
luteal progesterone output leading to deficient pro- 
gesterone effect on the endometrium. 

Failure to recognize the need to consider the cu- 
mulative effect of continuing luteal progesterone out- 
put on the endometrium and the wide variability in 
peripheral progesterone levels throughout the day, as 
well as throughout the luteal phase, has placed unnec- 
essary emphasis on the significant correlation or lack 
thereof with peripheral progesterone levels. Area un- 
der the curve as reflected by integrated progesterone 
output calculated by the trapezoid method gives a closer 
reflection of the total amount of progesterone to which 
the endometrium has been exposed during the luteal 
phase up to that particular time and has been shown 
to be reliable in the assessment of luteal function." 
Previous studies that found a high incidence or prev- 
alence of luteal phase defects with clomiphene citrate 
treatment were carried out in anovulatory or oligo- 
ovulatory women and used either endometrial dating 
with the criteria of Noyes et al.* or luteal phase single 
or up to three pooled or individual serum progesterone 
levels,” the pitfalls of which have been extensively men- 
tioned. 

From the present investigation with the use of chro- 
nologic endometrial dating with the midcycle plasma 
LH surge, area under the curve progesterone output, 
and data on endometrial estrogen and progesterone 
receptors,’ we conclude that in ovulatory women, the 
incidence of luteal phase defects or inadequacy as a 
result of clomiphene citrate—induction of ovulation is 
low and probably is a result of inadequate luteal phase 
progesterone production. 
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Specific binding sites for insulin-like growth factor I in the 


ovarian stroma of women with polycystic ovarian disease and 


stromal hyperthecosis 


Manubai Nagamani, MD, and Charles A. Stuart, MD 


Galveston, Texas 


Women with polycystic ovarian disease and hyperthecosis have hyperinsulinemia and insulin resistance. It 
is possible that insulin in supraphysiologic concentration exerts its steroidogenic action on ovarian stromal 
cells through insulin-like growth factor | receptors. We undertook this study to investigate whether the 
ovarian stroma of women with hyperthecosis has specific binding sites for insulin or insulin-like growth 
factor |. Ovarian stromal tissue was obtained from seven women with normal ovulatory cycles and from 
five women with hyperthecosis of the ovaries. Binding studies with insulin tagged with iodine 125 and 
insulin-like growth factor | tagged with iodine 125 revealed specific binding sites both for insulin and 
insulin-like growth factor | in the ovarian stroma. The binding of insulin tagged with iodine 125 in the 
ovarian stroma of women with hyperthecosis (3.4% + 1.1% (+SE) per 100 pg protein) was significantly 
(p < 0.04) lower than that observed in normal premenopausal women (8.3% + 1.6% per 100 yg protein). 
By contrast, the specific binding of insulin-like growth factor | tagged with iodine 125 in the ovarian stroma 
of women with hyperthecosis (7.1% + 1.7% per 100 yg protein) was higher than that observed in the 
ovarian stroma from normal women (4.5% + 1.7% per 100 pg protein), although the difference was not 
statistically significant. The affinity constants for these high-affinity receptors were similar (1.2 to 3.6 x 10° 
L/mol) in the two groups of women. These results indicate that (1) the ovarian stroma has specific binding 
sites both for insulin and for insulin-like growth factor |; (2) in women with hyperthecosis, the ovarian 
stroma has decreased binding sites for insulin but has normal concentrations of insulin-like growth factor | 
receptors; and (3) in women with hyperthecosis, stimulation of ovarian androgen synthesis by insulin may 
be mediated through the insulin-like growth factor | receptors. (AM J OssteT GYNECOL 1990;163:1992-7.) 


Key words: Insulin-like growth factor I receptors, insulin receptors, Ovarian stroma, 


hyperthecosis, polycystic ovarian disease 


Insulin resistance and hyperinsulinemia are often 
seen in association with ovarian hyperandrogenism.'* 
A positive correlation between peripheral insulin levels 
and ovarian vein androgen levels has been observed in 
women with hyperandrogenism as a result of hyper- 
thecosis of the ovaries.’ In vitro studies indicate that 
insulin stimulates ovarian stromal androgen synthesis.’ 
However, patients with hyperinsulinemia have extreme 
insulin resistance that is a result of either defective in- 
sulin receptors or a postreceptor defect.” It is hard to 
explain how insulin exerts its steroidogenic action on 
the ovarian stroma in these women because its action 
in other target tissues is defective. It has been shown 
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that insulin in high concentration is capable of binding 
to insulin-like growth factor I receptors.” It is possible 
that insulin, which is present in supraphysiologic con- 
centrations in women with polycystic ovarian disease 
and hyperthecosis, exerts its steroidogenic action on the 
ovarian stromal cells through insulin-like growth factor 
I receptors. 

We undertook this study to investigate whether nor- 
mal ovarian stroma has specific binding sites for insulin- 
like growth factor I and insulin and whether the num- 
ber of these receptors is increased or decreased in 
women with hyperthecosis. 


Material and methods 


Patients. We obtained ovarian stromal tissue from 
seven normal premenopausal women undergoing hys- 
terectomy for nonendocrine problems (myoma uterus, 
endometriosis, and cervical dysplasia). All of them had 
normal ovulatory cycles and had no hirsutism. The 
mean age was 39 years (range, 30 to 46 years) and the 
mean body weight was 160 pounds (range, 126 to 198 
pounds). The fasting glucose and insulin levels were 
normal. Ovarian stromal tissue was also obtained from 
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Table I. Clinical characteristics of women with hyperthecosis 





Patient 
A 38 160 
B 32 164 
C 30 200 
D 30 168 
E 38 163 


Table II. Hormonal studies in women with hyperthecosis 


Testosterone Fasting insulin 
(ng/dl) DHEAS (ng/ml) LHIFSH (mIU/mil) (U/ml) 
38 





Age (yr) % Ideal body weight 





Virilization 


Severe Clitorimegaly 

Severe Chitorimegaly; temporal balding 
Severe ‘Temporal balding 

Severe Clitorimegaly; temporal balding 
Severe Clitorimegaly 


Insulin response” 


A 185 720 17/13 317 
B 612 300 23/5 212 2634 
C 138 700 13/8 52 685 
D 249 627 4/10 4? 2290 
E 400 550 7/12 51 650 
Normal range 20-90 500-3000 5-15 3-22 33-167 


LH, Luteinizing hormone; FSH, follicle-stimulating hormone. 


*Cumulative sum of serum insulin concentrations 1, 2, and 3 hours after oral administration of 75 gm glucose. 


five virilized women with a long history of hirsutism 
who were undergoing laparotomy. Clinical character- 
istics and endocrine studies of these five women are 
summarized in Tables I and II. All these women were 
obese, had anovulatory cycles, and had been hirsute for 
many years. All of them were nulliparous and had 
failed to ovulate with clomiphene citrate (Clomid). 
None had acanthosis nigricans. The testosterone levels 
were high. The dehydroepiandrosterone (DHEA) sul- 
fate levels were in the low-normal range. After a high- 
carbohydrate (300 gm) diet was observed for 3 days, a 
standard oral glucose tolerance test was performed in 
all subjects around 8 Am. Blood samples for glucose 
and insulin levels were obtained before and hourly for 
3 hours after oral glucose (75 gm) administration. Fast- 
ing insulin levels and insulin response to oral glucose 
were elevated in all patients whereas the glucose levels 
were normal. All except patient D underwent hyster- 
ectomy with bilateral salpingo-oophorectomy for severe 
progressive hirsutism and virilization that did not re- 
spond to ovarian suppression with birth-control pills. 
A wedge biopsy of the ovaries was performed in patient 
D to rule out virilizing ovarian tumor because the tes- 
tosterone levels were in the tumor range. In all patients, 
the ovaries were found to be enlarged to two to three 
times the normal size. Cut section of the ovaries re- 
vealed abundant ovarian stroma with few small follic- 
ular cysts in the cortex of the ovary. Histologic exam- 
ination revealed extensive Juteinization of the ovarian 
stroma in patients B, D, and E. Nests of luteinized 
cells were present in the ovarian stroma of patients A 
and C. 

Binding studies with ovarian stroma. To prepare 
ovarian microsomal membranes, we used with mi- 


nor modification a technique developed for cartilage 
plasma membranes.’ Ovarian stromal tissue (400 to 500 
mg) was homogenized in 15 ml 0.01 mol/L imidazole, 
0.25 mol/L sucrose, and 0.005 mol/L ethylenediamine- 
tetraacetic acid (EDTA), pH 7.5 (ISE buffer) at 0° C 
for 60 seconds at half-speed with a polytron (Brinkman 
Instruments, Westbury, N.Y.). The homogenate was 
centrifuged at 1000 g for 15 minutes to remove nuclei, 
most mitochondria, and tissue fragments. The resulting 
supernatant was centrifuged at 35,000 g for 60 minutes 
to provide a final pellet that was resuspended in 0,001 
mol/L imidazol, pH 7.5. . 

Insulin and insulin-like growth factor I binding stud- 
ies were performed in 0.1 mol/L HEPES acid, 0.120 
mol/L sodium chloride, 0.0012 mol/L magnesium sul- 
fate, 0.001 mol/L EDTA, 0.01 mol/L glucose, 0.015 
mol/L sodium acetate, and 1% bovine serum albumin, 
pH 8.0, as previously described.'° Studies designed for 
Scatchard analysis of binding parameters consisted of 
eight different concentrations of insulin performed in 
triplicate. The concentration of insulin tagged with io- 
dine 125 was approximately 0.05 x 107° mol/L. Un- 
labeled porcine insulin was added to achieve concen- 
trations of 0; 0.2, 0.5, 1, 2, 10, 20, and 1000 x 107° 
mol/L and the membrane protein concentration was 
s] mg/ml. For insulin-like growth factor I binding 
studies, unlabeled insulin-like growth factor I and 
['*I]insulin-like growth factor I were used in similar 
concentrations. The mixtures were incubated at 4° C 
for 15 to 18 hours and the membranes were sedimented 
by centrifugation at 18,000 g for 15 minutes and 
washed once in binding buffer. The results were ex- 
pressed as the percentage of total radioactivity bound 
per 100 ug membrane protein. Protein was quantitated 
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Fig. 1. Mean (+SE)} specific insulin binding to ovarian stromal membranes from seven premeno- 
pausal women and five women with ovarian hyperthecosis. Inset shows Scatchard plot of same data. 


by the method of Lowry et al.'’ Nonspecific binding 
was determined in the presence of at least 200-fold 
molar excess of unlabeled insulin and insulin-like 
growth factor I, respectively. Analysis of binding data 
was performed with a computer program designed to 
provide the best fit of a two-receptor model to the Scat- 
chard plot. The program performs an iterative curve- 
stripping procedure in which a curvilinear Scatchard 
plot is recalculated stepwise, subtracting an increasing 
number of counts due to low-affinity specific binding 
until the optimal high-affinity straight line is achieved.” 
The independent Student ¢ test was used to compare 
differences in specific binding between control women 
and women with hyperthecosis. A p value < 0.05 was 
considered significant. 

Specificity studies. To evaluate the specificity of 
insulin-like growth factor I binding, ovarian stromal 
membranes were incubated in the presence of a con- 
stant amount of (1 x 10° counts per minute) of 
('**{Jinsulin-like growth factor I, with or without in- 
creasing concentrations of unlabeled (1 to 100 ng/tube) 
insulin-like growth factor I or insulin (1 to 1000 
ng/ml). 


Results 
Insulin binding studies. Our results indicate the 


presence of specific binding sites for insulin in normal . 


ovarian stromal tissue. The percentage of total insulin 
binding in normal stroma was 8.3% + 1.6% (+SE) per 
100 wg protein and ranged from 4.3% to 15.2% per 
100 ug protein. In women with hyperthecosis, the per- 
cent binding of ['*IJinsulin (3.4% + 1.1% +SE) per 


100 ug protein; range, 0% to 6.7% per 100 pg protein) 
was significantly lower (p < 0.04) than that observed in 
normal premenopausal women. The ovarian stroma of 
patient D did not have any specific binding sites for 
insulin. Fig. 1 snows the competition curves for binding 
of ['**I}insulin to ovarian stromal membranes of normal 
premenopausal women and women with hyperthecosis. 
The inset of Fig. 1 shows the mean data for Scatchard 
plots. The Scatchard plots were curvilinear, indicating 
either two binding sites of differing affinity or “negative 
cooperativity.” The Scatchard plots of the high-affinity 
segments of the data (first five points) were parallel, 
indicating that the difference in insulin binding was a 
result of a difference in the concentration of the re- 
ceptors rather than differences in affinity. The affinity. 
constants for the specific high-affinity insulin receptors 
from these preparations were similar (3.5 + 1.0 x 10° 
L/mol; normal ovarian stroma; and 3.5 + 0.8 x 10° 
L/mol/ hyperthecosis). The mean receptor concentra- 
tion in the ovarian stroma of women with hyperthecosis 
(0.16 + 0.07 pmol/mg membrane protein) was lower 
than that in the normal ovarian stroma (0.48 + 0.18 
pmol/mg membrane protein). 

Insulin-like growth factor I binding studies. Specific 
binding sites for insulin-like growth factor I were 
present in the ovarian stroma from normal premeno- 
pausal women. The percentage of total binding of 
insulin-like growth factor I to normal ovarian stroma 
was 4.5% + 1.7% per 100 ug protein (range, 2.0% to 
7.4%/100 wg protein). The percentage of total binding 


‘insulin-like growth factor I in the ovarian stroma of 


women with hvyperthecosis (7.1% + 1.7% per 100 pg 


Volume 163 
Number 6, Part I 


“ons 

g O—OoO normal 

O @— © hyperthecosis 
© 

i 

D 

a. 

R 

rnd 

: l 
Z 

> 

D 

T | 
W 

S 

L 
uw) 
N 


o 0.1 


~i 
~o 





insulin-like growth factor | receptors in ovarian stroma 1995 
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Fig. 2. Mean (+ SE) specific insulin-like growth factor I (IGF-I) binding to ovarian stromal membranes 
from premenopausal women and women with hyperthecosis. Inset shows Scatchard plot of same 


data. | 


protein) was higher than that observed in normal ovar- 
ian stroma, but the difference was not statistically sig- 
nificant (Fig. 2). Specific binding sites for insulin-like 
growth factor I were present in all the ovaries with 
hyperthecosis (range, 4.1% to 12.7% per 100 wg pro- 
tein). In patient D, the ovarian stroma did have binding 
sites for insulin-like growth factor I, even though there 
was no demonstrable insulin binding. The inset of Fig. 
2 shows the mean data from Scatchard plots. The af- 
finity constants for these insulin-like growth factor I 
receptors were 3.6 + 1.5 x 10°L/molin hyperthecosis 
and 1.2 + 0.3 x 10° L/mol in the normal ovarian 
stroma. The difference was not statistically significant. 

Specificity studies. Fig. 3 shows the competition 
curves for binding of ['**I]insulin-like growth factor I 
to ovarian stromal membranes prepared from normal 
ovarian stroma and women with hyperthescosis in the 
absence and presence of varying concentrations of un- 
labeled insulin-like growth factor I, insulin-like growth 
factor IJ, and insulin. Increasing concentrations (1 to 
100 nmol/L) of unlabled insulin-like growth factor I 
resulted in dose-dependent saturable displacement of 
specific insulin-like growth factor I binding. Insulin was 
nonreactive at the final concentration of 1000 nmol/L 
and insulin-like growth factor II was only weakly ef- 
fective. Results of our specificity studies indicate that 
human ovarian stromal cells possess separate receptors 
for insulin and insulin-like growth factor I. 


Comment 


Specific binding sites for insulin have been shown 
in the ovarian stroma of normal and polycystic ova- 


ries.'* '* However, we are not aware of any previous 
reports that compare the receptor concentrations in the 
normal and polycystic ovaries. Our present data indi- 
cate that the specific binding sites for insulin are sig- 
nificantly decreased in the ovarian stroma of women 
with hyperthecosis. Lack of a difference in receptor 
affinity, as shown by the Scatchard plots, indicates that 
the reduced ['*I]insulin binding is primarily due to a 
reduction in the number of receptors. This decrease in 
insulin receptor concentrations could be a result of el- 
ther a primary receptor defect or a down regulation in 
response to elevated insulin levels. Poretskey et al. 
observed a 40% decrease in insulin binding in ovarian 
tissue when the concentration of insulin in the prein- 
cubation medium was 10 ng/ml and complete obliter- 
ation of [’*I]insulin binding when the concentration 
was >50 ng/ml. Maximal plasma insulin concentration 
of 300 to 1000 U/ml that we observed in our patients 
after oral glucose ingestion is similar to the dosages 
used in this study (50 ng/ml ~ 1250 U/ml). 

In the present study, all our patients with hyperthe- 
cosis had hyperinsulinemia with normal glucose levels, 
a finding that indicates insulin resistance and defective 
insulin action on carbohydrate metabolism. The ability 
of insulin to alter ovarian function in the face of insulin 
resistance could be due to point mutations in the insulin 
receptor that lead to an inability of the insulin receptor 
to modulate glucose metabolism but do not affect the 
ability of insulin to bind to the receptor and modulate 
other functions such as steroidogenesis. The action of 
hyperinsulinemia on ovarian androgen production 
may be a result of direct effects of insulin on its own 
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Fig. 3. Specificity of insulin-like growth factor I (/GF-J) binding to ovarian stromal membranes. 


receptor or cross-over stimulation via'the insulin-like 
growth factor I receptor. Our specificity data shown 
in Fig. 3 do not support crassover action in this sub- 
ject because insulin concentrations as high as 1000 
nmol/L did not displace ['*IJinsulin-like growth factor 
I. However, in many tissues the relative potency of in- 
sulin in the prevention of binding of insulin-like growth 
factor I is 1/50 to 1/200, suggesting that hyperinsu- 
linemia could result in activation of the insulin-like 
growth factor I receptor.” This supposition is further 
supported by the fact that patients with type B severe 
insulin resistance, who have antibodies to insulin re- 
ceptors, have ovarian hyperandrogenism."® 
Insulin-like growth factor I receptors have previously 
been shown to be present in the rat interstitial and 
granulosa cells and swine granulosa cells.'"'" Specific 
binding sites for insulin-like growth factor I have also 
been shown to be present on human granulosa cells.”° 
We showed for the first time that there are insulin-like 
growth factor I receptors in the normal human ovarian 
stroma. Unlike insulin receptors, the mean receptor 
concentration of insulin-like growth factor I in ovarian 
stroma of women with hyperthecosis was higher than 
that in normal ovarian stroma, even though the dif- 
ference did not achieve statistical significance. It has 
been shown in the rat that experimetnal hyperinsulin- 
emia upregulates ovarian insulin-like growth factor I 
receptors.” Small differences in the receptor concen- 
tration between the stroma from normal ovary and that 
from the polycystic ovary could also be a result of the 
differences in the cell type. Studies by Erikson et al.” 
indicate that the ovarian stromal tissue is heteroge- 


neous and contains primary interstitial cells that have 
little or no capacity to synthesize steroids and secondary 
interstitial cells that secrete androgens. In the ovarian 
stroma of polycystic ovaries, there is a marked increase 
in the number of steroidogenically active secondary in- 
terstitial cells. It is possible that these secondary inter- 
stitial cells have an increased number of binding sites 
for insulin-like growth factor I and the stimulation of 
androgen synthesis by insulin is mediated through 
insulin-like growth factor I receptors. The only pre- 
vious attempt to identify insulin-like growth factor I 
receptors in the human ovarian stroma is that of Po- 
retsky and colleagues." In that study, minced ovarian 
tissue rather than stromal membrane preparation was 
incubated with ['*Tinsulin-like growth factor I, and the 
failure to identify insulin-like growth factor I receptors 
could be because of the difference in methods. After 
modification of the assay conditions, these authors were 
able to show specific, high-affinity insulin-like growth 
factor I binding sites on human granulosa cells.” 
Inasmuch as the human ovary has both insulin-like 
growth factor I and insulin receptors, insulin could 
mediate its action on ovarian steroidogenesis either 
through its own receptor or through insulin-like 
growth factor I receptors. In the normal ovary under 
physiologic conditions, insulin may exert its effect 
mainly through its own receptors, whereas in polycystic 
ovarian disease and hyperthecosis, when the insulin 
receptors may be defective and insulin is present in 
pharmacologic concentrations, insulin might mediate 
its action through insulin-like growth factor I receptors. 
This is further supported by the fact that the ovarian 
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stroma of patient D, who had severe hyperinsulinemia 
and ovarian hyperandrogenism, had no measurable in- 
sulin receptors. 

In conclusion, our present data indicate that (1) the 


ovarian stroma has specific binding sites both for insulin 


and for insulin-like growth factor I; (2) in women with 
hyperthecosis, the ovarian stroma has decreased bind- 
ing sites for insulin, but has normal or increased con- 
centration of insulin-like growth factor I receptors; and 
(3) in women with hyperthecosis and hyperinsulinerr ia, 
stimulation of ovarian androgen synthesis by insulu. 
may be mediated through the insulin-like growth factor 
I receptors. 
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Evidence of heterogeneous mechanisms in lipoprotein lipid 
alterations in hyperandrogenic women 


Robert A. Wild, MD, Mary Bartholomew, MS, Deborah Applebaum-Bowden, PhD, 
Laurence M. Demers, PhD,** William Hazzard, MD, and Richard J. Santen, MD® 


Oklahoma City, Oklahoma, Hershey, Pennsylvania, and Winston-Salem, North Carolina 


Fifty-one hyperandrogenic women had their lipoprotein lipid profiles determined. Free and albumin-bound 
testosterone was associated with triglycerides and with high-density lipoprotein cholesterol independent of 
fasting insulin levels, percent ideal body weight, and waist/hip ratio. To gain insight into mechanisms of 
these lipid alterations, the women were subgrouped according to apparent source of androgen excess. 
Whereas all groups had low levels of high-density lipoprotein-2 cholesterol and high triglyceride 
concentrations, only in those with high luteinizing hormone-to—follicle-stimulating hormone ratios was free 
and albumin-bound testosterone associated with triglycerides and high-density lipoprotein cholestero! 
independent of fasting insulin levels. Relationships between percent ideal body weight and waist/hip 
ratios, free and albumin-bound testosterone, sex hormone binding globulin, fasting insulin and 2-hour 
insulin levels and blood pressure are not significant in all subgroups, suggesting differing endocrinological 
influences and differing mechanisms for lipoprotein lipid alterations. (AM J OBsTET GyNecot 1990;163:1998- 


2005.) 


Key words: Hyperandrogenism, lipoprotein lipids, polycystic ovaries, hirsutism, coronary 


vascular disease 


We previously found that women with polycystic 
ovary syndrome have higher triglyceride levels and 
lower values of high-density lipoprotein (HDL) choles- 
terol concentrations than those of regularly menstruat- 
ing nonhirsute, nonhyperandrogenic women.' These 
alterations are apparent when women with polycystic 
ovary syndrome are compared with normal women 
matched for body weight.” We found that in a separate 
group of hirsute hyperandrogenic women these lipo- 
protein lipid alterations are independently associated 
with elevated levels of insulin and androgen.” 

There are a number of altered endocrinological 
influences in hirsute women that can impact on lipid 
metabolism. Because hirsute women are heteroge- 
neous with respect to sources of androgen excess, we 
subgrouped our patients according to apparent source 
of androgen excess to gain insight into possible mech- 
anisms for these lipoprotein lipid alterations. 
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Material and methods 


Fifty-one women with hirsutism were evaluated by 
history, physical examination, determination of andro- 
gens, estrogens, gonadotropins, and fasting and 2-hour 
postprandial glucose and insulin concentrations. Pa- 
tients were sampled in the proliferative nonperiovu- 
latory phase of their cycles. Assays were performed in 
the Core Endocrine Laboratory of the Hershey Medical 
Center by well-established previously reported proce- 
dures.’ Lipoprotein lipids were determined in the Lipid 
Laboratory, Department of Medicine, Bowman Gray 
School of Medicine.’ All assays were standardized 
in accordance with the Center for Disease Control. 
Fourteen-hour fasting lipoprotein lipid profiles were 
obtained from persons known not to have consumed 
alcohol for 3 days before sampling. A portion of these 
results have been reported previously.’ 

Patients with Cushing syndrome, androgen-secreting 
tumors, or prolactinomas were excluded. All women 
were in excellent general health. For 3 months before 
the study, none had taken any medications known to 
affect pituitary-gonadal function, blood pressure, car- 
bohydrate or lipid metabolism. None had blood pres- 
sure >140 mm Hg systolic or 90 mm Hg diastolic. Two 
women were smokers (5 half pack years and 13 one- 
pack years) and two were prior smokers (5 years before, 
but Jess than a half pack per day for 3 years in their 
lifetimes). None consumed excessive amounts of alco- 
hol, and none was vegetarian or eating any other special 
diet. Dietary history, exercise frequency, menstrual his- 
tory, and famuy history of cardiovascular disease were 
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Table I. Correlations, partial correlations, and p values between lipoprotein lipids free and albumin-bound 
testosterone lipoprotein lipids and sex hormone binding globulin in women with hirsutism (N = 51) 


Correlation For fasting insulin 


Triglycerides and free 0.42 0.56 
and albumin-bound (<0.01) (<0.01) 
testosterone 

HDL cholesterol and — 0.35 — 0.33 
free and albumin- (0.02) (0.04) 
bound testosterone 

Triglycerides and sex — 0.46 = 0.35 
hormone binding (<0.01) (0.03) 
globulin 

HDL cholesterol and sex 0.50 0.43 
hormone binding (<0.01) (<0.01) 
globulin . 


Partial adjusting 

For fasting For fasting 
insulin, Yo. IBW insulin, waist/hip For all 3 
0.60 0.54 0.58 
(<0.01) (<0.01) (<0.01) 
— 0.32 — 0.30 — 0.30 
(0.04) (0.06) (0.06) 
— 0.42 — 0.33 ~ ().43 
(<0.01) (0.04) (<0.01) 
0.45 0.42 0.45 
(<0.01) (<0.01) (<0.01) 


uT, Free and albumin-bound testosterone; SHBG, sex hormone binding globulin; IBW, ideal body weight. 


recorded and scored for each patient as described pre- 
viously.’ 

Corticotropin-stimulation studies to test for adult- 
onset congenital adrenal hyperplasia were not per- 
formed because of the infrequence of its occurrence 
outside of high-risk populations.* None of the women 
had a clinical history that suggested congenital adrenal 
hyperplasia (i.e., signs of virilization, early onset of 
symptoms, short stature, appropriate family history, or 
Ashkenazi Jewish or Eskimo ancestry. 

All women had documented hyperandrogenism. To 
gain insight into pathophysiologic mechanisms respon- 
sible for lipoprotein lipid alterations the women were 
evaluated and subgrouped according to apparent 
source of androgen excess. Classic polycystic ovary syn- 
drome includes luteinizing hormone (LH)/follicle- 
stimulating hormone (FSH) ratio >1.5 and elevations 
of one or more androgens, free and albumin-bound 
testosterone, androstenedione, or dehydroepiandros- 
terone sulfate (DHEAS). Idiopathic ovarian hyper- 
androgenism includes women with LH/FSH ratio 
<1.5 and no elevation of DHEAS level. Idiopathic 
adrenal hyperandrogenism includes persons with ele- 
vated DHEAS levels with LH/FSH ratio <1.5 with 
or without elevated androstenedione concentrations. 
High-density lipoprotein-2 (HDL,) cholesterol mea- 
surements were obtained in nine patients with poly- 
cystic ovary syndrome, in 12 patients with idiopathic 
ovarian hyperandrogenism, and in four patients with 
idiopathic adrenal hyperandrogenism. Pearson corre- 
lations were made between the lipoprotein lipid param- 
eters, the androgen, insulin, and blood pressure pa- 
rameters, percent ideal body weight, and waist/hip ra- 
tios in each subgroup. Analysis of variance was used to 
compare mean concentrations of parameters of interest 
in the three subgroups and to test for differences in 
mean levels of lipids, androgens, and insulin variables 


according to waist/hip categories <0.75, >0.75, <0.85, 
and >0.85 for the entire group of hyperandrogenic 
women.’ For the entire group, partial correlation anal- 
ysis was used to determine independent association of 
free and albumin-bound testosterone and sex hormone 
binding globulin with HDL cholesterol and triglycer- 
ides independent of fasting insulin levels, percent ideal 
body weight, and waist/hip ratio. The associations of 
fasting insulin and 2-hour insulin values with HDL 
cholesterol and triglycerides independent of free 
and albumin-bound testosterone, percent ideal body 
weight, and waist/hip ratio were also described by par- 
tial correlation analysis. Partial correlation was also 
used to determine independent associations of free and 
albumin-bound testosterone with triglycerides and with 
HDL cholesterol indepéndent of fasting insulin and 2- 
hour insulin levels in the women with polycystic ovary 
syndrome. Log transformations of triglyceride and in- 
sulin concentrations were made before analysis. 


Results 


The correlations and partial correlation coefficients 
between HDL cholesterol and triglycerides and free 
and albumin-bound testosterone and sex hormone 
binding globulin for the entire group of hirsute women 
are shown in Table I. After adjustment for potential 
interactions, we found significant associations suggest- 
ing that androgen has an influence on lipoprotein lipid 
profiles independent of insulin levels, percent ideal 
body weight, and waist/hip ratios. 

. In contrast, the converse associations of fasting in- 
sulin and 2-hour insulin levels (complete data set not 


shown) with triglycerides (r = 0.52, p < 0.01) and HDL 


cholesterol (r = —0.39, p < 0.01) differed when cor- 
rected for free and albumin-bound testosterone, per- 
cent ideal body weight, and waist/hip ratio. Triglyc- 
erides were associated with fasting insulin and 2-hour 


2000 Wild et al. 


December 1930 
Am J] Obstet Gynecol 


Table II. Clinical parameters and lipoprotein lipids, insulins, and androgens in hirsute women (N = 51) 


Age Years 29 + 1.4 31 + 1.3 27 2 23 
Weight Pounds 180 + 8.4 186 + 8.6 202 + 15.8 
% IBW 134 + 6.2 140 + 6.0 152 + 12.5 
LH/FSH} mIU/mol 2.5.2 0.14 0.8 + 0.07 0.9 + 0.13 
Testosteronet ng/dl 116 + 12.3 84 + 7.8 126 + 12.5 
Free and albumin-bound ng/dl 62 + 10.8 40 + 4.9 61 + 5.6 
testosterone 

SHBG nmol/L 21 2.4 22 + 1.8 17 + 2.8 
Androstenedione ng/m! 3.0 + 0.31 2.0 =. 0.22 3.3 + 0.41 
DHEASS§ ng/ml 2633 + 48] 2005 + 130 5155 + 525 
Triglycerides ng/dl 154 + 36.4 128 + 12.6 130 + 31.5 
HDL cholesterol ng/dl t 38 45 + 2.9 42 + 3.8 
HDL, ng/dl 0.76 1.2 5.5 
Fasting insulin uU/ml 22 + 4.9 22 + 4.5 44 + 26.3 
2-hour insulin uU/ml 176 + 64.5 96 + 20.6 90 + 34.0 


PCOS, Polycystic ovary syndrome; JOH, idiopathic ovarian hyperandrogenism; fAH, idiopathic adrenal a a 
IBW, ideal body weight; SHBG, sex hormone binding globulin. 


*Mean hormone concentrations + SEM. Nine patients with polycystic ovary syndrome, 12 with idiopathic ovarian hyperan- 


drogenism, and four with idiopathic adrenal hyperandrogenism had HDL, measured. 


tPolycystic ovary syndrome greater than others. 


tIdiopathic adrenal hyperandrogenism greater than idiopathic ovarian hyperandrogenism. 


§Idiopathic adrenal hyperandrogenism greater than others. 


Table III. Potential confounding variables in 51 hyperandrogenic women 





PCO 3/17 3/19 
IOH 6/25 l 2/25 
IAH 5/8 0/8 


No. reporting Alcohol 1-2 
being regular limes! wh No exercise 






Close positive 


family history 
&/17 4/14 
&/26 11/25 
5/8 4/8 


PCO, Polycystic ovary syndrome; JOH, idiopathic ovarian hyperandrogenism; JAH, idiopathic adrenal hyperandrogenism. 


insulin levels (r = 0.37, and r = 0.54, respectively, 
p < 0.01) after correcting for potential interactions with 
free and albumin-bound testosterone, percent ideal 
body weight, and waist/hip ratio. However, the asso- 
ciations of HDL cholesterol and fasting insulin and 2- 
hour insulin levels became nonsignificant when cor- 
rections were made for potential interactions. 

For the entire group, persons with waist/hip ratios 
>0.85 had higher fasting and 2-hour postprandial in- 
sulin concentrations than those with waist/hip ratios 
<0.85, Concentrations of sex hormone binding glob- 
ulin were higher in women with waist/hip ratios <0.75 
(p < 0.05). 

The data suggest that androgen may have more of 
an effect on HDL cholesterol concentrations and in- 
sulin may alter triglyceride metabolism. However, both 
androgens and insulin may alter lipoprotein lipid me- 
tabolism in hirsute women. 

The androgen, lipoprotein lipid, and insulin param- 
eters, along with mean ages, weights, and percent ideal 
body weight for the subgroups of women with hyper- 


androgenism are shown in Table II. Significant differ- 
ences among average levels in the three groups were 
not seen except in LH/FSH ratios, testosterone con- 
centrations, and DHEAS concentrations. Average val- 
ues for weight, percent ideal body weight, waist/hip 
ratio, systolic cr diastolic blood pressure were not dif- 
ferent. The women with idiopathic adrenal hyperan- 
drogenism were heavier but not statistically so. Other 
potential confounding variables as they related to the 
three subgroups of the hyperandrogenic women are 
shown in Table III. None was identified as being sig- 
nificant. 

In women with either idiopathic ovarian or idiopathic 
adrenal hyperandrogenism, no association of any of the 
lipoprotein lipids was found with any of the androgens 
or the insulin parameters. The small numbers of pa- 
tients in the group with idiopathic adrenal hyperan- 
drogenism prevent definitive conclusions; however, all 
groups were found to have elevated triglyceride levels 
and all groups were found to have low concentrations 
of HDL cholesterol. Evidence of insulin resistance was 
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Fig. 1. Association of triglycerides with free and albumin-bound testosterone (uT), A, and fasting 
insulin, B, in women with polycystic ovary syndrome. 


found in polycystic ovary syndrome and idiopathic ad- 
renal hyperandrogenism subgroups as well, as noted 
by abnormal high fasting insulin and 2-hour insulin 
concentrations. All groups had low levels of HDL, cho- 
lesterol. 

Only in women with polycystic ovary syndrome were 
both free and albumin-bound testosterone (Figs. 1, A 
and 2, A) and fasting insulin (Figs. 1, B and 2, B) as- 
sociated with triglycerides and negatively with HDL 
cholesterol (Fig. 2). Note that after adjustment for the 


effect of insulin, free and albumin-bound testosterone 
is significantly associated with triglyceride (Fig. 3, A) 
and HDL cholesterol concentrations in these women 
(Fig. 3, B). Fasting insulin level was not associated with 
HDL cholesterol independent of the effect of free and 
albumin-bound testosterone. 

Tables III and IV show the association of percent 
ideal body weight and waist/hip ratios to the parame- 
ters of interest for the entire group and for the three 
different subsets. 
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Fig. 2. Association of HDL cholesterol with free and albumin-bound testosterone (uT), A, and fasting 
insulin, B, in women with polycystic ovary syndrome. 


The associations of free and albumin-bound testos- 
terone and HDL cholesterol were significant for the 
entire group but not for idiopathic ovarian hyperan- 
drogenism and idiopathic adrenal hyperandrogenism. 
The strength of the association of free and albumin- 


bound testosterone with triglycerides and HDL cho- . 


lesterol in the entire group is therefore carried by the 
associations found in women with high LH/FSH ratios, 
depicted here as those with polycystic ovary syndrome. 


Comment 


Women with hyperandrogenism are heterogeneous 
with respect to sources of androgen excess. With the 


exception of a few well-defined inherited disorders® any 
classification of them is arbitrary because there is no 
uniform agreement as to what constitutes essential cri- 
teria for classification. Because LH stimulates ovarian 
androgen production we have classified our women 
with androgen excess into those with polycystic ovary 
syndrome, those with idiopathic ovarian hyperandro- 
genism, and those with idiopathic adrenal hyperan- 
drogenism to gain insight into possible mechanisms 
for their demonstrated lipoprotein lipid alterations. 
Whereas LH is pulsatile, and whereas its pulsatility 
makes a large difference for any given patient or for 
small numbers of patients, with pooled group data this 
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Fig. 3. Association of triglycerides A, and HDL cholesterol, B, with free and albumin-bound tes- 
tosterone (uT) independent of insulin in women with polycystic ovary syndrome. 


makes little difference.’ It is recognized that the terms 


polycystic ovary syndrome, idiopathic adrenal hyperandrogen- 
ism, and idiopathic ovarian hyperandrogenism are arbitrary 
because of potential mixed sources of hyperandrogen- 
ism. Even though all women had low HDL and HDL, 
cholesterol levels and elevated triglyceride levels, only 
those women with high LH values were found to 
have the previously described associations of free 
and albumin-bound testosterone and fasting insulin 
with triglycerides and HDL cholesterol. As previously 
found’? free and albumin-bound testosterone was as- 
sociated positively with triglycerides and negatively with 
HDL cholesterol independent of insulin. 


It is possible that the well-described insulin resis- 
tance® and the higher amounts of LH-dependent an- 
drogen exceéss in polycystic ovary syndrome influence 
lipoprotein lipid metabolism. The role of insulin excess 
associated with insulin resistance in women with poly- 
cystic ovary syndrome has had much recent attention. 
Insulin may act on the ovary either through its own 
receptor or through insulin-like growth factor I recep- 
tors to contribute to androgen production, which may 
secondarily affect lipoprotein lipid metabolism in these 
women. Insulin is known to potentiate the effect of LH 
on ovarian stromal androgen production.’ Specific 
binding sites for insulin-like growth factor I in the ovar- 
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Table IV. Correlations of percentage of ideal body weight to lipids, insulins, and androgens in 


hyperandrogenic women 


Variable 
Cholesterol 0.20 (0.17) 
Triglycerides 0.14 (0.36) 
HDL cholesterol —0.17 (0.25) 
Free and albumin-bound testosterone 0.22 (0.13) 
SHBG — 0.43 (<0.01) 
Fasting insulin 0.43 (<0.01) 
2-hour insulin 0.35 (0.01) 
Systolic BP 0.32 (0.02) 
Diastolic BP 0.27 (0.06) 


Entire group PCOS 
(N = 51) (N = 17) IOH (N = 26) IAH (N = 8) 


0.30 (0.26) 0.55 (<0.01) ~0.13 (0.79) 
~ 0.12 (0.67) 0.34 (0.10) 0.07 (0.87) 
— 0.22 (0.40) ~ 0.08 (0.72) — 0.40 (0.37) 

0.01 (0.96) 0.50 (0.01) 0.44 (0.27) 
~0.25 (0.34) ~0.57 (<0.01) ~0.39 (0.39) 

0.50 (<0.04) 0.49 (0.01) 0.12 (0.79) 

0.33 (0.19) 0.42 (0.03) 0.47 (0.24) 

0.06 (0.82) 0.58 (<0.01) — 0.24 (0.56) 

0.03 (0.91) 0.58 (<0.01) ~0.31 (0.45) 





PCOS, Polycystic ovary syndrome; FOH, idiopathic ovarian hyperandrogenism; IAH, idiopathic adrenal hyperandrogenism; 
SHBG, sex hormone binding globulin; BP, blood pressure. All p values are in parentheses. 


Table V. Correlation of waist/hip ratio to lipids, insulins, and androgens in hirsute women 


Variable 
Cholesterol 0.09 (0.53) 
Triglycerides 0.39 (<0.01) 
HDL cholesterol — 0.30 (0.04) 
Free and albumin-bound testosterone 0.23 (0.11) 
SHBG — 0.27 (0.07) 
Fasting insulin 0.46 (<0.01) 
2-hour insulin 0.38 (<0.01) 
Systolic BP 0.50 (<0.01) 
Diastolic BP 0.33 (0.02) 


Entire group 
N = 5] 


PCOS 
N=17 IOH N = 26 IAHN = 8 
— 0.03 (0.92) 0.10 (0.62) ~ 0.34 (0.45) 
— 0.40 (0.12) 0.35 (0.09) 0.58 (0.17) 
— 0.33 (0.22) — 0.27 (0.22) — 0.38 (0.40) 
—0.25 (0.33) 0.23 (<0.26) 0.58 (0.13) 
—0.07 (0.78) ~0.37 (<0.10) — 0.65 (0.11) 
0.72 (0.01) 0.32 (<0.11) 0.26 (0.57) 
0.58 (0.01) 0.24 (0.24) 0.74 (0.03) 
0.34 (0.17) 0.61 (<0.01) 0.51 (0.19) 
0.24 (0.36) 0.45 (0.02) 0.10 (0.82) 


PCOS, Polycystic ovary syndrome; JOH, idiopathic ovarian hyperandrogenism; JAH, idiopathic adrenal hyperandrogenism; 
SHBG, sex hormone binding globulin; BP, blood pressure. All p values are in parentheses. 


ian stroma of women with polycystic ovary syndrome 
and hyperthecosis have been found." A feasible alter- 
native mechanism for the altered lipid findings is that 
insulin working through insulin-like growth factor I 
receptor in the ovary may stimulate androgen produc- 
tion and secondarily affect lipid metabolism as opposed 
to insulin’s well-known direct effects on liver metabo- 
lism. Low levels of HDL,-cholesterol concentrations 
were found in all the subgroups. Concentrations of 
HDL, cholesterol fluctuate depending on modulation 
of hepatic lipase, which is known to be sex steroid re- 
sponsive," and the action of lipoprotein lipase, which 
is known to be insulin responsive.” 

Excess body weight and android body fat distribu- 
tion independent of the influence of obesity affect 
insulin resistance in nonhirsute women.’ Concentra- 
tions of sex hormone binding globulin reflect andro- 
gen/estrogen" and insulin” influence, In women with 
polycystic ovary syndrome, fasting and 2 hour insulin 
concentrations were associated with waist/hip ratio and 
percent ideal body weight. In women with idiopathic 
ovarian hyperandrogenism, the androgen, insulin, and 
blood pressure variables were associated with percent 
ideal body weight and waist/hip ratios (Table IV and 
V). This is of interest because higher waist/hip ratios 


may reflect androgen influence.” Y Waist/hip ratio is 
a useful predictor of diseases of the circulatory system.” 
It is likely that these differing associations in women 
with polycystic ovary syndrome versus idiopathic ovar- 
ian hyperandrogenism reflect differing pathophysio- 


logic mechanisms or alternatively similar pathophysi- 


ologic influence viewed at different times during de- 
velopment. 

Recent epidemiologic data suggest that hyperinsulin- 
ism is the initial abnormality that accounts for the as- 
sociation of ischemic heart disease with glucose intol- 
erance, obesity, and hypertension. Hyperinsulinemia is 
associated with a higher risk of coronary vascular dis- 
ease than obesity, glucose intolerance, or even diabetes. 
Healthy persons with hyperinsulinemia and normal 
glucose tolerance may have an increase in risk factors 
for cardiovascular disease as compared with a well- 
matched group of healthy subjects with normal insulin 
levels.'® It is possible that women with idiopathic ovar- 
ian hyperandrogenism display the insulin resistance X 
syndrome referred to by Reaven.” With aging and 
long-standing insulin resistance there is elevated in- 
sulin, elevated blood pressure, elevated androgen, el- 
evated triglyceride, and lowered HDL cholesterol 
levels. It is possible that DHEAS confers protection 
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against death, cardiovascular disease in particular,” 
through disturbing this relationship. Clearly, the rela- 
tionships between insulin resistance, blood pressure, 
and lipoprotein lipid metabolism in various subgroups 
of hyperandrogenic women need further investigation. 

Whereas the exact mechanism(s) as to why these al- 
terations occur remains to be elucidated, our studies 
suggest that women with hyperandrogenism are at in- 
creased risk of coronary vascular disease. The insulin 
resistance, the increased waist/hip ratios, and the al- 
tered lipoprotein lipid metabolism that some of these 


women display, coupled with sedentary life styles,’ hy- 


pertension,” and diets low in fiber and high in satu- 
rated fats! may place some of them at risk of coronary 
vascular disease. Hirsutism, a common manifestation 
of androgen excess may signal that risk.’ 
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Lectins and heparin-binding features of human spermatozoa as 


analyzed by flow cytometry 
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Sperm cell surface characteristics may serve as a useful diagnostic feature for the evaluation of seminal 
samples, but to date no useful analytical method(s) is available for their routine quantitative analysis. 
Fluorescein isothiocyanate—conjugated lectins, proteins with unique and specific saccharide-binding 
characteristics, and heparin are potentially useful markers for such an analytical procedure. A protocol is 
outlined whereby frozen semen is thawed and treated with either fluorescein isothiocyanate—conjugated 
soybean agglutinin SBA (Glycine max), peanut agglutinin PNA (Arachis hypogaea), and garden pea 
agglutinin PSA (Pisum sativum) lectins or fluorescein isothiocyanate—heparin to assess differences in 
spermatozoa-bound fluorochrome by flow cytometry. Use of propidium iodide to identify nuclei containing 
sperm cells within the ejaculate is essential to the method because of the large amount of debris 
associated with the samples. The precision of the assay is high, with the coefficient of variation for the 
individual probes being <20%. Analysis of a patient pool of 22 revealed that a range in binding properties 
is observed énd a mode of grouping these samples into classes for later analysis is outlined. Semen 
parameters and fluorescein isothiocyanate—ligand binding values were different in a populaticn of 
unproven fertility as compared with a comparable population of known fertility. A positive correlation 

(p < 0.001) for garden pea agglutinin PSA birding and concentration of motile cells, percentage of 
motility, and number of motile cells was found. These data suggest the possible utility of flow cytometry for 
the assessment of human seminal samples. (Am J OBSTET GYNECOL 1990;163:2006-12.)° 


Key words: Lectins, heparin, human spermatozoa, flow cytometry ' 


An elusive goal of andrology research has been the 
development of laboratory-based assays that possess a 
predictive capacity for evaluation of the fertility of se- 
men samples; to date no such method(s) has been de- 
veloped. Reasons are not apparent but may be related 
to a necessity for a multivariate analysis, with each as- 
pect directed to the evaluation of a unique and oblig- 
atory aspect of the functional sperm cell. Reasonable 
candidates include anlaysis of motility, acrosomal status, 
and sperm surface features related to sperm binding 
to the ovum.’ 

Progress toward such a pattern of analysis is being 
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made in that reasonable candidates for sperm func- 
tionality have been identified and some quantitative 
assays have been developed.'* Techniques and instru- 


‘ments for computer-assisted analysis of spermatozoal 


motility are available, although appropriate incubation 
and sample preparation techniques for retention (or 
induction) of motility characteristics appropriate for 
predictive analysis have yet to be identified. Even less 
progress has been made in the quantitation of sperm 
surface characteristics related to successful sperm- 
ovum binding and acrosomal activation. 

Fluorescein tsothiocyanate—lectins, high molecular 
weight glycoproteins with an affinity for saccharide 
molecules, have been used in conjunction with flow 
cytometry as probes for terminal saccharides on the 
surface membranes of ram sperm.’ Heparin, another 
glycoprotein whose binding to bull sperm has been 
tested for correlation to fertility, also may serve as a 
potential ligand for classification of human spermato- 
zoal surface features.'*’ 

We describe herein an attempt to classify human 
sperm by quantitation of binding properties of indi- 
vidual cells by flow cytometry. Because a quantitative 
evaluation of fertilization potential of human sperm 
samples is difficult, attention in preliminary studies is 
best directed to screening samples for those descriptors 
that reflect extremes in the population. The underlying 
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assumption of this approach is that a validated quan- 
titative analysis of semen samples from an unscreened 
(i.e., unknown fertility) population should allow group- 
ing of the population into two or three classes related 
to the detection of outliers from the population mean. 
Subsequent studies then can focus on a more refined 
set of descriptors in a detailed comparison of sper- 
matozoal features and measurements of fertility. 


Material and methods 


After obtaining the appropriate Human Subject’s 
Committee clearance, semen was collected from 22 
males who requested infertility evaluation and one con- 
trol. The semen was allowed to liquify and was sub- 
jected to computer analysis. The control subject was a 
donor for the artificial insemination program and his 
fertility had been documented. The control subject pro- 
vided eight semen samples for flow cytometric analyses 
at regular intervals throughout the study period. These 
semen samples were collected and analyzed in parallel 
with the infertility population. Aliquots were then re- 
moved and frozen at — 196° C. Frozen sperm samples 
were rapidly thawed in the presence of 70% ethanol 
(added 1:1, vol: vol), centrifuged at 300 g for 10 min- 
utes, and resuspended in Hanks’ balanced salt solution, 
pH 7.2, buffered with 5 mmol/L HEPES buffer. Cells 
were diluted to a concentration of 4 x 10’ cells/ml. 

Computer-assisted semen analysis. Sperm concen- 
trations were evaluated with a Cellsoft automated se- 
men analyzer (CRYO Resources, Ltd., New York, N.Y.). 
Other sperm traits analyzed included total cell number, 
concentration of motile cells, percentage of motility, 
velocity mean, ard linearity mean. Standard equipment 
(Olympus BH2 microscope, 10 x objective, 6.7 x pho- 
tographic eyepiece, MTV-3 video camera adaptor, 10- 
unit Makler chamber) for operation of an automated 
semen analyzer was used. The general parameters for 
the semen analysis were as follows: frames, 20; Hz, 30; 
minimum sampling for motility, 1; minimum sampling 
for velocity, 3; maximum for velocity, 200; threshold 
velocity, 8; threshold gray, 115; Pixel scale, 0.688; di- 


lution factor, 1; cell size range, 5 to 25. After computer | 


analysis, aliquots were removed and frozen in 7.5% 
glycerol at — 196° C or without glycerol. 

Lectins and heparin. Fluorescein isothiocyanate— 
conjugated lectins were obtained from E-Y Laborato- 
ries (San Mateo, Calif.). The lectins used in this study 
were as follows: soybean agglutinin SBA (Glycine max) 
(binding specificity for N-acetyl galactosamine residues, 
and a-D-galactose), peanut agglutinin PNA (Arachis 
hypogaea) (binding specificity for B-p-galactose resi- 
dues), and garden pea agglutinin PSA (Pisum sativum) 
(binding specificity for a-D-mannose). Fluorescein 
isothiocyanate—heparin was purchased from Polysci- 
ences (Warranton, Pa.). Extensive preliminary experi- 
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ments (data not presented) established the following 
protocol. In a final volume of 0.5 ml, 0.05 ml cells 
(2 x 10°) were added to fluorescein isothiocyanate— 
conjugated lectin (1 to 210 pg), 10 wg propidium iodide 
and brought to a final volume of 0.5 ml with Hanks’ 
balanced salt solution. Cells were incubated at room 
temperature for 30 minutes. Preliminary tests indicated 
that lectin binding was maximum by this time and no 
further increase in cellular fluorescence was noted 
when longer incubation times were used. 

Automated quantification by flow cytometry. Fluo- 
rescence measurements were performed on a flow cy- 
tometer EPICS V, (Coulter Electronics, Hialeah, Fla.). 
The filters were arranged as follows: 515 nm laser 
blocking filter, 560 dichroic with an additional 515 nm 


long pass filter in front of the green photomultiplier 


tube (lectin-fluorescein isothiocyanate measurement) 
and a 590 long pass in front of the red photomultiplier 
tube [PI-deoxyribonucleic acid (DNA) measurement]. 
Photomultiplier high-voltage settings were adjusted so 
that 10 um fluorescent microspheres (lot number 4009, 
Coulter Electronics) fell in channel 172 for the log in- 
tegrated green fluorescence parameter. The amplifier 
gains were adjusted to place the maximum signal 
from these standards in the same channel (172), 
thus minimizing variability between experiments. The 
instrument-default set-threshold-gating value for the 
amplifiers was used during data acquisition. All mea- 
surements were gated on log integrated red fluores- 
cence which is a measure of DNA, to eliminate debris 
and clumps from the lectin distribution. Under these 
operating conditions, no signal was detected when un- 
stained cells were passed through the instrument. 
Thus all data displayed represent sperm with varying 
amounts of bound lectin or heparin. A total of 1 x 10' 
sperm cells with this gate were counted. 


Results 


The necessity of counterstaining and gating for pro- 
pidium iodide-positive cells (DNA-containing) cannot 
be overemphasized. Typically, only 25% to 40% of each 
sample were DNA-containing particles. The remainder 
was debris. 

To eliminate potential health hazards associated with 
semen that contains the frozen sperm human immu- 
nodeficiency virus (HIV), suspension was thawed in the 
presence of equal volume of 70% ethanol. Such treat- 
ment could displace glycoproteins from the sperm sur- 
face, but the practice was viewed as reasonable because 
the analysis involves formation of microdroplets during 
analysis by flow cytometry. In an experiment to com- 
pare fresh versus ethanol-treated bovine sperm (data 
not shown), neither the population distribution nor the 
total amount of fluorescein isothiocyanate—heparin 
bound per cell was altered by the ethanol treatment. 
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Table I. Differences in seminal properties and fluorescein isothiocyanate—conjugated ligand voltages 
between subjects with unproven fertility and control ejaculates (means + SEM) 


Unproved 
fertility Control 


p Value 

Concentration (million/ml) 60.8 + 8.3 119.3 = 13.3 0.0001 
Concentration of motile cells 38.2 + 8.3 59.8 = 16.3 0.018 

(million/ml) 
Motility (%) 50.3 + 5.2 58.8 + 6.3 0.12 
Total no. cells per ejaculate 174.6 + 28.5 231.8 = 31.8 0.059 

(millions) 
Velocity (m/sec) 39.3 + 43.7 + 2.3 0.039 
Linearity ae 5.8 + 0.2 0.0001 
Abnormal morphology (%) . 16.4 + 19.6 + 2.6 0.185 
White blood cells* (/hpf) 6.424 6+ 1.5 0.806 
pH 74+ 7.3 + 0.05 0.359 
Volume 3.03 + 0. 3.14 + 0.52 0.782 
Heparin 0.11 + 0.003 0.16 + 0.002 0.0001 
SBA 0.102 + 0.005 0.179 + 0.008 0.0001 
PNA 0.113 + 0.006 0.202 + 0.007 0.0001 
PSA 0.151 + 0.01 


0.335 + 0.02] 0.0001 


SBA, Soybean agglutinin SBA; PNA, peanut agglutinin PNA; PSA, garden pea agglutinin PSA. 


*Per high-power field. 


A one-sample Student's t-test was used to compare 
the differences in seminal properties and fluorescein 
isothiocyanate—ligand voltages between the patients 
with unproved fertility and the ejaculates obtained 
from the control (Table I). This revealed a significant 
difference in several semen parameters (p < 0.05) and 
all fluorescein isothiocyanate—ligands used (p < 0.001). 

Linear regression models were used to compare flu- 
orescein isothiocyanate—ligands bound to sperm and 
semen characteristics.” Data were analyzed with a min- 
imum confidence level of 95%. Analysis of binding of 
fluorescein isothiocyanate—ligands relative to seminal 
properties determined ‘by an automated semen ana- 
lyzer revealed a positive correlation (p < 0.0001) for 
. garden pea agglutinin PSA binding and percentage of 
motility, concentration of motile cells, and number of 
motile cells. A negative correlation (p < 0.05) for gar- 
den pea agglutinin PSA and percentage of abnormal 
cells was also found. The remaining. seminal traits of 
ejaculate volume, sperm velocity, linearity, ejaculate 
pH, and white blood cell count were not correlated with 
the binding of any of the fluorescein isothiocyanate— 
ligands. l 

Preliminary experiments determined the concen- 
tration of lectin or heparin necessary to accurately es- 
timate the surface determinants and thereby allow 
quantitative comparisons of semen samples. Nonspe- 
cific binding of lectins was evaluated (data not shown) 


by adding sugars that competitively displace the fluo- | 


rescein isothiocyanate—lectin from the surface. The flu- 
orescence associated with the sperm cells was reduced 
about tenfold by such treatment. Attempts to accom- 
plish a similar test for heparin were unsuccessful be- 
cause no true competitive ligand is available to displace 


any previously bound fluorochrome. The results (Fig. 
1) of a titration of fluorescein isothiocyanate—lectin or 
heparin versus fluorescence intensity as assessed in the 
flow cytometer established that the following amounts 
of ligand were sufficient to allow estimation of the bind- 
ing capacity of the surface of the cells: soybean agglu- 
tinin SBA and peanut agglutinin PNA, 70 wg; garden 
pea agglutinin PSA, 60 wg; and heparin, 100 pg. Tests 
of other lectins, castor bean agglutinin RCA (Ricinus 
communis) and concanavalin A agglutinin Con A (Can- 
avalia ensiformis) established that accurate analyses 
could not be accomplished at lectin contents of <70 
wg; therefore these ligands were not studied further. 
A typical distribution profile for one subject (assayed 
with the stated ligand concentrations) for the three lec- 
tins and heparin is provided in Fig. 2. An estimate of 
fluorescence intensity per sample forthe 1 x 10'sperm 
analyzed is indicated by an asterisk. For all subsequent 
comparisons, this expression of the primary data for 
peak intensity (expressed as channel number and ona 
logarithmic scale) was converted to phototube voltage 
on a linear scale. 

Once the appropriate level of lectin or heparin was 
established, a single semen sample from each of 22 
subjects was analyzed. In addition, replicate analyses of 
eight semen samples obtained from a single subject with 
proved fertility over a 5-month period were made for 
comparison with the infertile population and to deter- 
mine the variability in the assay (Fig. 3); the coefficient 
of variation for this subject was 4.5% for heparin, 13.9% 
for soybean agglutinin SBA, 10.1% for peanut agglu- 
tinin PNA, and 17.4% for garden pea agglutinin PSA. 

To detect outliers in this set of semen samples, the 
mean fluorescence for each lectin was calculated for the 
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Fig. 1. Titration of sperm surfaces with increasing ligand concentration. Sperm were treated with 
increasing concentrations of fluorescein isothiocyanate—ligand and fluorescence intensity of nu- 
cleated particles in suspension was assessed as outlined in text. These data established that repro- 
ducible evaluation of extent of ligand binding to sperm could be accomplished for the four com- 
pounds presented. Those curves with identical symbols represent analyses of same sperm suspension 
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22 singly analyzed samples. The equation [(X, — 
Xmemn)/ SD] was used to display the difference between 
the sample value ¢X,) and the population mean (Xmen) 
in terms of the SD for that lectin (Fig. 4). For com- 
parison, the control sample with its SD for eight rep- 
licate analyses is presented. The 22 samples were 
grouped into classes (Table II) according to their dif- 
ference from the sample mean. The scheme used for 
subsequent comparisons was: group a, within 1 SD of 
the mean; group b, >1 SD but <2 SD from the mean; 

and group c, >2 SD from the mean. 

An example of a subject with uniquely high binding 
capacity was subject 22. This subject had normal semen 
parameters according to our laboratory (concentration, 
64.5 million/ml; percentage of motility, 57%; concen- 
tration of motile cells, 37.3 millton/ml; abnormal 
forms, 22%). 


Comment 


The initiation of a study of potentially important de- 
scriptors of the sperm surface ts critically dependent 
on the choice of ligand for the study. Our choices were 
made on the basis of previous results for human and 
ram sperm. Two ligands have been shown to be related 
to features known to be involved in successful sperm- 
ovum binding. Heparin binding to human sperm has 
been shown to be positively correlated with the capacity 
of such sperm preparations to bind and penetrate de- 
nuded hamster ova' whereas garden pea agglutinin 


PSA binding to human sperm has been shown to be 
directly related to extent of the acrosome reaction.® ° 
Thus differences among subjects in these two param- 
eters could be related to fertilization capacity. The other 
two ligands studied, soybean agglutinin SBA and pea- 
nut agglutinin PNA, were chosen because previous 
studies of ram sperm revealed changes in their binding 
capacity associated with physiologic states; however, no 
direct relationship to fertilization capacity has been in- 
ferred from previous data. 

The large amount of debris (e.g., nonnucleated par- 
ticles) in human semen presents a special challenge to 
analysis by How cytometry. Use of propidium iodide to 
select (gate on) particles for analysis is critical because 
some of the debris binds lectins and heparin. As an 
example, when heparin binding to all particles was an- 
alyzed at least three populations of fluorescent particles 
were detected rather than the single distribution shown 
in Fig. 2. 

In our study, samples from the patients and the con- 
trol subject were collected throughout the study period 
but were assayed simultaneously to avoid interassay 
variation and statistical bias. This required storing fro- 
zen samples until the assays were performed. In ad- 
dition, because of obvious reasons, the use of frozen 
samples was the only way in which two laboratories 
from different parts of the country could collaborate 
in this project. 

It is true that the use of frozen-thawed sperm may 
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Fig. 2. Binding properties of ligands to sperm within a seminal sample. When sperm were assayed 
under optimum concentrations of fluorescein isothiocyanate—ligand (see text), homogeneous dis- 
tribution of amount of fluorescence per cell (logarithmic scale; X axis) versus percent of population 
with nucleated particles (sperm; linear scale; ¥ axis) was detected for each ligand. Position of major 
peak in each distribution on the basis of analysis of 1 X 10' sperm, is marked with asterisk; this 
fluorescence value was used as descriptor for entire population-in subsequent calculations. 
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Fig. 3. Analysis of ligand binding properties of individual ejaculates by fow cytometry. Single 
ejaculates from 22 men were analyzed as outlined in text. Fluorescence intensity of major peak 
(asterisk, Fig. 2) was transformed from channel number (logarithmic scale) to linear scale (voltage) 
for direct comparison in this plot. Last bar to right (cross-hatch) represents mean value (+1 SD) for 


analysis of eight ejaculates from one contro! subject. 


lead to the release or exposure of internal components 
from their membranes. However, the Center for Dis- 
ease Control and the American Fertility Society have 
recommended the exclusive use of frozen semen as an 
important.safeguard for patients.’® © Thus it is impor- 
tant to develop techniques to quantitatively assess 
potential for fertility of cryopreserved human semen 


samples, although the conclusions drawn from these 
descriptors may not necessarily apply to fresh sper- 
matozoa. 

Although we noted that in fresh versus ethanol- 
treated bovine spermatozoa there was no difference in 
the amount of ligand bound per cell or in the popu- 
lation distribution, this experiment could not be carried 
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Fig. 4. Normalization of ligand binding properties of individual ejaculates. Data of Fig. 3 were 
normalized relative to mean binding properties of the 22 samples analyzed. Expression of difference 
in total binding for each sample from that of mean (in terms of SD for binding of that ligand) allows 
direct comparison within subjects across ligands to be tested. Light line represents +1 SD and heavy 
line represents + 2 SD. Population mean + SEM (expressed in volts output from detector per cell 
analyzed) for each lectin were as follows: heparin, 0.110 + 0.018; soybean agglutinin SBA, 
0.162 + 0.023; peanut agglutinin PNA, 0.113 + 0.047; garden pea agglutinin PSA, 0.151 + 0.047. 
Last bar (cross-hatch) represents mean value (+ 1 SD) for analysis of eight ejaculates from one subject 


and was not included in population mean. 


out with human spermatozoa. In the past, some inves- 
tigators performed fluorescence-activated cell sorting 
of human spermatozoa without ethanol treatment.” 
However, this practice is now considered unsafe be- 
cause HIV has been isolated from the semen of patients 
with HIV after the samples were cryopreserved in liq- 
uid nitrogen.’ An experiment comparing fresh versus 
ethanol-treated human spermatozoa would defy cur- 
rent recommendations from the Center for Disease 
Control to prevent the formation of HIV-containing 
microdroplets.'* '® 

The lectin-binding properties of human sperm are 
remarkably constant and homogeneous. Under the 
conditions used, a single major population was de- 
tected. For the sample assayed to establish repeatability, 
the fluorescence intensities of the individual ejaculates 
were highly reproducible with a coefficient of variation 
of <20% approaching that expected from standard 
gamete biology laboratory assays. Such reproducibility 
should allow detection of those sperm preparations that 
possess unique binding features. | 

Sperm preparations with uniquely high or low bind- 
ing capacities for the ligands tested were detected (Fig. 
4 and Table II). Over half the samples analyzed had 
binding properties within 1 SD of the mean (group a 
of Table II). Assays with both the ligands with unknown 
relation to fertilization capacity (soybean agglutinin 
SBA and peanut agglutinin PNA) and the pair (heparin 


Table II. Relationship of ligand binding to 
surfaces of human sperm 






Ligand tested 









Patient Heparin 





l a +b a a 
2 a a a a 
3 — b a a a 
4 ~—b — b a a 
5 +b +b a a 
6 a a a a 
7 a a —b +b 
8 a a a a 
9 a a a a 
10 a a a a 
LI a a a a 
12 a a a — b 
13 —b —b a —b 
14 a a +b a 
15 a a a a 
16 +b a +b a 
17 a a a — b 
18 a a a a 
19 a +b a +b 
20 a a +b à 
2] +b +h a +b 
22 +b +c +e +b 


SBA, Soybean agglutinin SBA; PNA, peanut agglutinin 
PNA; PSA, garden pea agglutinin PSA. 

Binding properties of sperm were assessed from-the-data 
presented in Fig. 4 and classified according to the scheme 
presented in the text. A plus or minus sign indicates a value 
above or below the population mean, respectively. 
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and garden pea agglutinin PSA) previously related to 
essential features of sperm-ova interactions, revealed 
individual samples with uniquely high or low binding 
capacities. For example, subject 22 had high binding 
capacity especially for soybean agglutinin SBA and pea- 
nut agglutinin PNA, and this subject had normal semen 
parameters. Also note that in the control subject the 
binding values for all the probes, including heparin, 
were >2 SDs from the infertile population mean. At 
this time the significance of such variation is unknown, 
but the ability to precisely detect such variants is essen- 
tial to an eventual test of any relation to fertilization 
capacity of the sperm preparation. 

A statistical test of the ligand-binding variables with 
results of analysis by an automated semen analyzer of 
seminal properties before freezing revealed a few re- 
lationships: a positive correlation (p < 0.0001) for gar- 
den pea agglutinin PSA binding and concentration of 
motile cells, percentage of motility, and number of mo- 
tile cells. The significance of these is not apparent be- 
cause no relationship of motility to a surface property 
has been established. However, a positive correlation 
between these seminal properties and fertilization of 
human oocytes in vitro has been shown by other in- 
vestigators."* 

Fluorescein isothiocyanate—lectin and fluorescein 
isothiocyanate—heparin binding has not been related 
to fertility in human beings. However, the correlations 
between these fluorescein isothiocyanate—ligands and 
several sperm physical and morphologic traits suggest 
the possible use of flow cytometry to assess human 
semen. In addition, the differences in fluorescein 
isothiocyanate—ligand measurements between patients 
and control ejaculates indicate that the binding of these 
probes may be a predictor of fertility in human beings. 
Further research is warranted to establish the useful- 
ness of this assay, particularly in a clinical context. 
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Preembryo biopsy and analysis of blastomeres by 


in situ hybridization 


Jamie A. Grifo, MD, PhD,"* Ann Boyle, BS, MS, Evan Fischer, BA," Gad Lavy, MD," 
Alan H. DeCherney MD,’ David C. Ward, PhD, and Mrinal K. Sanyal, PhD* 


New Haven, Connecticut 


We developed a method for the biopsy of preimplantation mouse embryos (preembryos) at the four- to 
eight-cell stage, which uses partial zona pellucida dissection. The preembryos were collected in 

calcium- and magnesium-free phosphate-buffered saline solution with 0.01% ethylenediaminetetraacetic 
acid, 0.1 mol/L sucrose, and 4 mg/ml of bovine serum albumin to facilitate removal of blastomeres. This 
allows entry of a fine micropipette into the perivitelline cavity with subsequent removal of a single 
blastomere by gentia suction. The majority of embryos (75%) from which biopsy specimens were obtained 
in this fashion developed to the blastocyst stage. The blastomeres obtained were mainly intact and they 
were fixed to glass slides. After permeabilization, in situ hybridization was performed with chromosome 
X— and chromosome 3—specific probes. Human unfertilized eggs and blastomeres from human 
polyspermic embryos aiso have been analyzed by in situ hybridization with chromosome specific probes. 
The combination of nondestructive embryo biopsy and in situ hybridization is a possible approach for 
preimplantation genetic diagnosis. (Am J OssteT Gynecot 1990;163:2013-9.) 


Key words: Preembryo biopsy, in situ hybridization, blastomere 


Recent advances in molecular genetics have im- 
proved the sensitivity of methods used for genetic di- 
agnosis. Two techniques in particular, the polymerase 
chain reaction and in situ hybridization permit the anal- 
ysis of the genetic material of a single cell. The sensi- 
tivity of polymerase chain reaction is achieved by en- 
zymatic amplification of target deoxyribonucleic acid 
(DNA) sequences by a factor of 10*-fold or more.' In 
contrast, in situ hybridization allows the direct visual- 
ization of single genes in metaphase chromosomes or 
interphase nuclei." The micromanipulation of preem- 
bryos could allow specific preimplantation diagnoses to 
be made. Currently, genetic diagnoses are limited to 
the postimplantation period and are performed by cho- 
rionic villus sampling or amniocentesis. If genetic di- 
agnoses could be achieved in preimplantation embryos 
with no untoward effects then in vitro fertilization tech- 
nology could be used for fertile couples at genetic risk. 
Because a broad range of diseases can be diagnosed by 
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polymerase chain reaction or in situ hybridization, the 
technique of in vitro fertilization coupled with preem- 
bryo biopsy could provide the conduit from which these 
technologies can be applied to the human species. 
Edwards‘ first suggested that sex-linked recessive dis- 
orders could be diagnosed by sampling trophoblast cells 
removed from blastocysts. Sex of bovine preembryos 
has been determined by chromosome analysis*® or Y 
chromosome—specific DNA probes.’ Monk et al.® have 
diagnosed a deficiency of the X-linked enzyme hypo- 
xanthine phosphoribosyl transferase in mouse preem- 
bryos before transfer. However, analyses of this nature 
are limited to enzyme deficiency diseases that can be 
detected by microenzyme assay. Trophectoderm bi- 
opsy has been successfully carried out in marmoset 
monkey. These cells were cultured for analysis and the 
embryos were transferred with resultant live-born off- 
spring.’ Sex of the human preembryo has been suc- 
cessfully determined with chromosome-specific probes 
and in situ hybridization. However, this used a tritiated 
Y chromosome-—specific probe that required a long 
time for diagnosis and the analysis used the whole em- 
bryo in a destructive fashion.’ Whereas this method is 
successful, it would provide no clinical application. Re- 
cently, Handyside et al. determined the sex of the 
human preembryo in a nondestructive fashion with em- 
bryo biopsy in conjunction with polymerase chain re- 
action. They were able to remove a single blastomere, 
amplify Y-specific DNA repeat sequences, and culture 
embryos from which biopsy specimens were obtained 
to blastocysts at the same rate as that of embryos from 
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which biopsy specimens were not obtained. Holding 
and Monk" diagnosed B-thalassaemia by polymerase 
chain reaction in single blastomeres from mouse preim- 
plantation embryos. The unique feature of this study 
is that they were able to amplify a region of a gene in 
a single diploid blastomere by a method that is theo- 
retically applicable to any single copy genetic disorder 
in which a mutation or deletion is the cause. Wilton 
and ‘Trounsen’* recently described a method of mouse 
preembryo biopsy with successful cryopreservation. In 
addition, they developed a method for culture of blas- 
tomeres that after 6 days resulted in 20-cell nuclei per 
_ cultured blastomere.” Whereas in situ hybridization 
can be applied to a single cell, the ability to culture 
blastomeres would facilitate a more reliable diagnosis. 
In situ hybridization allows numeric chromosome anal- 
ysis and is not limited by contamination. These are 
distinct advantages over polymerase chain reaction for 
analysis of single cells. 

In this article we describe a method of embryo biopsy 
that uses partial zona dissection and we describe the 
first successful in situ hybridization with blastomeres 
obtained by embryo micromanipulation. In addition, 
we performed in situ hybridization with both unfertil- 
ized human eggs and with polyspermic human em- 


bryos. 


Material and methods 


Embryo collection. Female mice B6xC3/F1 were su- 
perovulated by intraperitoneal injections of 5 IU of 
pregnant mare serum gonadotropin (Gestyl, Diosynth) 
followed 48 hours later by 5 IU of human chorionic 
gonadotropin (Pregnyl, Organon) and mated with 
male B6xC3/F1 mice. Mated females were killed ap- 
proximately 48 hours later and embryos were flushed 
from the oviducts with either Hoppe-Pitts media or 
phosphate-buffered saline solution with 4 mg/ml bo- 
vine serum albumin. Embryos were obtained at the two- 
cell to four-cell stage and 80% to 90% achieved the 
blastocyst stage when cultured in our system. Four- to 
eight-cell embryos were incubated for 30 minutes in 
calcium- and magnesium-free phosphate-buffered sa- 
line solution with 0.01% sodium ethylenediaminetetra- 
acetic acid (EDTA) to reduce intercellular contacts. 
They were transferred to a small drop on a Lab- 
Tek microculture slide with the plastic chamber re- 
moved and covered with paraffin oil equilibrated with 
phosphate-buffered saline solution. Human polyploid 
embryos and oocytes that failed to fertilize were ob- 
tained from the in vitro fertilization program (Human 
Investigation Protocol 5443). 

Micromanipulation. A single blastomere was re- 
moved from four- to eight-cell embryos with an in- 
. verted microscope and Narishige micromanipulators 
(Fig. 1). A holding pipette of approximately 80 
uwmol/L outside diameter with a 30 pmol/L inside di- 
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ameter was fire polished with a Nikon microforge. A 
sharpened dissection pipette was used for zona dissec- 
tion and a microbiopsy pipette was pulled to a 10 to 20 © 
wmol/L outside diameter with a 5 to 15 mol/L inside 
diameter. The preembryo was stabilized with gentle 
suction through the holding pipette and a slit was made 
through the zona pellucida with a sharpened dissection 
pipette similar to the method of Malter and Cohen.” 
The dissection pipette was removed and replaced by a 
biopsy pipette that was placed into the zona slit, anda 
blastomere was aspirated partially into the pipette un- 
der controlled suction. The blastomere was removed 
from the zona and the preembryo was placed into the 
Hoppe-Pitts media for continued culture after three 
passes into fresh media droplets. Embryo culture was 
done in microdrops under paraffin oil equilibrated with 
media. 

Analysis of blastomeres. Blastomeres obtained in 
media droplets under oil were fixed directly onto the 
tissue culture slides under a Zeiss dissecting micro- 
scope in the following fashion. Two fixation protocols 


_were used, one with 4% paraformaldehyde in 1/2X% 


phosphate-buffered saline solution the other with 0.075 
mol/L potassium chloride solution to swell the cell. Me- 
dia was replaced with 4% paraformaldehyde in 1/2X 
phosphate-buffered saline solution or 0.075 mol/L po- 
tassium chloride and blastomeres incubated for 15 to 
30 minutes. The oil was removed by suction and the 
solution surrounding the blastomere was removed 
without dislodging it. As the blastomeres started to air 
dry methanol/acetic acid (3:1) was dropped on to fur- 
ther fix them to the slide. This last step was repeated 
after air drying and finally 100% methanol was applied 
to remove excess oil and debris. Blastomeres were 
stored fixed at 4° C. Later experiments showed no need 
for paraformaldehyde fixation and this step was omit- 
ted. When this was done no permeabilization was re- 
quired either. Human oocytes and polyploid embryos 
were processed in a manner similar to mouse preem- 
bryos; however, polyploid preembryos were not cul- 
tured after biopsy because all blastomeres were fixed 
to glass slides. The polyploid embryo shown in Fig. 2 
had five blastomeres in it and only three were retained 
on the glass slide after the in situ hybridization pro- 
cedure. 

Permeabilization. Blastomeres were equilibrated in 
phosphate-buffered saline solution with 20% glycerol 
for 30 minutes and then 0.5% triton (vol/vol), 0.5% 
saponin (wt/vol) in phosphate-buffered saline solution 
for 10 minutes. The slides were immersed in liquid 
nitrogen for 5 seconds and allowed to thaw. Two ad- 
ditional freeze-thaw steps were performed. This per- 
meabilized the cell to allow biotinylated DNA probes 
access to the nucleus during in situ hybridization. When 
it was omitted variable results were obtained with 
in situ hybridization in paraformaldehyde-fixed blas- 
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Fig. 1. Preembryo biopsy with zona dissection and removal of blastomere. Panel A, Four-cell mouse 
preembryo with slit in zona is immobilized on holding pipette. Panel B, Biopsy pipette is placed 
gently inside zona pellucida. Panel C, Gentle aspiration is used to remove blastomere from zona 
pellucida. Panel D, Blastomere is completely removed. Panel E, Embryo and blastomere are released 
into media. Panel F, Hatching blastocysts obtained from biopsied preembryos from which biopsy 


specimens were obtained. 


tomeres. Later experiments showed that swelling the 
cells with 0.075 mol/L potassium chloride followed by 
fixation with acetic acid/methanol (1:3) also achieved 
adequate permeabilization. 

DNA probes. The X repeat probe 60-36, a 4.2 kil- 
obase (kb) insert was kindly provided by Dr. Christine 
Disteche.'® It is a 4.2 kb sequence repeated approxi- 
mately 50 times and maps just below and is not within 
the centromere. Probe MaG-6, a cosmid containing the 
genomic sequence for the sodium/ potassium adenosine 
triphosphatase gene was provided by Dr. David Hous- 


man. It is a 40 kb insert that hybridizes the a-subunit 
single-copy gene.'’ The human Y repeat probe hybrid- 
izes to pHY2.1, a 2.1 kb sequence that is repeated ap- 
proximately 2000 times on the long arm of the Y chro- 
mosome.'* Probes were labeled with biotinylated-| 1- 
dUTP by nick translation.” The probes were nick trans- 
lated intact with both the vector and insert and used in 
this form for in situ hybridization. 

In situ hybridization. The X repeat probes and 
MaG-6 probes were used at a concentration of 6 
ug/ml, which are standard amounts for in situ hybrid- 
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Fig. 2. Panel A, In situ hybridization to metaphase spread with cosmid clone that maps to chro- 
mosome 3 (sodium-potassium adenosine triphosphatase gene. Panel B, In situ hybridization to mouse 
blastomere with cosmid clone that maps to chromosome 3 (sodium-potassium adenosine triphos- 
phatase gene). Panel C, In situ hybridiztion to mouse blastomere with X-specific repeat probe. Two 
signals are present consistent with XX karyotype. Panel D, In situ hybridization to mouse blastomere 
with X-specific repeat probe. This blastomere is in metaphase and has one signal. Panel E, In situ 
hybridization to human metaphase spread with Y-specific repeat probe; one signal is noted. Panel 
F, In situ hybridization with Y-specific repeat probe to blastomere from polyspermic human preem- 
bryo that has two major signals consistent with XYY karyotype. Two other cells from this preembryo 


also had two signals each. 


ization performed in our laboratory. In addition to 
salmon sperm DNA, mouse total genomic DNA was 
added to suppress repetitive sequences in the probe 
DNA. The probe mixtures contained 20% dextran sul- 
fate and 2X sterile saline citrate. Slides and probe were 
denatured separately. After denaturation for 2 minutes 
at 70° C in 20% formamide/2X sterile saline citrate, 
slides were dehydrated through a cold ethanol series 


and allowed to air dry. Probe mixtures were denatured 
at 75° C for 5 minutes followed by ice (for repeat 
probes) or a 37° C incubation for probes that required 
suppression.” Ten microliters of denatured probe was 
applied to the slide, coverslips were applied and sealed, 
and the slides were incubated overnight at 37° C. Slides 
were incubated for 5 minutes three times each in 50% 
formamide/2X sterile saline citrate at 42° C, then 5 
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minutes at 60° C three times in 0.1X sterile saline ci- 
trate. They were blocked for 30 minutes at 37° C in 3% 
bovine serum albumin, 4X sterile saline citrate, and 
0.1% Tween 20 polysorbate preparation. Biotinylated 
probes were detected by incubation with fluorescein 
isothiocyanate—avidin (Vector Laboratories) diluted to 
50 pg/ml in 1% bovine serum albumin, 4X sterile saline 
citrate, and 0.1% Tween 20 polysorbate preparation at 
37° C for 30 minutes. After washing three times for 5 
minutes in 4X sterile saline citrate, 0.1% Tween 20 
polysorbate preparation at 42° C, slides were mounted 
with glycerol containing propidium iodide as counter- 
stain and 1,4-diazabicyclo(2.2.2)octane (DABCO, Sigma 
Chemical Co., St. Louis) to reduce photobleaching. The 
total time required for preembryo biopsy, fixation, and 
in situ hybridization of blastomeres is approximately 
48 hours. 


Results 


The embryo biopsy technique described is pictorially 
represented in Fig. 1, panels A to E. A slit was made in 
the zona pellucida of mouse preembryos at the four- 
. cell stage with a holding pipette and a fine sharpened 
microneedle (Fig. 1, panel A). After the slit was made 
a biopsy pipette was inserted into the slit (Fig. 1, panel 
B) and gentle suction was applied. Gentle manipulation 
was used to tease the blastomere from the surrounding 
blastomeres and through the zona slit (Fig. 1, panels C 
and D). Finally the blastomere and the embryo were 
released into the media (Fig. 1, panel E). The embryo 
was passed serially through fresh media and cultured 
under oil at 37° C in 5% carbon dioxide. Embryos ma- 
nipulated and cultured in this fashion continued to 
develop and form blastocysts in the majority of cases 
(Fig. 1, panel F). 

A series of embryo biopsy experiments are summa- 
rized in Table I. The majority of embryos (84%) cul- 
tured in our system proceeded to the blastocyst stage. 
The manipulations required for partial zona dissection 
did not inhibit embryo growth inasmuch as approxi- 
mately 90% of embryos treated in this fashion pro- 
ceeded to blastocyst. The additional steps required to 
remove a blastomere had a minimal negative impact on 
the ability of preembryos to develop into blastocysts as 
74% continued to divide. Blastocysts from preembryos 
that underwent biopsy were morphologically indistin- 
guishable from control blastocysts except that the slit 
in the zona was sometimes apparent. Occasionally the 
total size of the blastocyst was somewhat smaller with 
preembryos from which biopsy specimens were ob- 
tained but this was not a consistent finding. Later em- 
bryo biopsy experiments were performed with a mod- 
ified biopsy medium that contained bovine serum al- 
bumin (0.2%) and sucrose (0.1 mol/L). A series of 31 
biopsies performed in this media resulted in an 84% 
blastocyst rate. 
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Table I. Embryo biopsy experiments, control 
experiments (no manipulation), and partial 
zona dissection only experiments 


Number to 
blastocyst Number tested % 


Control 4 5 
16 20 
15 17 
5 10 
14 14 
8 8 
TOTAL 62 74 84 
PZD only 12 13 
9 10 
9 10 
TOTAL 30 33 90 
Embryo biopsy 1] 1] 
8 8 
9 9 
7 7 
3 11 
6 6 
6 10 
2 6 
4 5 
3 5 
3 4 
10 17 
7 9 
10 13 
8 9 
7 9 
TOTAL 104 139 75 


PDZ, Partial zona dissection. Embryos were placed in biopsy 
media (calcium- and magnesium-free phosphate-buffered sa- 
line solution with 0.1% EDTA) and partial zona dissection was 
performed by the method of Malter and Cohen. Embryos 
from which biopsies had been obtained had a biopsy pipette 
placed inside the zona and a blastomere was removed (see Fig. 
l, panels A to F). 


Fig. 2, panel A, shows a metaphase spread of mouse 
chromosome that had been subjected to in situ hybrid- 
ization with a probe that hybridizes to the sodium and 
potassium adenosine triphosphatase gene on chromo- 
some 3. This probe had been nick translated in the 
presence of biotinylated dUTP, which specifically in- 
corporated biotin into the probe. After in situ hybrid- 
ization with this probe fluoresceine isothiocyanate— 
linked to avidin was incubated with the slide allowing 
the specific avidin-biotin interaction to label the DNA 
sequence of interest with a fluorescent probe. Signal 
was then visualized with a laser-scanning confocal mi- 
croscope and an image was constructed by an image 
processor with data recorded by a photomultiplier de- 
tector. The image obtained shows signal on both chro- 
matids of each copy of chromosome 3 (four total sig- 
nals). Fig. 2, panel B shows the same probe hybridized 
to a blastomere obtained by preembryo manipulation. 
Two signal domains are noted in this interphase nu- 
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cleus. Specifically this cell is in the G2 phase in which 
the synthesis phase has duplicated the chromatids, thus 
each signal domain has a bilobed configuration. Com- 
parison of metaphase chromosomes with interphase 
nuclei shows the same signal domains. 

Fig. 2, panel C, shows a blastomere that has been 
hybridized with a probe that specifically labels the cen- 
tromeric portion of the X chromosome. There are two 
clear signals consistent with a female karyotype. Fig. 2, 
panel D, shows a blastomere hybridized with the X probe 
that happens to be in metaphase. There is one clear 
signal consistent with a male karyotype. Even though 
this cell is in metaphase, in situ hybridization allows one 
to analyze the DNA for the signal of interest. Finally, 
Fig. 2, panel E, shows a human male metaphase spread 
hybridized with a chromosome Y—specific probe. One 
clear signal domain is apparent. In situ hybridization 
to a blastomere from a human polyspermic embryo is 
shown in Fig. 2, panel F. Two clear major signal domains 
are noted. Two other cells from this same preembryo 
had two clear signals as well (data not shown) and pre- 
sumably this represents an XYY karyotype. 


Comment 


The revolution in molecular genetics will provide 
medical science with sophisticated, more sensitive 
methods for prenatal genetic diagnosis. Assisted re- 
productive technology has provided access to the hu- 
man preimplantation embryo. The combination of 
these two disciplines will allow genetic diagnoses before 
implantation. The extension of prenatal diagnosis to 
the preimplantation period will enable fertile patients 
at genetic risk who would not otherwise opt for abortion 
to use assisted reproductive techniques to select only 
those embryos that are not at risk of carrying genetic 
diseases. The success of this technology as a medical 
diagnostic discipline requires the development of tech- 
niques that will reliably and specifically predict genetic 
outcome. Polymerase chain reaction has enabled one 
to specifically amplify DNA sequences of interest over 
one-millionfold. This technique allows the diagnosis of 
gene-specific disorders such as cystic fibrosis, sickle 
cell anemia, Duchenne-type muscular dystrophy, and 
others. Polymerase chain reaction is limited by the abil- 
ity of small fragments of contaminating DNA sequences 
to interfere with a reliable diagnosis. Some of these 
concerns have been overcome by the development of 
techniques to prevent this problem. Polymerase chain 
reaction will not allow one to make a diagnosis in which 
numeric chromosome analysis is concerned. Karyotype 
analysis of single cells is not practical because it is lim- 
ited to metaphase and requires a large number of cells. 
In situ hybridization is the only technique that will per- 
mit analysis of chromosome number in the single cell 
or small numbers of cells. The development of the ca- 
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pability to detect a number of chromosomes simulta- 
neously (e.g., 13, 16, 18, 21, X, and Y) with different 
fluorescent-labeled probes is being pursued. This ar- 
ticle is the first publication of which we are aware that 
shows in situ hybridization to blastomeres obtained 
from embryo micromanipulation. Although the tech- 
niques need further refinement before becoming clin- 
ically applicable this article shows the potential for the 
use of in situ hybridization as a tool for preimplantation 
diagnosis. 

Embryo biopsy techniques are being pursued by a 
number of investigators. Most involve the puncture of 
the zona pellucida by a sharpened pipette of fine caliber 
and removal of a blastomere. A critical factor in suc- 
cessful embryo biopsy is the media in which the pro- 
cedure takes place. We used a phosphate-buffered sa- 
line solution that is calcium- and magnesium-free. In 
addition, a small amount of chelating agent is also used. 
Both promote the disaggregation of blastomeres. Later 
experiments were done in the presence of sucrose and 
bovine serum albumin, which contributed to the ability 
to obtain an intact blastomere by shrinking it with su- 
crose and preventing its adherence to the pipettes with 
albumin. The use of a fine microneedle to make a con- 
trolled slit in the zona (partial zona dissection) allows 
the entry of the biopsy pipette into the preembryo with 
minimal trauma to the blastomeres. Although this tech- 
nique requires one to change pipettes to complete the 
procedure the viability of the preembryo after manip- 
ulation is as good as some investigators and better than 
others. This method of embryo biopsy offers an alter- 
native to methods previously published. 

All studies to date that use preembryo biopsy ana- 
lyzed blastomeres by polymerase chain reaction. 
Whereas polymerase chain reaction is efficient and re- 
liable it is unable to detect aneuploidy and is hampered 
by contamination. Visualization of the nuclear material 
directly in the nucleus allows one to perform numeric 
chromosome analysis without the problem of contam- 
ination. At present our method is not efficient enough 
to be used clinically. Specifically, the ability to retain an 
intact blastomere on a glass slide through the in situ 
hybridization procedure is an inefficient process with 
<25% success. Focused efforts to alleviate this problem 
are under investigation. 

In this study, in situ hybridization with various gene 
probes indicates that even one blastomere from which 
a biopsy specimen has been obtained may be sufficient 
to localize the gene. In our study, the adenosine tri- 
phosphatase gene on chromosome 3 and the X chro- 
mosome repeat probe were localized. An important fea- 
ture of this procedure is that genes and chromosomes 
can be localized in interphase nuclei and metaphase 
chromosomes. In the future it will be possible to localize 
various other genes and chromosomes of interest 
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as new probes become available. Human repeat se- 
quences and human chromosome libraries, which are 
chromosome-specific, are currently available for most 
chromosomes thus numeric chromosome analysis is a 
potential clinical application of this technique. There- 
fore coupling of preembryo biopsy and in situ hybrid- 
ization may be an important dimension in the devel- 
opment of new procedures for prevention of heredi- 
tary disease. 


We thank Dr. Maurice J. Mahoney for helpful com- 
ments and Drs. Christine Disteche and David Housman 
for providing probe sets. We also thank Jacques Cohen, 
PhD, and Henry Malter for teaching us partial zona 
dissection and Julia Logan, Lorrie Bowen, Joan Men- 
ninger, and M.Y. Chang, MD, for technical assistance. 
Finally, the Carl Zeiss Company generously provided 
us with equipment and technical support. 
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Factors affecting embryo implantation after human in vitro 


fertilization: A hypothesis 
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In the clinical practice of human in vitro fertilization, pregnancy is dependent on embryo implantation. 
Pregnancy is a function of the number of embryos transferred, with multiple embryos resulting in a higher 
likelihood of pregnancy. We formulated a mathematic model of embryo implantation. This model describes 
embryo implantation as dependent on three factors—transfer efficiency, embryo quality, and endometrial 
receptivity. Application of existing embryo implantation data to this model allows the calculation of the 
approximate value of each of these factors. On the basis of historic data, data obtained from our in vitro 
fertilization program, and these theoretic considerations, it is our hypothesis that (1) there is an inherent 
inefficiency associated with the mechanical transfer of embryos into the uterine cavity, which limits the 
maximal embryo implantation rate; (2) the quality of embryos produced by controlled ovarian 
hyperstimulation, follicle aspiration, and in vitro fertilization is very high and approaches that of embryos 
produced in natural cycles in vivo; and (3) endometrial receptivity is markedly diminished in stimulated 
cycles and is the current rate-limiting step of pregnancy success of in vitro fertilization. (Am J OBSTET 


GYNECOL 1990;163:2020-23.) 
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In the clinical practice of human in vitro fertiliza- 
tion (IVF) the majority of pregnancy failures occurs 
after embryo transfer. Whereas the majority of patients 
achieve oocyte recovery, fertilization, and cleavage of 
embryos, only a small proportion of transferred em- 
bryos actually implant and result in viable pregnan- 
cies. Thus pregnancy after IVF and embryo transfer is 
dependent on embryo implantation. Furthermore, the 
pregnancy rate is known to increase when multiple em- 
bryos are transferred.’ 

It has been suggested that in the first approximation, 
embryo implantation can be treated as an independent 
event.” When multiple embryos are transferred, the im- 
plantation of one embryo neither inhibits nor enhances 
the implantation of any of the other embryos. This as- 
sumption leads to the equation: 


P=1—( = Ely 
where P is pregnancy, EI is the likelihood of implanta- 


tion of an individual embryo, and n is the number of 
embryos transferred.” 
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We developed a mathematic model for embryo im- 
plantation based on the tenet that embryo implantation 
is an independent event and we described embryo im- 
plantation as consisting of three separate components 
with individual values that vary under specific clinical 
conditions. 

The purpose of this article is to present our math- 
ematic model of factors that affect embryo implanta- 
tion, to analyze available embryo implantation data in 
an effort to test and validate this model, and to deter- 
mine the relative contribution of each of the putative 
factors under specific clinical conditions. 


Material and methods 


To develop our hypothesis of factors that affect em- 
bryo implantation, we followed three steps. First, we 
considered previous mathematic formulations and ex- 
pounded on them. Second, we used embryo implanta- 
tion data from published sources to modify our model 
and to help express a maximal attainable rate for em- 
bryo implantation. Finally, we examined embryo im- 
plantation data from three groups of patients in our 
own IVF program to test our hypothesis and to assign 
specific values to the components of the embryo im- 
plantation equation. 

Hypothesis. The concepts of embryo quality and en- 
dometrial receptivity have been used to describe preg- 
nancy success” *: 

Embryo implantation = Embryo quality X 
endometrial receptivity 
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Whereas ideal embryo quality and endometrial re- 
ceptivity may inevitably lead to embryo implantation 
in vivo, we do not believe that the same will occur 
when embryos undergo extracorporeal manipulation 
and mechanical transfer to the uterus. Therefore we 
chose to group the factors that affect embryo implan- 
tation into three general categories including the pre- 
viously introduced concepts of embryo quality and en- 
dometrial receptivity and add a third term, that of trans- 
fer efficiency. The latter term quantifies the failure of 
embryo implantation resulting from the embryo trans- 
fer process itself. Thus in the first formulation we have: 


Embryo implantation = Embryo quality X 
endometrial receptivity X 
transfer efficiency 


Transfer efficiency. Transfer efficiency is a term that 
may be different under different circumstances. It may 
vary with transfer catheters, the position of the patient, 
the clinician who performs the transfer, and the dif- 
ferent routes of embryo transfer, such as transcervi- 
cal versus the fallopian tubes. Therefore in estimating 
this value we chose to focus on implantations after em- 
bryo transfer by the transcervical route because this is 
the most commonly used technique in both our pro- 
gram and in most other institutions. Because transfer 
efficiency is equal to embryo implantation when both 
embryo quality and endometrial receptivity are opti- 
mal, we thought the best approximation to this value 
would be obtained by examination of the implantation 
rates after the synchronous transfer in natural cycles 
of in vivo fertilized blastocysts. We are aware of two 
published series in human beings that address this is- 
sue.** Buster et al.‘ reported implantations in two of 
four blastocysts transferred. Formigli et al.* reported 
implantations in four of six expanded blastocysts trans- 
ferred and in six of 11 embryos transferred at the mor- 
ula stage or thereafter, suggesting a range of 50% to 
67% for transfer efficiency in human patients. In an- 
imals, reported embryo implantation rates after trans- 
cervical transfer of in vivo fertilized blastocysts obtained 
by uterine flushing are in the range of 50% to 75%.° 
Therefore as a best estimate we believe that with ex- 
perienced clinicians the approximate value of transfer 
efficiency for transcervical embryo transfer is 60%. 


After updating our formula we now have: 


Embryo implantation = Transfer efficiency x 
embryo quality X 
endometrial receptivity 

Transfer efficiency = 0.6 

Embryo implantation = 0.60 x embryo quality x 

endometrial receptivity 


Embryo quality. Because an in vivo fertilized blas- 
tocyst is considered to have an embryo quality value of 
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1, and not all 48-hour embryos become blastocysts, a 
correction term is needed to account for the clinical 
practice of transferring embryos 48 hours after follicle 
aspiration. This term is the percentage of 2-day em- 
bryos that progress to the blastocyst stage and provides 
the maximum quality value that can be assigned to an 
embryo after 48 hours of development. 

In the most commonly used animal model, the 
mouse, in vivo fertilized embryos collected at the 1- or 
2-cell stage progress to blastocyst in about 75% of cases.’ 
In human beings, IVF embryo freezing studies re- 
ported about a 25% progression to blastocyst, although 
this number would probably be higher if all embryos 
were cultured rather than only those that remain after 
fresh embryo transfer.” On the basis of these admittedly 
scant data, we chose to estimate the percent progression 
to blastocyst of 48-hour old human embryos at 60%. 

Restatement of our original formula: 


Embryo implantation = Transfer efficiency x 
embryo quality X 
endometrial receptivity 


Embryo quality _ . 
(corrected) — 0.6 x embryo quality 


(Transfer efficiency = 60%, as stated in the 
preceding section) 


With these estimates, 
Embryo implantation = 0.36 Xx embryo quality X 
endometrial receptivity 
and thus when embryo quality and endometrial recep- 
tivity are optimized, 
Embryo implantation = 36% 


With this theoretic formulation, we now analyzed em- 
bryo implantation data from our IVF program in an ef- 
fort to test and apply our hypothesis. 

Patient selection. Embryo implantation data was ob- 
tained in a retrospective fashion from three groups of 
patients in our program.”'' Our nonanonymous donor 
oocyte program provides a unique model of embryo 
implantation because it is conducted in a manner iden- 
tical to standard IVF.’ In particular, ovarian stimulation 
and follicle aspiration regimens are identical and all 
resultant embryos are available for transfer and thus 
provide embryos of quality similar to that of standard 
IVF. Embryos are transferred to the uteri of agonadal 
recipients receiving exogenous estradiol and proges- 
terone whose endometrial histology is synchronous as 
proved by biopsy in a prior replacement cycle. A total 
of 18 cycles were conducted between January 1988 and 
June 1989 with donors who were 35 years old or youn- 
ger and who had conceived at least once previously. 
From our standard IVF program, we selected for anal- 
ysis cycles that we thought would result in embryo qual- 
ity identical to that of the donor cycles.'” We considered 
only patients who were 35 years old or younger, who 
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Table I. Embryo implantation data 














Embryos Clinical 

transferred | Implantations* | pregnancies 
dIVF} (n= 18) 75 4.2 26 35 12 67% 
sIVF§ (n = 54) 225 4.2 24 iis: +a. owe 
uIVF|| (n = 24) 24 1.0 5 21 > 2) 





*Total number of gestational sacs observed by transvaginal 
ultrasonographic examination in each group and the per- 
centage of likelihood of implantation of an individual embryo. 


+Donor oocyte IVF group.” '” 
tp < 0.05 vs other groups. 


§Standarad IVF group; patients were matched to donors 
in the donor oocyte IVF group.” 


Unstimulated cycles triggered with hCG. Only embryos 
derived from successfully aspirated dominant follicles were 
considered." 


had conceived at least once previously, and in whom 
pelvic factor was the sole or predominant cause of in- 
fertility. A total of 54 such cycles were conducted dur- 
ing the same 18-month period. These data were pre- 
viously reported in detail.” The third group consisted 
of patients undergoing embryo transfer in unstimu- 
lated IVF cycles during January 1988 to December 
1989. The unstimulated IVF protocol was previously 
described.'' '’ Briefly, it is offered to normally ovulatory 
patients with pelvic factor whose follicular development 
in a spontaneous cycle is monitored with serial ultra- 
sonographic examination. Human chorionic gonado- 
tropin (hCG) is administered when the follicle reaches 
maturity criteria. In this analysis, we considered only 
the 24 cycles in which embryos that resulted from suc- 
cessfully aspirated dominant follicles were transferred. 


Results 


Table I depicts the total number of embryos trans- 
ferred, the total number of implantations, the individ- 
ual embryo implantation rate, and the clinical preg- 
nancy rate in the donor oocyte, standard, and unsti- 
mulated IVF groups.*'' As a result of the matching 
between the donor and standard IVF groups, a simi- 
lar number of embryos of similar morphologic quality 
were obtained and transferred in each of these cycles.'® 
In the donor group, 75 total embryos were transferred 
and 26 implanted, for an embryo implantation rate of 
35% and a clinical pregnancy rate of 67%. In the stan- 
dard IVF group, 225 embryos were transferred and 24 
of these were implanted for an embryo implantation 
rate of 11% and aclinical pregnancy rate of 39%. These 
differences are statistically significant (p < 0.05). In the 
unstimulated group, 24 transferred embryos resulted 
in five implantations or a 21% implantation rate, which 


-was significantly higher than that of the stimulated cy- 


cles (p < 0.05). (Clinical pregnancy rates are presented 
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for completeness but are not included in the implan- 
tation analysis.) 


Comment 


Values for embryo quality and endometrial receptiv- 
ity can now be approximated. In the donor IVF group: 


Embryo implantation = 0.35 
Embryo implantation = 0.36 x embryo quality x 
endometrial receptivity 


implying that 


Embryo quality ~ 1 
Embryo receptivity ~ 1 


That endometrial recptivity is optimal is not surpris- 
ing because the endometrial histology had been opti- 
mized. However, if embryo quality is also optimal, this 
means that current stimulation regimens are capable of 
producing embryos of a quality that is, at least among 
those embryos selected for transfer, comparable to that 
of embryos produced in vivo during natural cycles. 

In the standard IVF group: 


Embryo implantation = 0.11 
Embryo implantation = 0.36 x embryo quality X 
endometrial receptivity 


thus 


Embryo quality X endometrial receptivity ~ 0.33 
However, by design: 


Embryo quality (standard IVF) = 
Embryo quality (donor IVF) = 
l 


implying that 
Embryo receptivity (standard IVF) = 0.33 


This difference in endometrial receptivity between 
standard IVF and donor IVF cycles implies that in stim- 
ulated cycles, endometrial receptivity is the principal 
limiting factor of embryo implantation’? and that as 
many as two thirds of transferred embryos capable of 
implanting fail to do so as a result of decreased en- 
dometrial receptivity. 

In the unstimulated IVF group: 


Embryo implantation = 21% 
Embryo implantation = 0.36 x embryo quality X 
endometrial receptivity 


thus 
Embryo quality X endometrial receptivity = 0.60 


There is no clear way to assign relative value to em- 
bryo quality and endometrial receptivity in this case. 
However, because steroid levels and their patterns of 
change in these cycles are essentially natural, it seems 


Volume 163 
Number 6, Part 1 


reasonable to assume that endometrial receptivity is un- 
compromised. If that is true, then 


Embryo quality = 0.60 


Because hCG is administered in these cycles before the 
onset of the luteinizing hormone surge, this diminished 
embryo quality value may be explained as reflective of 
incorrect timing of hCG administration, with resultant 
diminished oocyte quality. 

Our formula and the derived approximate values for 
transfer efficiency, embryo quality, and endometrial re- 
ceptivity are not to be taken literally. Rather, it is our 
intent to attempt to explain the differences in embryo 
implantation rates that we observed in our program 
and in the reports of others, We believe that the concept 
of transfer efficiency is an important addition to the 
previously introduced embryo quality and endometrial 
receptivity and may help to explain some of the dif- 
ferences in implantation rates observed under different 
clinical circumstances and help to define a maximal 
embryo implantation rate. We also tried to extrapolate 
from available data the approximate value of the max- 
imal embryo implantation rate that can be expected 
with current techniques. We estimated this value at 
36%. This number matches closely the embryo implan- 
tation rates observed in our donor oocyte IVF program. 
This observation led us to the conclusion that selected 
embryos obtained from fertilization in vitro of oocytes 
obtained from hyperstimulated cycles are of a quality 
that approximates that of in vivo fertilized embryos in 
natural cycles. Under the scrutiny of time and as ad- 
ditional data become available, the approximate values 
in this article will likely have to be modified. We present 
them as a first approximation and as a stimulus to fur- 
ther exploration of this topic. 


10. 
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LETTERS TO THE EDITORS 





Prediction of residual trophoblastic tissue in 
first-trimester abortions: The role of transvaginal 
Doppler ultrasonography 


To the Editors: Schiff and colleagues’? excellent article on 
the prediction of residual trophoblast (Schiff E, Ben- 
Baruch G, Moran O, et al. Prediction of residual tro- 
phoblastic tissue in first-trimester abortions and low 
levels of human chorionic gonadotropin B-subunit. AM 
J OBSTET GYNECOL 1990;162:797-801) illustrates the 
importance of a clinical scoring system in the manage- 
ment of first-trimester abortions. I would like to suggest 
transvaginal pulsed Doppler ultrasonography as an ad- 
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ditional useful diagnostic tool for the diagnosis of re- 
sidual trophoblastic tissue in these patients. 
Transvaginal pulsed Doppler ultrasonography has a 
great advantage potential over routine ultrasonogra- 
phy in tissue characterization because it can display 
functional flow in addition to structure. Pulsed-wave 
Doppler ultrasonography allows direct and precise vi- 
sualization of the sample volume where the flow is to 
be studied. When Doppler ultrasonography is mounted 
on a high-frequency transvaginal transducer (6.5 to 7 
MHz) it is possible to study flow even in very small 
structures. In normal and abnormal pregnancies the 
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Fig. 1. Ultrasonographic duplex examination of the uterus. A, Doppler gate positioned into echo- 


genic tissue. Low-impedance signal appearing during diastole is characteristic of trophoblastic flow. 


B, Intramyometrial Doppler gate shows absence of diastolic flow, consistent with higher distal vascular 


impedance that is characteristic of nonpregnant arcuate artery. 
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peritrophoblastic area, which is composed of lacunar 
(intervillous) spaces devoid of arteriolar muscle in their 
walls, generates a low-impedance signal during diastole 
because of its low peripheral resistance.’ Because his- 
tologic examination of the residual trophoblastic tissue 
shows villi and spaces distended with blood, it is possible 
to obtain low-impedance signal that is characteristic of 
placental flow. 

The following case illustrates the feasibility of trans- 
vaginal pulsed Doppler ultrasonography in assess- 
ment of residual trophoblast in first-trimester abortion. 
Twenty days after curettage for first-trimester abortion 
the patient had persistent vaginal bleeding. Human 
chorionic gonadotropin B-subunit was 650 mIU/ml. 
Transvaginal ultrasonography showed _ intracavitary 
echogenic material that might be blood clots or residual 
trophoblast. Pulsed Doppler investigation of this area 
clearly depicated low-impedance diastolic signal com- 
patible with trophoblast (Fig. 1). Trophoblastic tissue 
was obtained by repeated curettage. 

Incorporation of transvaginal pulsed Doppler ultra- 
sonography into the proposed scoring system as de- 
scribed by Schiff et al. might be beneficial in improving 
its diagnostic sensitivity thus reducing unnecessary sur- 
gical interventions in the management of first-trimester 
abortions. Therefore I recommend routine use of 
transvaginal pulsed Doppler ultrasonography in pa- 
tients suspected of residual trophoblastic tissue. 

Achiron Reuwen, MD 


Department of Obstetrics and Gynecology, Shaare-Zedek Medical 
Center, Jerusalem, Israel 91031 
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Suprapubic or vaginal procedure 


To the Editors: We refer to Dr. Arieh Bergman and col- 
laborators’ articles (Bergman A., Ballard CA, Koonings 
PP. Comparison of three different surgical procedures 
for genuine stress incontinence: prospective random- 
ized study. AM J] OBSTET GYNECOL 1989;160:1102-6) 
and (Bergman A, Koonings PP, Ballard CA. Primary 
stress urinary incontinence and pelvic relaxation: pro- 
spective randomized comparison of three different op- 
erations. AM J] OBSTET GYNECOL 1989;161:97-101). 
The conclusion is the indubitable superiority of the 
retropubic procedure in all stress urinary incontinence 
cases, with or without significant descensus. Seemingly, 
with a procedure that has a probability of one failure 
in ten cases, it would be almost malpractice to choose 
another method with a failure rate of nearly one to 
three. There is no unanimity with regard to such a 
marked difference, nor does it confirm our experience 
with over 500 incontinence operations. More signifi- 
cantly, we believe that the authors’ manner to attain 
this conclusion is not probatory. 

Random selection means no selection at all. In the 
great variety of stress urinary incontinence clinical 
manifestations, certain criteria give a fairly good ori- 
entation on the probable success of vaginal operations. 
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Marked descensus, good accessibility, and good tissular 
turgor make the vaginal procedure promising. Random 
selection implies that some patients have undergone 
vaginal surgery without the aforementioned condi- 
tions. Possibly, most gynecologists would prefer supra- 
pubic operations in these cases, this affecting success 
and failure rates. Bladder neck stabilization does not 
reach the same extent in the vaginal procedure as in 
the suprapubic approach. Yet, this may not be neces- 
sary. Other factors may intervene. 

The critical Q-tip test angle given in the two articles 
is 30° to 35°. In large series we observed that the critical 
angle is not the same for both operations. Angles of 
25° generally suffice in vaginal operations but fre- 
quently result in failure in the suprapubic method. Sev- 
eral factors may explain this difference, independently 
of bladder neck stabilization. Two are mentioned: 
the kinking of the urethra and the diminished rectal 
pressure-transmission in the suprapubic approach are 
very convincing 1n the Burch modification, which builds 
a fibrous wall from one Cooper’s ligament to the other, 
englobing the posterior vaginal vault. Perhaps there is 
another factor. With a sudden raise of the intraabdom- 
inal pressure there may be an instantaneous engorge- 
ment of the periurethral veins acting as a veinous cush- 
ion increasing urethral pressure, apparently remaining 
in the vaginal operation, and, to a high degree, ob- 
literated in suprapubic surgery. This may account for 
the differences we observed in the effective angles be- 
tween the vaginal and the suprapubic procedures. 

With rigorous selection, we believe there is room left 
for stress urinary incontinence vaginal corrections. The 
anatomic superiority of bladder neck stabilizations in 
the suprapubic procedure does not invariably mean 
functional superiority. 

Jaime A. Cabrera, MD, and Zsigmund Szekely, MD 
Clinica San Juan Bosco, Calle 170 No. 8-60, Bogota, Colombia 
Jairo A. Ospitia, MD 
Clinica Federman, Calle 58A No. 37-10, Bogota, Colombia 


Reply 
To the Editors: We thank Drs. Cabrera, Ospitia, and 
Szekely for their interest in our articles. These articles 
indeed indicate that in our hands the abdominal ret- 
ropubic procedures resulted in a better cure rate than 
that of the vaginal operations in women with stress in- 
continence. However, it is a total misinterpretation 
of the articles to suggest that the vaginal procedures 
should not be done. We mention in the articles that 
some authors such as Beck with anterior colporrha- 
phy' or Leach et al. with modified Pereyra proce- 
dure? achieved good results. These authors modified 
the “original” technique, resulting in good cure rates. 

Our study was designed as a randomized prospective 
study and random selection of the patients is a key fac- 
tor in it. In many retrospective studies, women with 
marked pelvic relaxation (many of whom had more se- 
vere degrees of stress urinary incontinence) underwent 
vaginal operation whereas many women with mild pel- 
vic relaxation underwent abdominal procedures, mak- 
ing the comparison unfair. 
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Women with no pelvic relaxation and well-supported 
pelvic organs usually do not have stress urinary incon- 
tinence and the few exceptions who do, should not 
undergo a procedure for bladder neck suspension.* 
However, we clearly indicated in the first article! that 
all women in this study had some degree of pelvic re- 
laxation and all of them had positive Q-tip test results 
of =35°. With these criteria, we believe that random- 
izing patients to the various procedures is the most 
meaningful way to conduct such a study. 

The theory about the superiority of the vaginal pro- 
cedures that enable the periurethral veins to remain 
engorged, as opposed to the abdominal procedures, 
is very interesting, but remains to be proven. In the 
comment section of our articles we state clearly that 
there is definitely room for the vaginal procedures for 
stress urinary incontinence. The surgeon’s experience 
and the patient's general condition are very important 
factors to consider. However, in comparing the anterior 
colporrhaphy or Pereyra procedure with the Burch op- 
eration, the latter in our hands resulted in better cure 
rate. 

Arieh Bergman, MD, Charles A. Ballard, MD, and 
Paul P. Koonings, MD 


Los Angeles County—University of Southern California Medical 
Center, Women’s Hospital, Room L-1022, 1240 N. Mission Road, 
Los Angeles, CA 90033 
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Tubal embryo successfully transferred in utero 
To the Editors: Until fairly recent times, the multifarious 
aspects of in vitro fertilization, embryo handling, and 
gamete intrafallopian transfer many would have con- 
sidered hardly conceivable. In view of all the devel- 
opments, it is considered timely to report that in the 
Gifford Memorial Hospital, Randolph, Vermont, in 
1980, a 27-year-old patient with unaccountable infer- 
tility and regular 28-day cycles had intercourse around 
the middle of the month. Approximately 4 weeks later 
severe pain developed in the region of the left fallopian 
tube. There was no uterine bleeding and the pregnancy 
test was positive. Her history and all laboratory test 
results were normal. Abdominopelvic examination re- 
vealed no appreciable uterine enlargement or discern- 
ible abnormalities, only severe pain elicited with pal- 
pation in the tubal area. 

Exploration while the patient was under regional an- 


December 1990 
Am J Obstet Gynecol 





Fig. 1. Human chorionic sac still completely covered with villi 
at 40 days. (From Rugh R, Shettles LB. From conception to 
birth: the drama of life’s beginnings. New York: Harper & 
Row, 1971.) 


esthesia revealed a single corpus luteum in the left 
ovary, some uterine congestion, and on direct palpation 
of the left tube a small, 4 to 5 mm mass. With careful 
incision into the tubal lumen an intact embryonic sac 
was easily enucleated, still completely covered with cho- 
rionic villi, even at 40 days, as shown in Fig. 1. It was 
immediately placed in oxygenated saline solution 
warmed to body temperature. A segment of infusion 
tubing was cut, one end slanting and the other attach- 
able to a glass Presto syringe with a large rubber bulb 
enabling one to aspirate or express as desired. With 
gentle suction the slanted end of the tubing was passed 
into the myometrium in the upper, anterior aspect of 
the uterus until discernible decidual tissue was ob- 
served. With the tubing in situ, the embryonic sac was 
taken up into the glass syringe, which was then attached 
to the tubing and expressed in utero. Tamponade of 
the puncture site with a very wam pad controlled any 
bleeding. The tube was then repaired and the abdomen 
closed. The pregnancy test remained positive. After 
normal postoperative and prenatal courses, a normal 
infant was delivered at term. 

The above was considered the first trarisfer of a tubal 
embryo in utero with successful outcome, until recently. 
Dr. A. P. D. Rosa of Sao Paulo, Brazil, cites a case he 
discovered by Dr. C. J. Wallace.’ The patient underwent 
a myomectomy and an undiagnosed tubal pregnancy 
was found. With the myomectomy completed, an “olive 
size” gestational sac was easily removed and securely 
placed in utero. After closure of the uterus, the tube, 
and the abdomen and with uneventful postoperative 
and prenatal course, a normal infant was delivered at 
term. 

With his case and the one cited, it would appear that 
with the intact, early embryonic sac still covered with 
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the full complement of chorionic villi, free of hemor- | 


rhage, transfer in utero may prove successful and mer- 
Its a try, especially in the childless patient. 

| Landrum B. Shettles, PhD, MD 
Womens Hospital, 2025 East Sahara Ave., Las Vegas, NV 89104 
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Use of midforceps applauded 


To the Editors: I congratulate Dr. R. A. Bashore on his 
excellent presentation (A comparison of the morbidity 
of midforceps and cesarean delivery. AM J] OBSTET GY- 
NECOL 1990; 162:1428-35.). It is satisfying to see prom- 
inent obstetricians doing something to bring clear facts 
about the advantages of midforceps delivery. 

With reference to the 3-hour second stage of labor, 
I feel better with the classic 2 hours. In special cases of 
dystocia with good fetal heart tones and epidural an- 
esthesia, the 3 hours are okay. I have seen it longer 
than that, although contractions every 3 minutes for a 
longer time bother me because there is no progress and 
the fetal head receives the trauma. 

I am impressed with Dr. Bashore’s assessment of fu- 
ture cesarean morbidity. His concerns were: the mor- 
bidity associated with repeat cesarean delivery, re- 
peated blood transfusions, and the risk of uterine rup- 
ture. To these I would add increased dyspareunia after 
the age of 50 years and the risk of unusual bleeding 
when doing a curettage if care is not taken that the 
curette does not touch the lower anterior cervical 
segment. 

I applaud his guidelines to ensure the prudent use 
of midforceps. If I were to add my input, I suggest the 
posterior and transverse position be rotated by the Ra- 
mirez technique, which is less traumatic. In dystocia 
cases, this rotation can be done without anesthesia, the 
labor is allowed tc continue, and later on, if a sponta- 
neous delivery does not occur, you will be doing a for- 
ceps delivery at a much lower station and to an anterior 
position. I suggest that there is a need for a more ob- 
jective and accurate method to evaluate the presenting 
part station. The method at present is subjective and 
inaccurate. On this same point, sometimes I estimate 
+2, and a few minutes later, I estimate 0 station. We 
have to be careful with it. 

I could not agree more with Dr. Bashore’s quest to 
remove “some of the stigma associated with the use of 
midforceps without a loss of respect for the procedure.” 

Jorge O. Escamilla, MD 
700 DeSote Ave., Brooksville, FL 34601 


Findings not new 


To the Editors: We note with interest the findings of 
Langer et al. (Langer O, Levy J, Brustman L, Anyaeg- 
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bunam A, Merkatz R, Divon M. Glycemic control 
in gestational diabetes mellitis—How tight is tight 
enough: Small for gestational age versus large for ges- 
tational age? AM J OBSTET GYNECOL 1989; 161:646-53) 
who report a correlation between levels of control of 
maternal glucose and fetal size at birth in mothers di- 
agnosed to have gestational diabetes. They found that 
when mean maternal blood glucose values are high 
(>105 mg/dl) there is a significantly increased inci- 
dence of large-for-gestational-age infants, whereas in 
the group with low maternal blood glucose values 
(mean <86 mg/dl) small-for-gestational-age infants 
were more likely. 

Whereas we are in agreement with the significance 
of these observations, we write to assert for the benefit 
of your readers that these findings are not new, and 
more importantly that hypoglycemia in the whole pop- 
ulation of pregnant women (not only those with dia- 
betes) is associated with fetal growth retardation and 
unfavorable perinatal outcome. Karlsson and Kjellmer 
reported in 1972! of the association between fetal out- 
come and glycemic control in diabetic mothers, and we 
have reported regularly from the Mercy Maternity 
Hospital since the early 1970s of the association be- 
tween maternal plasma glucose levels and perinatal 
mortality and morbidity including fetal size and mal- 
formations.*° 

Our studies were conducted on a pregnant popula- 
tion with oral glucose tolerance routinely tested during 
the third trimester, not just those patients with criteria 
that suggested an increased probability of diabetes. Per- 
centile distributions of plasma glucose levels were used 
to define hypoglycemia and hyperglycemia, and anal- 
ysis of the obstetric results in 5000 consecutive patients 
showed that hypoglycemia had a significant association 
with subnormal estriol excretion, fetal and placental 
growth retardation, some fetal malformations, and in- 
creased perinatal mortality. When there was hypergly- 
cemia placental growth was stimulated, there as an in- 
creased incidence of malformations, and perinatal mor- 
tality was increased. We found that hyperglycemia of 
itself was not associated with an increased incidence of 
large-for-dates infants, although that observation was 
confirmed in those patients whose glucose tolerance 
tests showed defined gestational diabetes. We hypoth- 
esized that hypoglycemia is a causal factor in fetal 
growth retardation and death by restriction of basic 
substrate necessary for normal fetal growth. We pro- 
posed that fetal growth retardation in hypoglycemic 
mothers may be preventable by administering nutrients 
to mothers either orally or intravenously.’ 

As pleased as we are that researchers continue to 
publish information that substantiates our earlier find- 
ings, we would be grateful that when authors seek to 
show originality in their research that they would at 
least acknowledge those publications that first reported 
the significance of these observations. 

David A. Abell, MGO, and Normal A. Beischer, MD 


University of Melbourne Department of Obstetrics and Gynaecology, 
Mercy Maternity Hospital, Clarendon Street, East Melbourne, 
Victoria, Australia 3002 
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Reply 
To the Editors: We were pleased to note the interest and 
agreement of both Drs. Abell and Beischer on the sig- 
nificance of our findings of the correlation between 
levels of glycemic control and fetal size in patients with 
treated gestational diabetes. However, we are disap- 
pointed that they failed to comprehend the uniqueness 
of the study and its originality. 

Previously, we documented the need for verified self- 
monitoring blood glucose data to ascertain accurate and 
reliable glucose information. Without this method to 
obtain glucose data, false conclusions could have been 
drawn in previous studies on the relationship between 
glucose level and neonatal morbidity. Our current 
study is the only published report of which we are aware 
that shows the association between degree of glycemia 
and pregnancy outcome with the use of verified glucose 
information."? 

The importance of glycemic control has been em- 
phasized from the late 1960s. Most authors agree that 
reasonable blood glucose levels should be obtained but 
there are different opinions as to the target level. One 
study from Iowa City shows that the prognosis was 
better for infants when the contro] of the maternal 
diabetes was “good” than when it was “poor,” but the 
study failed to define either level.* Thus, to the best of 
our knowledge, no study before ours correlated the 
specific thresholds of verified mean blood glucose val- 
ues throughout pregnancy with fetal size. Our study 
addressed two significant questions: at what level 
should maternal glucose be maintained to prevent peri- 
natal morbidity in gestational diabetes? and can “tight” 
control limit fetal growth? 

The references that Drs. Abell and Beischer cited to 
emphasize their argument are unrelated to the research 
question addressed in our study. Karlsson et al.* pri- 
marily studied insulin-dependent patients and not 
those with gestational diabetes. Their study was ret- 
rospective covering a 10-year period (1961 to 1970) 
before the establishment of self-monitoring of blood 
glucose levels (1980). They reported the association be- 


December 1990 
Am J Obstet Gynecol 


tween blood glucose level and perinatal mortality as well 
as the relationship between mean blood glucose and 
congenital anomalies. However, they did not assess 
whether “tight” control can alter fetal growth. 

- The studies by Abell and Beischer in the early 1970s 
never addressed the question of at, what level should 
maternal glucose be maintained to prevent perinatal 
morbidity in gestational women? Their studies origi- 
nated from a data base that correlated estriol and preg- 
nancy outcome. They further attempted to find an as- 
sociation between oral glucose tolerance test (diagnostic 
tool) findings and fetal size. The majority of their pop- 
ulation did not have diabetes, and the glucose load was 
50 gm, not 100 gm as recommended by the National 
Diabetic Data Group. Thus their data cannot be com- 
pared with other studies of oral glucose tolerance tests. 
They did not report the actual mean blood glucose level 
throughout pregnancy in their gestational diabetic sub- 
jects. They used a diagnostic test result to predict out- 
come of pregnancy, ignoring the fact that treatment of 
the gestational diabetic patient will alter mean blood 
glucose level. Thus test results could not be a predictor 
when intervention occurred. Results of the oral glucose 
tolerance test could be used as a potential predictor of 
fetal size in nondiabetic subjects (no intervention) as 
they, and others, have shown.*? 

We acknowledged preliminary research that had 


‘stimulated our hypotheses but we cannot, in this in- 


stance, recognize their research, which never addressed 
or showed the findings we reported. We all like to see 
ourselves in the literature but there still needs to be 
justification for the citation. 

Oded Langer, MD 


Division of Obstetrics, The University of Texas Health Science Center, 
SA, 7703 Floyd Curl Dr., San Antonio, TX 78284-7836 
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Explanation of mechanism of Hyskon solution 
reaction needed 


To the Editors: Drs. Jedeikin, Olsfanger, and Kessler’s 
article (Disseminated intravascular coagulopathy and 
adult respiratory distress syndrome: life-threatening 
complications of hysteroscopy. AM J OBSTET GYNECOL 
1990; 162:44-5) is one of several reports of this com- 
plication. Whether this complication occurs because of 
an idiosyncratic reaction to or the intravascular injec- 
tion of an excessive amount of Hyskon solution, or a 


combination of these causes has not been deter- . 


mined. 

What occurred in this case is clear but the authors 
need to clarify several factors if we are to have a better 
understanding of the mechanism of this problem. The 
article implies that the 1200 ml of Hyskon solution 
injected into the uterine cavity were retained by the 
patient. If this is so, how did it occur? Passage of large 
amounts of Hyskon solution through the fallopian 
tubes is unlikely because of the viscosity of this material. 
Intravasation without excessive pressure is unlikely be- 
cause this was not a surgical hysteroscopic procedure 
in which vessels were opened. Was it caused by disten- 
sion with excessive pressures and the intravasation of 
Hyskon solution through ruptured uterine vessels? 
How was distension accomplished and what were the 
resultant pressures? What do the authors believe hap- 
pened? 
Franklin D. Loffer, MD 
. 3410 N. 4th Ave., Phoenix, AZ 85013 


Safety of 32% dextran 70 for hysteroscopy 


To the Editors: In a recent case report (Jedeikin R, Ols- 
fanger D, Kessler I. Disseminated intravascular coag- 
ulopathy and adult respiratory distress syndrome: life- 
threatening complications of hysteroscopy. AM J OB- 
STET GYNECOL 1990;162:44-5) the authors claim that 
alarming symptoms observed in a previously healthy 
young woman after hysteroscopy were caused by dis- 
seminated intravascular coagulopathy and adult respi- 
ratory distress syndrome as a result of the use of high- 
molecular-weight dextran (Hyskon) solution. Neither 
of these claims is supported by the presented findings. 
In my opinion this report is an example of the uncritical 
use of Hyskon solution by surgeons not completely fa- 
miliar with its properties and other such reports that 
have been published recently.' 

It is obvious that during hysteroscopy Hyskon solu- 
tion may pass into the peritoneal cavity and be ab- 


sorbed, and also that Hyskon solution may directly en- . 


ter the circulation. during hysteroscopic surgery. It is 
recommended in the U.S. package insert for Hyskon 
solution that not more than 500 ml should be instilled 
and with low pressure to avoid undue passage into the 
abdomen. In the referred case report Hyskon solution 
was used in a much higher dosage, but the authors fail 
to draw the conclusion that the symptoms were caused 
by the overdosage of Hyskon solution, not by the sub- 
stance used per se. 
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Hyskon solution appears to be regarded by many 
users aS an inert distension medium, but it contains 
dextran 70 and has several pharmacologic effects. 100 
ml contains 32 gm of dextran capable of binding 20 ml 
of water per gram if allowed to enter the circulation. 
In this case 1200 ml Hyskon solution was instilled dur- 
ing hysteroscopy, after which also laparoscopy was per- 
formed. This order of events would promote rapid 
absorption of dextran from the peritoneal cavity during 
Trendelenburg position. If 25% of the Hyskon solution 
used was absorbed 96 gm of dextran would enter the 
circulation, increasing the blood volume by approxi- 
mately 2000 ml, an increase that may well precipitate 
pulmonary edema. 

Dextran is widely used as a thromboprophylactic 
agent. It reduces the Factor VIII—von Willebrand 
complex. The dextran absorbed should not exceed 1.5 | 
gm/kg body weight, or approximately 300 ml of Hys- 
kon solution. In the referred case the amount of dex- 
tran may well have been in excess of this amount, caus- 
ing a temporary hemostatic defect. 

Hyskon solution may on rare occasions cause an ana- 
phylactic reaction,? but the symptoms reported to not 
indicate this. Theoretically such reactions could be pre- 
vented by the use of hapten inhibition, which has suc- 
cessfully been applied to prevent anaphylactic reactions 
from dextrans used intravenously,’ but the rarity of 
such reactions with Hyskon solution makes such a pro- 
cedure questionable. 

Karl-Gésta Ljungström, MD, PhD 


Department of Surgery, Karolinska Institute, Danderyd Hospital, 
Danderyd, Sweden S-182 88 
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Reply 
To the Editors: Dr. Ljungstrom concurs that the com- 
plications we described may occur after hysteroscopy 
with Hyskon solution, but makes the point that it is not 
the substance per se but its overdosage that is respon- 
sible for the disseminated intravascular coagulopathy 
and pulmonary edema. There is no argument that the 
quantity of Hyskon solution administered was exces- 
sive; nevertheless Hyskon solution was the preparation 
used and Hyskon solution caused the problem, albeit 
an overdose. 

In our case report we did not set out to show the 
exact mechanism of the problem described; however, 
we believe that because of the large amount of Hyskon 
solution injected, a large enough quantity was rapidly 
absorbed into the circulation via the fallopian tubes and 
the peritoneal cavity. According to Dr. Ljungstrom, ab- 
sorption of 25% of the Hyskon solution given would 
increase blood volume by about 2 L, and occurring over 
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a short period of time could cause pulmonary edema 
in healthy persons. On the other hand, the excessive 
amount of Hyskon solution may have contributed to 
an adverse drug reaction that manifested by dissemi- 
nated intravascular coagulopathy and adult respiratory 
distress syndrome. Further research into the patho- 
physiology of the toxic effects of Hyskon solution is 
required to clarify this problem. 

The purpose of our article was not to discredit the 


Corrections 


In the list of “New Certifications: Subspecialty of Basic,” issued by the American Board 
of Obstetrics and Gynecology, Inc. (AM J OBSTET GYNECOL 1990; 162:1645-68), on page 
1652, in the right-hand column, the name “Kassebaum, Hedegaard Cheryl Kaye” should 
have been “Hedegaard, Cheryl Kay Kassebaum.” 

In the article by Kivikoski et al., entitled “Transabdominal and transvaginal ultraso- 
nography in the diagnosis of ectopic pregnancy: A comparative study” (AM J OBSTET 


December 1990 
Am J Obstet Gynecol 


use of Hyskon solution but to emphasize and to describe 
the dangers that may occur with the over zealous in- 
trauterine injection of Hyskon solution during simple 
diagnostic hysteroscopy. All drugs have side effects, 
and awareness of these complications results in a more 
intelligent and safer use of these drugs. 

R. Jedeikin, MD, and D. Olsfanger, MD 
Department of Anesthesia and Intensive Care, Meir Hospital, 
Kfar Saba, Israel 


GYNECOL 1990; 163:123-9), in Table I on page 125, in the first line under the third column 
heading, “84%” should have been “64%” in reference to gestational sac findings on 


transvaginal ultrasonographic examination. 


In the article by Owen et al., entitled “Evaluation of a risk scoring system as a predictor 
of preterm birth in an indigent population” (AM J OBSTET GYNECOL 1990;163:893-9), 
Fig. 1 on page 874 should have been published as Fig. 2 on page &76, and Fig. 2 on page 
876 should have been published as Fig. 1 on page 874. The legends are correct as they 


appear. 
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Adjuvants, immunologic 
A progesterone-induced blocking factor corrects high re- 
sorption rates in mice treated with antiprogesterone 
(Szekeres-Bartho et al). 1990;163:1320-1 


.Adnexal diseases 


Management of selected cystic adnexal masses in post- 
menopausal women by operative laparoscopy: a pilot 
study (Parker and Berek). 1990;163:1574-7 

Adnexitis 

Clindamycin dosage scheduling for acute pelvic infection 
(Chatwani et al). 1990;163:240 (Letter) 

Sexually transmitted diseases and human immunodef- 
ciency virus infection among women with pelvic inflam- 
matory disease (Hoegsberg et al). 1990;163:1135-9 


Adrenal cortex hormones 


Dose response of thyrotropin-releasing hormone on pul- 
monary maturation in corticosteroid-treated preterm rab- 
bits (Tabor et al). 1990;163:669-76 

Adrenergic agents; see Sympathomimetics 
Adrenergic alpha receptor agonists 

Effects of clonidine on breathing movements and electro- 
cortical activity in the fetal lamb (Bamford et al). 
1990; 163:661-8 

Adrenergic beta receptor blockaders 

B-Adrenergic receptor blockade in the management of 
pregnant women with mitral stenosis (Al Kasab et al). 
1990; 163:37-40 

Adrenocorticotropic hormone 

The effect of adrenocorticotropic hormone infusion on sub- 
sequent pituitary response in the sheep fetus (Cuthrell et 
al). 1990;163:170-4 

Mechanism of action of interleukin-16 in increasing corti- 
cotropin-releasing factor and adrenocorticotropin hor- 
mone release from cultured human placental cells (Pe- 
traglia et al). 1990;163:1307-12 

Aerobic exercise; sce Exercise 
Aged l 

Prevalence and determinants of estrogen replacement 
therapy in elderly women (Cauley et al). 1990;163: 
1438-44 

Aging 

Parameters of hypothalamic aging (Seifer and Jones) (Let- 

ter); (Alexander and Aksel) (Reply). 1990;163:1715 
Air embolism; see Embolism, air 
Alcoholism 

Use of the T-ACE questions to detect risk-drinking (Elliot) 

(Letter); (Sokol) (Reply). 1990;163:684-5 
Alkaline phosphatase 

Pregnancy-induced hypertension and acute fatty liver of 
pregnancy: atypical presentations (Brown et al). 
1990; 163:1154-6 

Alpha fetoproteins 

Colon cancer in pregnancy with elevated maternal serum 
a-fetoprotein level at presentation (Gonsoulin et al). 
1990; 163:1172-3 

The effect of adjusting maternal serum a-fetoprotein levels 
for maternal weight m pregnancies with fetal open spina 
bifida (Johnson et al). 1990;163:9-1} 

Maternal serum o-fetoprotein levels in pregnancies com- 
plicated by diabetes: implications for screening programs 
(Martin et al). 1990;163:1209-16 

Maternal serum Down syndrome screening: free B-protein 
is a more effective.marker than human chorionic gonad- 
otropin (Macri et al). 1990;163:1248-53 

Maternal serum a-fetoprotein in pregnancy (Gilchrist et al) 
(Letter); (Milunsky et al) (Reply). 1990; 163:692-3 
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Alpha fetoproteins—cont’d 
Maternal serum a-fetoprotein level useful screening test (Lao). 
1990; 163:240 (Letter) 

The relationship between maternal serum and amniotic 
fluid a-fetoprotein in women undergoing early amnio- 
centesis (Brumfield et al). 1990;163:903-6 

Should amniocenteses always accompany unexplained high 
maternal serum a-fetoprotein levels? Who decides: public 
agency, patient, or private physician? (Stephens) (Letter); 
(Hogge et al) (Reply). 1990;163:697-8 

Ultrasonographic diagnosis of a large placental intervillous 
thrombosis associated with elevated maternal serum a- 
fetoprotein level (Jauntaux et al). 1990;163:1558-60 

Alprostadil - 

Venous and hepatic vascular responses to indomethacin and 
prostaglandin E, in the fetal lamb (Paulick et al). 
1990; 163:1357-63 

Ambulatory care 

Outpatient obstetric management of women with type I di- 

abetes (Bourgeois and Duffer). 1990;163:1065-73 
Amenorrhea 

Autogenic masculinization (Punch and Ansbacher). 
1990:163:114-6 

Efficacy and safety of intravenous pulsatile gonadotropin- 
releasing hormone: Lutrepulse for injection’ (Santoro). 
1990: 163:1759-64 (Supplement) 

Hypothalamic amenorrhea: clinical perspectives, patho- 
physiology, and management (Liu). 1990;163:1732-6 
(Supplement) 

Practical aspects of pulsatile gonadotropin-releasing hor- 
mone administration (Schriock). 1990; 163:1765-70 (Sup- 
plement) 

American Journal of Obstetrics and Diseases of Women and 

Children 

The first seventy years. 1990;163:1109-10 (Editorial) 

American Journal of Obstetrics and Gynecology 
The first seventy years. 1990;163:1109-10 (Editorial) 
Aminobutyric acids 
Zinc, preeclampsia, and y-aminobutyric acid (Brophy). 
1990; 163:242-3 (Letter) 
Aminoglvycoside, toxicity 
Cefotetan and the lack of associated bleeding (Martens and 
_ Faro) (Letter); (Briggs et al) (Reply). 1990;163:251-2 
Amniocentesis; see also Amniotic fluid 

Absence of evidence of pulmonary maturity at amniocen- 
tesis in term infants of diabetic mothers (Ojomo and Cous- 
tan). 1990;163:954-7 

Antenatal diagnosis of molybdenum cofactor deficiency 
(George et al). 1990;163:1203-4 

Detection of congenital toxoplasmosis by chorionic villus 
sampling and early amniocentesis (Foulon et al). 
1990; 163:1511-3 . 

The diagnostic values of concurrent nonstress testing, am- 
niotic fluid measurement, and Doppler velocimetry in 
screening a general high-risk population (Devoe et al). 
1990; 163:1040-8 

Effect of maternal-fetal movement on concentration of cells 
obtained at genetic amniocentesis (Carlan et al). 
1990; 163:490-3 

Gram stain results from amniocentesis in patients with pre- 
term permature rupture of membranes—comparison of 
maternal and fetal characteristics (Asrat et al). 
1990; 163:887-9 

Intraamniotic infection in the very early phase of the second 
trimester (Goldstein et al). 1990;163:1261-3 

Intrauterine Listeria infection: prenatal. diagnosis by bio- 
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physical assessment and amniocentesis (Liner). 
1990; 163:1596-7 
Postmortem chorionic villus sampling is a better method 
for cytogenetic evaluation of early fetal loss than cul- 
ture of abortus material (Johnson et al). 1990;163: 
1505-10 
The relationship between maternal serum and amniotic 
fluid a-fetoprotein in women undergoing early amnio- 
= centesis (Brumfield et al). 1990;163:903-6 
Should amniocenteses always accompany unexplained high 
maternal serum a-fetoprotein levels? Who decides: public 
agency, patient, or private physician? (Stephens) (Letter); 
(Hogge et al) (Reply). 1990;163:697-8 
The stuck twin phenomenon: Ultrasonographic findings, 
pregnancy outcome, and management with serial amnio- 
centeses (Mahony et al). 1990;163:1513-22 
Transcervical chorionic villus sampling and amniocentesis: 
a comparison of reliability, culture findings, and fetal cut- 
come (Ferguson et al). 1990; 163:926-31 
Amnioinfusion; see Amniotic fluid 
Amnion 
Evidence of a role for protein kinase C in epidermal growth 
factor—induced prostaglandin E; synthesis in amnion cells 
{Kniss et al). 1990;163:1883-90 
Morphologic study of changes of collagenous tissue in the 
amnion and cervix during prostaglandin-induced abor- 
tion and delivery (Manabe and Yoshida). 1990;163:52-6 
Amniotic fluid; see also Amniocentesis 
Amnioinfusion and prevention of meconium aspiration syn- 
drome (Falciglia) (Letter); (Sadovsky and Amon) (Reply). 
1990;163:258-9 
Amniotic fluid glucose concentration: a rapid and simple 
method for the detection of intraamniotic infection in 
preterm labor (Romero et al). 1990; 163:968-74 
Amniotic fluid midtrimester delta optical density measure- . 
ments at 450 nm in Rh disease (Nelson) (Letter); 
(Queenan) (Reply). 1990; 163:710-2 
Comparisons of glycosylated and nonglycosylated amniotic 
fluid prolactins in normal second- and third-trimester 
pregnancies (McCoshen et al). 1990;163:81-5 
Corticotropin-releasing hormone in amniotic fluid (Laati- 
kainen) (Letter); (Sasaki) (Reply). 1990;163:1102-3 
Dehydration-induced oligohydramnios (Ross) (Letter); 
(Sherer et al) (Reply). 1990;163:1091-2 
Detection of fetal blood contamination by amniotic fluid 
obtained during cordocentesis (Lazebnik et al). 
1990; 163:78-80 | 
Does prophylactic amnioinfusion make a difference? (Chau- 
han) (Letter); (Strong et al) (Reply). 1990;163:1370-1 
Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990;'63:558-66 
The effect of amnioinfusion on uterine pressure and activ- 
ity: a preliminary report (Posner et al). 1990;163:813-8 
In vitro inhibiticn of esterase activity in amniotic fluid: com- 
parison with bacterial cultures (Hoskins et al). 
1990; 163:1944-7 
Infants of diabetic mothers with accelerated fetal growth by 
ultrasonography: Are they all alike? (Keller et al). 
1990; 163:893-7 | 
Infection and labor. VI. Prevalence, microbiology, and clin- 
ical significance of intraamniotic infection in twin gesta- 
tions with preterm labor (Romero et al). 1990;163:757- 
61 
Intraamniotic infection in the very early phase of the second 
trimester (Goldstein et al). 1990;163:1261-3 


Volume 163 
Number 6, Part 1 


Normal amniotic pressure in oligohydramnios after pre- 
term rupture of membranes (Johnson and Maxwell) (Let- 
ter); (Nicolini et al) (Reply). 1990;163:1103-4 

Observations on the cause of cligohydramnios in prolonged 
pregnancy (Trimmer et al). 1990;163:1900-3 

Perinatal survival with expectant management of mid- 
trimester rupture of membranes (Major and Kitzmiller). 
1990; 163:838-44 

Prenatal diagnosis of congenital cytomegalovirus infection 
by virus isolation from amniotic fluid (Weiner and Grose). 
1990; 163:1253-5 

Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 1990;163:823-5 

The relationship between maternal serum and amniotic 
fluid a-fetoprotein in women undergoing early amnio- 
centesis (Brumfield et al). 1990;163:903-6 

Risk factors for perinatal group B streptococcal disease 
after amniotic fluid colonization (Silver et al). 1990;163: 
19-25 

The stuck twin phenomenon: Ultrasonographic findings, 
pregnancy outcome, and management with serial amnio- 
centeses (Mahony et al). 1990; 163:1513-22 

Superiority of the four-quadrant sum over the single-deep- 
est-pocket technique in ultrasonographic identification of 
abnormal amniotic fluid volumes (Moore). 1990; 163:762- 
7 

Amniotic fluid embolism; see Embolism, amniotic fluid 
Amphetamines 

The perinatal impact of cocaine, amphetamine, and opiate 
use detected by universal intrapartum screening (Gillo- 
gley et al). 1990;163:1535-42 

Prevalence of use of cocaine and other substances in an 
obstetric population (Matera et al). 1990; 163:797-801 

Analgesia, epidural 

Epidural analgesia and cesarean section for dystocia (Chest- 
nut) (Letter); (Thorp and Parisi) (Reply). 1990; 163:247- 
9 


Labor epidural analgesia and dystocia-related cesarean sec- 
tion (Downing and Knape). 1990;163:1096-7 (Letter) 
The local anesthetic dose is an important issue in evaluation 
of effects of epidural analgesia in nulliparous women 
(Puppa et al) (Letter); (Thorp) (Reply). 1990; 163:701-3 
Androgens 
Discrepancy in the diagnoses of hydatidiform mole by mac- 
roscopic and microscopic findings and the deoxyribonu- 
cleic acid fingerprint method (Takahashi et al). 
1990; 163:112-3 
Anemia 
Is intrauterine transfusion associated with diminished fetal 
growth? (Utter et al). 1990;163:1781-4 
Anemia, sickle cell 
Liver histopathologic findings in women with sickle cell dis- 


ease given prophvlactic transfusion during pregnancy ` 


(Yeomans et al). 1990;163:958-64 
Anencephaly 

Afiencephalics as organ 

1990; 163:599-600 
Anesthesia 

Can anesthetic-related maternal mortality be reduced? 
(Conklin). 1990; 163:253-4 (Letter) 

A comparison of the effect of epidural, general, and no 
anesthesia on funic acid-base values by stage of labor and 
type of delivery (Shyken et al). 1990;163:802-7 

Effect of uterine contractility and maternal hypotension on 
prolonged decelerations after bupivacaine epidural an- 
esthesia (Steiger and Nageotte). 1990;163:808-12 


donors (Van Assche). 
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Effectiveness of 1% lidocaine dorsal penile nerve block 
in infant circumcision (Arnett et al). 1990;163:1074- 
80 
Aneuploidy 
Correlation of the testicular determinant factor sequence 
zinc finger Y with varying gonadal phenotypes in a series 
of 13 subjects with gonadal dysgenesis because of Y an- 
euploidy (Tho et al). 1990;163:1968-75 
Aneurysm, cerebral; see Cerebral aneurysm 
Angiomatosis 
Systemic cystic angiomatosis in pregnancy: a case presen- 
tation and review of the literature (Bardeguez et al). 
1990; 163:42-5 


~ Angiotensin 


Low-dose aspirin. H. Relationship of angiotensin II pressor 
responses, circulating eicosanoids, and pregnancy out- 
come (Brown et al). 1990;163:1853-61 

Angiotensin binding sites; see Receptors, angiotensin 
Anorexia nervosa 

Infertility and eating disorders (Stewart et al). 

1990; 163:1196-9 
Anoxia 

The effect of maternal hyperoxia on behavioral activity in 
growth-retarded human fetuses (Gagnon et al). 
1990; 163:1894-9 

Antibiotics 

Antibiotic therapy in preterm premature rupture of mem- 
branes: a randomized, prospective, double-blind trial 
(Johnston et al). 1990;163:743-7 

Cervicovaginal microflora and pregnancy outcome: results 
of a double-blind, placebo-controlled trial of eryth- 
romycin treatment (McGregor et al). 1990;163: 
1580-91 

Placental transfer of cefazolin and piperacillin in pregnan- 
cies remote from term complicated by Rh isoimmuniza- 
tion (Brown et al). 1990;163:938-43 

Antibodies 

Antiphospholipid antibodies and recurrent pregnancy loss: 
correlation between the activated partial thromboplastin 
time and antibodies against phosphatidylserine and car- 
diolipin (Rote et al). 1990;163:575-84 

Autologous antibodies eluted from membrane fragments in 
human ovarian epithelial neoplastic effusions. III. Cyto- 
toxic potential in vitro and characterization of antigen(s) 
(Kutteh et al), 1990;163:1301-6 

A comparison of sperm antibody assays (Daru and Mathur). 
1990; 163:1622-9 

Antibodies, antinuclear 

Antinuclear antibodies in sera of patients with recurrent 

pregnancy wastage (Xu et al). 1990;163:1493-7 
Antibodies, monoclonal 

Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990;163:479-84 

Antibody formation 

Antisperm antibodies in women undergoing intra- 
uterine insemination (Goldberg et al). 1990;163:65- 
8 

Digoxin-like immunoreactive factor and respiratory distress 
syndrome (Goodlin). 1990;163:1091 (Letter) 

Recurrent adverse pregnancy outcome and antiphos- 
phohpid antibodies (Reece et al). 1990;163:162-9 
(Curr. dev.) 

Antibody formation, animal 

Immunoglobulin G fractions from patients with antiphos- 

pholipid antibodies cause fetal death in BALB/c mice: a 
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Antibody formation, animal—cont’d 
mode] fer autoimmune fetal loss (Branch et al). 
1990; 163:210-6 

Anticardiolipin antibody; see Cardiolipins 

Antiestrogens; sce Estrogen antagonists 

Antigenic determinants 

Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
{Osteen et al). 1990;163:479-84 

Antigens 

A comparison of sperm antibody assays (Daru and Mathur). 
1990; 163:1622-9 

Lymphocyte proliferative response to fertilization antigen 
in patients with antisperm antibodies (Naz et al). 
1990; 163:610-3 l 

Antigens, neoplasm 

Autologous antibodies eluted from membrane fragments in 
human ovarian epithelial neoplastic effusions. III. Cyto- 
toxic potential in vitro and characterization of antigen(s) 
(Kutteh et al). 1990;163:130i-6 l 

Flow cytometric quantitation of tumor-associated antigens 
in solid tumors (van Dam et al) (Letter); (Nozawa) (Reply). 
1990;163:698-9 _ 

Antigens, tumor-associated, carbohydrate 

Distribution of CA 125 in embryonic tissues and adult de- 
rivatives of the fetal periderm (Hardardottir et al). 
1990; 163:1925-31 

One case of 45,X abortus with high CA 125 level (Check). 
1990; 163:1717 (Letter) 

Preoperative evaluation of serum CA 125, TAG 72, and CA 
15-3 in patients with endometrial carcinoma (Soper et al). 
1990; 163:1204-9 

The prognostic significance of CA 125 half-life in patients 
with ovarian cancer who have received primary chemo- 
therapy after surgical cytoreduction (Hunter et al). 
1990; 163:1164-7 

The use of serial CA 125 concentrations to monitor 
endometriosis in infertile women (Pittaway). 1990;163: 
1032-7 

Antihypertensive agents 

Nauonal High Blood Pressure Education Program Working 
Group report on high blood pressure in pregnancy. 
1990;163:1691-712 (Supplement) 

Antineoplastic agents 

Expression of P-glycoprotein.in epithelial ovarian cancer: 
evaluation as a marker of multidrug resistance (Rubin et 
al). 1990; 163:69-73 

Antinuclear antibodies; see Antibodies, antinuclear 
Antioxidants 

Smoking and the antioxidant ascorbic acid: plasma, leuko- 
cyte, and cervicovaginal cell concentrations in normal 
healthy women (Basu et al). 1990;163:1948-52 

Antiphosphatidylserine antibody; see Phosphatidylserines 

Antiphospholipid antibodies; see Phospholipids 

Antiprogesterone; sce Mifepristone 

Antiprogesterone, animal; see Receptors, progesterone, ani- 
mal 

Antisperm antibodies; see Spermatozoa 

Antithrombin III, deficiency 

Emergency treatment with recombinant tissue plasminogen 
activator of pulmonary embolism in a pregnant woman 
with antithrombin HI deficiency (Baudo et al). 
1990; 163:1274-5 

Aorta, descending; see Aorta, thoracic 
Aorta, thoracic 
Blood flow velocity and pulsatile diameter changes in the 
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fetal descending aorta: a longitudinal study (Stale et al). 
1990; 163:26-9 
Apgar score 

Comparison of umbilical artery pH and 5-minute Apgar 
score in the low-birth-weight and very-low-birth-weight 
infant (Stark et al). 1990;163:818-23 

Apocrine glands 

Distribution of CA 125 in embryonic tissues and adult de- 
rivatives of the fetal periderm (Hardardottir et al). 
1990; 163:1925-31 

Argipressin 

Role of vasopressin in mediation of fetal cardiovascular re- 
sponses to acute hypoxia (Piacquadio et al). 
1990; 163:1294-300 

Aromatase 

Inhibition of aromatase activity by 8-bromo-cyclic 
adenosine monophosphate in cultured first-trimester 
human trophoblast (Rodway et al). 1990;163:1546- 
5] 

Arteriovenous fistula 

In utero detection of cardiac failure from an aneurysm of 

the vein of Galen (Jeanty et al). 1990;163:50-3 
Ascites, fetal 

Antenatal spontaneous perforation of the extra- 
hepatic biliary tree (Chilukuri et al). 1990;163:1201- 
2 

Ascorbic acid 

Smoking and the anuoxidant ascorbic acid: plasma, leuko- 
cyte, and cervicovaginal cell concentrations in normal 
healthy women (Basu et al). 1990; 163:1948-52 

Asphyxia, fetal; sze Fetal anoxia 
Asphyxia neonatorum 

What is birth asphyxia? (Clark and Quirk) (Letter); (Thorp) 

(Reply). 1990; 163:1367-8 
Aspirin 

Low-dose aspirin. II. Relationship of angiotensin II pressor 
responses, circulating eicosanoids, and pregnancy out- 
come (Brown et al). 19690;163:1853-6] 

National High Blcod Pressure Education Program Working 
Group report on high blood pressure in pregnancy. 
1990; 163:1691-712 (Supplement) 

Atherosclerosis , 

Effects of oral contraceptives on lipid metabolism (Gevers 
Leuven et al). 1990;163:1410-3 (Supplement) 

Oral contraceptives, lipoproteins, and atherosclerosis (Ad- 
ams et al). 1990;163:1388-92 (Supplement) 

Role of plasma lipoproteins in the pathogenesis of 
atherosclerouc disease, with special reference to sex 
hormone effects (Tikkanen). 1990;163:296-304 (Sup- 
plement) 

Atrial natriuretic factor; see Natriuretic peptides, atrial 
Autoantibodies 

Association between autoantibodies and unexplained infer- 
ulity unproved (Maier) (Letter); (Taylor and Campbell) 
(Reply). 1990; 153:243 

Autogenic masculinization; see Self medication 
Autoimmune diseases 

Antiphospholipid antibodies and recurrent pregnancy ‘oss: 
correlation between the activated partial thromboplastin 
time and antibodies against phosphatidylserine and car- 
diolipin (Rote et al). 1990;163:575-84 

Autoimmunity, animal 

Immunoglobulin G fractions from patients with antiphos- 
pholipid antibodies cause fetal death in BALB/c mice: a 
model ‘for autoimmune fetal loss (Branch et al). 
1990; 163:210-6 
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Autologous blood transfusion; see Blood transfusion, autol- 
ogous 
Automatic data processing 
Blood pressure measured telemetrically from home 
throughout pregnancy (Mooney et al). 1990;163:30-6 


B 


Bacterial infections 
Antenatal microbiologic and maternal risk factors associated 
with prematurity (McGregor et al). 1990;163:1465-73 
Bacterial vaginosis: diagnostic and pathogeneuc findings 
during topical clindamycin therapy (Livengood et al). 
1990; 163:5 15-20 
Cervicovaginal microflora and pregnancy outcome: results 
of a double-blind, placebo-controiled trial of erythro- 
mycin treatment (McGregor et al). 1990;163:1580-91 
A follow-up study of methods of contraception, sexual ac- 
tivity, and rates of trichomoniasis, candidiasis, and bac- 
terial vaginosis (Barbone et al). 1990;163:510-4 
In vitro inhibition of esterase activity in amniotic fluid: com- 
parison with bacterial cultures (Hoskins et al). 
1990; 163:1944-7 
Bacterial infections, animal 
A rabbit model for bacteria-induced preterm pregnancy loss 
(Dombroski et ali. 1990; 163:1938-43 | 
Behavior, fetus 
Human fetal foramen ovale flow velocity waveforms relative 
to behavioral states in normal term pregnancy (van Eyck 
et al). 1990;163:1239-42 
Vibroacoustic stimulation and fetal behavioral state in nor- 
mal term human pregnancy (Devoe etal). 1990; 163:1156- 
61 
Behavior, infant 
The association of intrapartum asphyxia in the mature fetus 
with newborn behavior (Low et al). 1990;163:1131-5 
Correlations between antepartum maternal metabolism 
and newborn behavior (Rizzo et al). 1990;163:1458- 
64 
Beta-adrenergic receptor blockaders; see Adrenergic beta re- 
ceptor blockaders 
17B-estradiol; see Estradiol 
Bias 
Ascertainment bias in diabetic outcome data (FitzSimmons 
and Davidson) (Letter); (Damm and Mglsted-Pedersen) 
(Reply). 1990; 163:682-3 
Biliary tract 
Antenatal spontaneous perforation of the extrahepatic bil- 
iary tree (Chilukuri et al). 1990;163:1201-2 
Biophysical assessment; see Fetal monitoring 
Biopsy l 
Preembryo biopsy and analysis of blastomeres by in situ 
hybridization (Grifo et al). 1990;163:2013-9 
Preventing cervical conization by achieving satisfactory col- 
poscopy with hygroscopic cervical dilators (Stern et al). 
1990;163:176-7 
Second-trimester p-acental biopsy for rapid fetal karyotyp- 
ing (Cameron et al). 1990;163:931-4 
Birth weight 
The effect of physical activity during pregnancy on preterm 
delivery and birth weight (Klebanoff et al). 
1990; 163:1450-6 
The effect of race on the relationship between fetal death 
and altered fetal growth (Ferguson and Myers). 
1990; 163:1222-30 
Neonatal morphometrics after endurance exercise during 
pregnancy (Clapp and Capeless). 1990;163:1805-11 
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Prognosis for twins with birth weight <1500 gm: the impact 
of cesarean section in relation to fetal presentation (Ry- 
dhstr6ém). 1990; 163:528-33 

Ultrasonographic fetal weight estimation by an integrated 
computer-assisted system: Can each laboratory :mprove 
its accuracy? (Thompson et al). 1990; 163:986-95 

Bladder 

The effect of large uterine fibroids on urinary bladder 

function symptoms (Langer et al). 1990;163:1139- 

4l 

Blastomeres 
Preembryo biopsy and analysis of blastomeres by in situ 
hybridization (Grifo et al). 1990; 163:2013-9 
Bleeding, first-trimester; see Abortion, threatened 
Blood, radiation effects 
. Hyperkalemia secondary to irradiation of packed red blood 
cells: possible effects with intravascular fetal transfusion 
(Thorp et al). 1990;163:607-9 
Blood coagulation 

Clinical aspects of the relationship between oral contracep- 
tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kelleher). 
1990;163:392-5 (Supplement) _ 

Comparative studies of 30 wg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990; 163:430-7 (Supplement) 

Disorders of the hemostatic system and the risk of the de- 
velopment of thrombotic and cardiovascular disezses: lim- 
itations of laboratory diagnosis (Kluft). 1990;163:305-12 
(Supplement) . 

Effects of long-term gestodene-containing oral contracep- 
tive administration on hemostasis (Abbate et al). 
1990; 163:424-9 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et al). 1990;163:396-403 ‘Supple- 
ment) 

Enhanced generation and resolution of fibrin in women 
above the age of 30 years using oral contraceptives 
low in estrogen (Gram et al). 1990;163:438-42 (Sup- 
plement) 

Hemostasis profile in women taking low-dose oral contra- 
ceptives (David et al). 1990;163:420-3 (Supplement) 

Influence of oral contraceptives on coagulation tests in na- 
tive blood and plasma (Kunz etal). 1990; 163:417-20 (Sup- 
plement) 

Metabolic changes during the normal menstrual cycle: a 
longitudinal study (Lebech et al). 1990;163:414-6 (Sup- 
plement) 

Metabolic changes during treatment with two different pro- 
gestogens (Refn et al). 1990;163:374-7 (Supplement) 

Blood coagulation disorders 

Disorders of the hemostatic system and the risk of the de- 
velopment of thrombotic and cardiovascular diseases: lim- 
itations of laboratory diagnosis (Kluft). 1990;163:305-12 
(Supplement) 

Blood flow velocity 

Blood flow velocity and pulsatile diameter changes in the 
fetal descending aorta: a longitudinal study (Stale et al). 
1990; 163:26-9 

Human fetal foramen ovale flow velocity waveforms relative 
to behavioral states in normal term pregnancy (van Eyck 
et al). 1990; 163:1239-42 

Blood gas analysis 
Relationship of fetal biophysical profile and blood gas values 
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Blood gas analysis—cont’d 
at cordocentesis in severely growth-retarded fetuses (Rib- 
. bert et al). 1990;163:569-71 
Blood platelet disorders 
Responsibility expands to extended family members (Saving 
et al). 1990;163:1369-70 (Letter; 
Blood platelets 
Changes in platelet angiotensin II binding sites associated 
with the human menstrual cycle (Baker et al). 
1990;163:175-6 
Comparative studies of 30 pg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990;163:430-7 (Supplement) 
Cordocentesis and immune thrombocytopenia—continued 
(Weiner). 1990;163:1371-2 (Letter) 
Hemostasis profile in women taking low-dose oral contra- 
ceptives (David et al). 1990;163:420-3 (Supplement) 
Blood pressure 
Fetal umbilical artery Doppler response to graded maternal 
aerobic exercise and subsequent maternal mean arterial 
blood pressure: predictive value for pregnancy-induced 
hypertension (Hume et al). 1996;163:826-9 
Low-dose aspirin. II. Relationship of angiotensin II pressor 
responses, circulating eicosanoids, and pregnancy out- 
come (Brown et al). 1990;163:1853-61 
Blood pressure, animal 
Does the umbilical artery systolic/diastolic ratio reflect flow 
or acidosis? (Copel et al). 1990;163:751-6 
Blood pressure determination 
Blood pressure measured telemetrically from home 
throughout pregnancy (Mooney et al). 1990;163:30-6 
Blood transfusion 
Liver histopathologic findings in women with sickle cell dis- 
ease given prophylactic transfusion during pregnancy 
(Yeomans et al). 1990;163:958-64 
Blood transfusion, autologous 
A reappraisal of the need for autologous blood donation in 
the obstetric patient (Andres et al). 1990;163:1551-3 
Blood transfusion, intrauterine 
Acute fetal hemodynamic alterations after intrauterine 
transfusion for treatment of severe red cell alloimmuni- 
zation (Moise et al). 1990;163:776-84 
Continuing controversy in alloimmune thrombocytopenia: 
fetal hyperimmunoglobulinemia fails to prevent throm- 
bocytopenia (Nicolini et al). 1990;163:1144-6 
Effects of intravascular fetal blood transfusion on fetal in- 
tracardiac Doppler velocity waveforms (Rizzo et al). 
1990;163:1231-8 
Hyperkalemia secondary to irradiation of packed red blood 
cells: possible effects with intravascular fetal transfusion 
(Thorp et al). 1990; 163:607-9 
Is intrauterine transfusion associated with diminished fetal 
growth? (Utter et al). 1990;163:1781-4 
Blood viscosity, animal 
Hypoxic acidemia, hyperviscosity, and maternal hyperten- 
sion do not affect the umbilical arterial velocity waveform 
in fetal sheep (Morrow et al). 1990;163:1313-20 
Blood volume 
Interrelationship between atrial natriuretic factor concen- 
trations and acute volume expansion in pregnant and 
nonpregnant women (Hatjis et al). 1990; 163:45-50 
Body habitus; see Body mass index 
Body mass index 
Glucose tolerance in pregnancy: ethnic variation and influ- 
ence of body habitus (Green et al). 1990; 163:86-92 
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Body weight 

The effect of adjusting maternal serum a-fetoprotein levels 
for maternal weight in pregnancies with fetal open spina 
bifida (Johnson et al). 1990;163:9-11 

Bone density 

The relationship between plasma estradiol and the increase 
in bone density in postmenopausal women after treatment 
with subcutaneous hormone implants (Studd et al). 
1990; 163:1474-9 . 

Bone loss, age-related; see Osteoporosis 
Books 

Books received. 1990;163:713, 2031 
Brain 

Assessment of cerebral hemodynamics in pregnant women 
by internal carotid artery pulsed Doppler velocimetry 
(Ikeda and Mori). 1990;163:494-8 

Long-term maternal-fetal exposure to high-low insulin cen- 
centrations alter liver but not brain insulin receptors (De- 
vaskar et al). 1999;163:1350-6 

Breakthrough bleeding; see Uterine hemorrhage 
Breast diseases 

Breast diagnostics in clinical gynecology (Cross) (Letter); 
(Gleicher) (Reply). 1990; 163:686-7 

Breast disease programs and mammography training (Dodd 

‘and. McLelland) (Letter); (Gleicher) . (Reply). 
1990; 163:689-91 
Breast milk; see Milk, human 
Breast neoplasms 

Oral contraceptives and breast cancer (Schlesselman). 
1990; 163:1379-87 (Supplement) 

Prevalence and determinants of estrogen replacement 
therapy in elderly women aoe? et al). 1990;163: 
1438-44 

Breech presentation 

Pelvimetry by magnetic resonance imaging in breech pre- 
sentation (van Loon et al). 1990;163:1256-60 

Vaginal breech delivery: a five-year prospective evaluation 
of a protocol using computed tomographic pelvimetry 
(Christian et al). 1990;163:848-55 

Broad ligament 

Papillary cystadenoma of the broad ligament in von Hippel- 

Lindau ‘disease (Korn et al). 1990; 163:596-8 
Bromocriptine 

Acromegaly first diagnosed in pregnancy: the role of bro- 

mocriptine therapy (Yap et al). 1990;163:477-8 
Bulimia 

Infertility and eating disorders (Stewart et al). 

1990; 163:1196-9 
Bupivacaine 

Effect of uterine contractility and maternal hypotension on 
prolonged decelerations after bupivacaine epidural an- 
esthesia (Steiger and Nageotte). 1990;163:808-12 


C 


CA 15-3; see Antigens, tumor-associated, carbohydrate 
CA 125; see Antigens, tumor-associated, carbohydrate 
Calcinosis: 
Prenatal diagnosis of fetal intracranial calcifications (Koga 
et al). 1990;162:1543-5 
Calcium 
Calctum supplementation during pregnancy may reduce 
preterm delivery in high-risk populations (Villar and 
Repke). 1990;163:1124-31 
National High Blood Pressure Education Program Working 
Group report on high blood pressure in pregnancy. 
1990; 163:1691-712 (Supplement) 
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Relationship between plasma:calcium fractions, other bone- . 
related variables, and serum follicle-stimulating hormone . . 


levels in premenopausal,’ perimenopausal, and -post- 
` menopausal women (Nordin.et al). 1990;163:140-5 
Calcium channel blockers 
Effects of magnesium and Erdin on tean dctiva- 
tion induced by the thromboxane A, analog U46619 in 
human uteroplacental arteries in term pregnancy (Skajaa 
et al). 1990;163:1323-33 l | 
| Candidiasis, vulvovaginal 
A follow-up study of methods of contraception, sexual ac- 
tivity, and rates of trichomoniasis, candidiasis, and bac- 
terial vaginosis (Barbone et al). 1990;163:510-4 
Captopril 
Maternal and uteroplacental hemodynamic effects of 
chronic captopril in the hypertensive, term- pregnant rat 
(Mabie et al). 1990;163:1861-7 
Carbohydrates, metabolism 
"Clinical aspects of the relationship between oral contracep- 
tives, abnormalities in carbohydrate metabolism, and the 


development of cardiovascular disease (Gaspard and Le- - 


febvre). 1990; 163:334-43 (Supplement) 

Effect of low-dose oral contraceptives on carbohydrate and 
lipid metabolism in women with recent gestational dia- 
betes: results of a controlled, randomized, prospective 
study (Kjos et al). 1990;163:1822-7 


Effects of oral contraceptives on carbohydrate and lipid me- | 
tabolisms in a healthy population: the Telecom Study (Si- . 


mon et al). 1990;163:382-7 (Supplement) 


Interrelations between carbohydrates, lipids, and the he- | 
mostatic system in relation to the risk of thrombotic and 
(Juhan-Vague and ve l 


cardiovascular disease 
1990;163:313-5 (Supplement) 

Low-dose oral contraceptives and Stydi enben 
(Godsland et al). 1990; 163:348-53 (Supplement) 


Mechanism of action: of oral contraceptives on carbohydrate ` 


metabolism at, the cellular level (Skouby et al). 

1990; 163:343-8 (Supplement) ; 
Carbon dioxide laser surgery; see Laser surgery 
Carcinogens; see also Teratogens | 


Ovarian granulosa cell tumorigenesis in SWR-dertved FI - 


hybrid mice: preneoplastic follicular abnormality and ma- 


lignant disease progression (Tennent et al). 
1990; 163:625-34 
Carcinoma ` 


Autologous antibodies eluted from membrane fragments i in. 


human ovarian epithelial neoplastic effusions. III. Cyto- 


toxic potential in vitro and characterization of antigen(s) | 


_ (Kutteh et al). 1990;163:1301-6 . 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 


Il] ea in serum (Puistola et al). 1990;163:1276- 


81 


Invasive carcinoma of he vulva (Cavanagh et al). 


1990; 163: 1007-15 


Preoperative evaluation of serum CA 125, TAG 72, and CA | 


15-3 in patients with endometrial carcinoma (Soper et al). 
1990; 163: 1204-9 

Carcinoma, ovarian; see Ovarian neoplasms 

Cardiac output | 


Acute fetal hemodynamic alterations after intrauterine _ 
transfusion for treatment of severe red cell alloimmuni- i 


-zation (Moise et al). 1990;163:776-84 

Measurement of cardiac output by impedance tech- 
nique (Easterling and Benedetti). 1990;163:1104-6 
(Letter) j 
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i Measurement of aia output with impedance cardiog- 


‘raphy (Lechner). 1990;163;1096 (Letter) . 


Cardiac-placental connection; see. Fetal heart 
_Cardiography, impedance ge l 


. Measurement ‘of ‘cardiac output by impedance tech- 
nique (Easterling and Benedetti). 1990;163:1104-6 
(Letter) ` : 

Measurenient of cardiac output with impedance cardiog- 
raphy (Lechner). 1990; 163:1096 (Letter) 

Cardiolipins 

Antiphospholipid antibodies and recurrent pregnancy loss: 
correlation between the activated: partial thromboplastin 
time and antibodies against phosphatidylserine and car- 


a diolipin (Rote et al). 1990; 163:575-84 | 


Recurrent adverse pregnancy outcome and antiphospholi- 
pid antibodies (Reece et al). 1990;163:162-9 (Curr. dev.) 


‘ Cardiomyopathy, congestive 


Ritodrine infusion and cardiomyopathy (Caritis) (Letter); 

(Blickstein) (Reply). 1990; 163:254-6 

Cardiopulmonary bypass 

_ Sinusoidal fetal heart rate pattern duning cardiopulmonary 
bypass (Burke et al). 1990;163:17-8 

Successful treatment of postpartum shock caused by am- 
niotic fluid embolism with cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 

Cardiovascular complications of pregnancy; see Pregnancy 
complications, cardiovascular 
Cardiovascular diseases, complications 

Clinical aspects:of the relationship between oral contracep- 
tives, abnormalities in carbohydrate metabolism, and the 
development of cardiovascular disease (Gaspard and Le- 
febvre). 1990;163:334-43 (Supplement) 

- Clinical aspects of the relationship between oral contracep- 
‘tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kelleher). 
. 1990;163:392-5 (Supplement) 

Notere aaga: between carbohydrates, lipids, and the he- 

- mostatic system in relation to the risk of thrombotic and 
cardiovascular disease (Juhan-Vague ‘and Vague). 
1990; 163:313-5 (Supplement) 

Some aspects of the relationship between oral contra- 
ceptives, lipid abnormalities, and cardiovascular 
disease (Samsioe and Mattsson). 1990;163:354-8 (Sup- 
plement) © 

Cardiovascular diseases, diagnosis 

Disorders of the hemostatic system and the risk of the de- 
velopment of thrombotic and cardiovascular diseases: lim- 
itations of laboratory diagnosis sat 1990;163:305-12 
(Supplement) 


' Cardiovascular diseases, enidemsology 


An epidemiologic survey of cardiovascular disease in women 
taking oral contraceptives (Thorogood and ‘Vessey). 
1990; 163:274-81 (Supplement) 

Past use of oral contraceptives and cardiovascular disease: 
a meta-analysis in the context of the Nurses’ Health Study 
(Stampfer. et al). 1990; 163:285-91 (Supplement) 

Cardiovascular diseases, mortality 

. Cardiovascular death among women under 40 years of age 
using low-estrogen oral ‘contraceptives and intrauterine 
devices in Finland from 1975 to 1984 (Hirvonen and 
Idänpään-Heikkilä). 1990;163:281-4 (Supplement) 

Cardiovascular system . 


_- Impairment of glucose tolerance: mechanism of action and 


impact on the cardiovascular system (Beck-Nielsen et al). 
1990; 163;292-5 (Supplement) 
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Cardiovascular system, animal 
Progesterone increases cardiovascular toxicity to cocaine in 
nonpregnant ewes  (Plessinger and Woods). 
1990; 163:1659-64 
Carotid artery, internal 
Assessment of cerebral hemodynamics in pregnant women 
by internal carotid artery pulsed Doppler velocimetry 
(Ikeda and Mori). 1990;163:494-8 
Carrier state 
HBcAg identification in the placental cytotypes of 
symptom-free HBsAg-carrier mothers: a study with 
the immunoperoxidase method (Lucifora et al). 1990; 
163:235-9 
Catechol estrogens 
Formation, metabolism, and physiologic importance of ca- 
techolestrogens (Ball and Knuppen). 1990;163:2163-70 
(Symposium) 
Catecholamines 
Neuromodulatory regulation of gonadotropin-releasing 
hormone pulsatile discharge in women (Jaffe et al). 
1990;163:1727-31 (Supplement) 
Catheterization 
Alteration of 24-hour rhythms in myometrial activity in the 
chronically catheterized pregnant rhesus monkey after a 
6-hour shift in the light-dark cycle (Figueroa et al). 
1990; 163:648-54 
Catheters, indwelling 
Ultrasonographic guidance for central venous access 
(Greenspoon) (Letter); (Lee) (Reply). 1990;163: 
252 
Caucasoid race 
The eftect of race on the relationship between fetal death 
and altered fetal growth (Ferguson and Myers). 
1990; 163:1222-30 
Cefazolin 
Placental transfer of cefazolin and piperacillin in pregnan- 
cies remote from term complicated by Rh isoimmuniza- 
tion ‘Brown et al). 1990;163:938-43 
Cefotetan | 
Cefotetan and the lack of associated bleeding (Martens 
and Faro) (Letter); (Briggs et al) (Reply). 1990;163: 
251-2 
Cell division 
Proliferative and antiproliferative effects of interferon-y 
and tumor necrosis factor-a on cell lines derived from 
cervical and ovarian malignancies (Mutch et al). 
1990; 163:1920-4 
Cell growth; see Cell division 
Cell-mediated immunity; see Immunity, cellular 
Cell surface glycoproteins; see Membrane glycoproteins 
Cells, cultured 
Comparison of norethindrone and medroxyproges- 
terone acetate with natural progesterone and estradiol 
in stimulating prolactin production from cultured 
endometrial stromal cells (Levin et al}. 1990;163: 
1932-8 
Evidence of a role for protein kinase C in epidermal growth 
factor—induced prostaglandin E» synthesis in amnion cells 
(Kniss et al). 1990;163:1883-909 
Inhibition of aromatase activity by 8-bromo-cyclic adenosine 
monophosphate in cultured Arst-trimester human tro- 
pheblast (Rodway et al). 1990:163:1546-51 
Central venous pressure 
Ultrasonographic guidance for central venous access 
(Greenspoon) (Letter); (Lee) (Reply). 1990;163: 
252 
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Cerclage; see Pregnancy, prolonged 
Cerclage, cervical; sce Cervical incompetence 
Cerebral aneurysm 

In utero detection of cardiac failure from an aneurysm of 

the vein of Galen (Jeanty et al). 1990;163:50-1 
Cerebral circulation: see Brain 
Cerebral palsy 

Cerebral palsy and intrapartum fetal acidemia (Goodlin) 
(Letter); (Dennis et al) (Reply). 1990;163:266-7 

Prognosis for twins with birth weight <1500 gm: the impact 
of cesarean section in relation to fetal presentation (Ry- 
dhstrém). 1990; 163:528-33 

Cerebral veins 

In utero detection of cardiac failure from an aneurysm of 

the vein of Galen (Jeanty et al). 1990;163:50-1 
Cerebrovascular disorders 

Past use of oral contraceptives and cardiovascular 
disease: a meta-analysis in the context of the Nurses’ 
Health Study (Stampfer et al). 1990;163:285-91 (Sup- 
plement) 

Cervical cerclage; sec Cervical incompetence 
Cervical conization; see Biopsy 

Cervical dilators; see Surgical instruments 
Cervical incompetence 

The Shirodkar operation: a reappraisal (Frieden et al). 

1990; 163:830-3 
Cervical pregnancy; sce Pregnancy, ectopic 
Cervical ripening; see Cervix uteri; Labor, induced 
Cervix mucus 

Antisperm antibodies in women undergoing intrauterine 
insemination (Goldberg et al). 1990;163:65-8 

Cervix neoplasms 

Cervical cancer: Role for progesterone during pregnancy 
ahd contraception? (Stendahl and Rogo). 1990; 163:685- 
6 (Letter) ; 

Proliferative and antiproliferative effects of interferon-y 
and tumor necrosis factor-a on cell lines derived from 
cervical and ovarian malignancies (Mutch et al). 
1990; 163:1920-4 

Smoking and the antioxidant ascorbic acid: plasma, leuko- 
cyte, and cervicovaginal cell concentrations in normal 
healthy women (Basu et al). 1990;163:1948-52 

Successful conservative management of primary nonmetas- 
tatic cervical choriocarcinoma (Ben-Chetrit et al). 
1990; 163:1161-3 

Trend of cervical cancer in Jewish women (Baruch and 
Menczer) (Letter); (Glezerman et al) (Reply). 
1990; 163:703-4 

The use of in situ hybridization to show human papillo- 
mavirus deoxyribonucleic acid in metastatic cancer cells 
within lymph nodes (Lewandowski et al). 1990; 163:1333- 
7 

Cervix uteri 

Conservative management of cervical pregnancy with sub- 
sequent fertility (Ayromlooi) (Letter); (Bachus) (Reply). 
1990; 163:1093-5 

Modified laparoscopy for monitoring transcervical surgery 
(Lin and Iwata). 1990:163:243-4 (Letter) 

Morphologic study of changes of collagenous tissue in 
the amnion and cervix during prostaglandin-induced 
abortion and delivery (Manabe and Yoshida). 1990; 
163:52-6 

Prediction of risk for preterm delivery by ultrasonographic 
measurement of cervical length (Andersen et al). 
1990; 163:859-67 l 

Preventing cervical conization by achieving satisfactory col- 
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poscopy with kygroscopic cervical dilators (Stern et al). 
1990; 163:176-7 

Role of hormones in cervical ripening (Sert). 1990; 163:705- 

7 (Letter) 
Cervix uteri, animal 

Effect of intravaginal application of prostaglandin E, gel on 
the mechanical properties of the ovine cervix uteri al term 
(Owiny and Fitzpatrick). 1990;163:657-60 

Cesarean section 

Catastrophic complications of previous cesarean section 
(Chazotte and Cohen). 1990;163:738-42 

Epidural analgesia and cesarean section for dystocia (Chest- 
nut) (Letter); (Thorp and Parisi) (Reply). 1990; 163:247- 
9 

Extensive vulvar and vaginal varicella necessitating abdom- 
inal delivery (Sites et al). 1990;163:1630-1 

Fetal gastroschisis and omphalocele: Is cesarean section 
the best mode of delivery? (Lewis et al). 1990;163: 
773-5 

Fetal heart rate monitoring during cesarean section (Dunn) 
(Letter); (Petrikovsky et al) (Reply). 1990;163:253 

The incidence of significant fetomaternal hemorrhage in 
patients undergoing cesarean section (Feldman et al). 
1990; 163:855-8 

Labor epidural analgesia and dystocia-related cesarean sec- 
tion (Downing and Knape). 1990;163:1096-7 (Letter) 

Prognosis for twins with birth weight <1500 gm: the impact 
of cesarean section in relation to fetal presentation (Ry- 
dhstrém). 1990; 163:528-33 

Reducing cesarean sections at a teaching hospital (Sanchez- 
Ramos et al). 1990;163:1081-8 

Safe motherhood: Cesarean section or symphysiotomy? (van 
Roosmalen}. 1960;163:1-4 (Clin. opinion) 

Surgical staples in cesarean section: a randomized controlled 
trial (Villeneuve et al). 1990;163:1641-6 

Ultrasonographic evaluation of uteroplacental blood flow 
patterns of abnormally located and adherent placentas 
(Guy et al). 1990; 163:723-7 

Vaginal birth after abdominal delivery (Thorp and Bowes). 
1990;163:1101-2 (Letter) 

Vaginal birth after cesarean section: an appraisal of the 
reappraisal (Flamm) (Letter); (Yetman) (Reply). 
1990;163:691-2 

Chemotherapy 

Expression of P-glycoprotein in epithelial ovarian cancer: 
evaluation as a marker of multidrug resistance (Rubin et 
al). 1990;163:69-73 

Chest wall; see Thorax 
Chickenpox 

Extensive vulvar and vaginal] varicella necessitating abdom- 

inal delivery (Sites et al). 1990;163:1630-1 
Chorioamnionitis 

Amniotic fluid glucose concentration: a rapid and simple 
method for the detection of intraamniotic infection in 
preterm labor (Romero et al). 1990; 163:968-74 

In vitro inhibition of esterase activity in amniotic fuid: com- 
parison with bacterial cultures (Hoskins et al). 
1990; 163:1944-7 

Perinatal survival with expectant management of mid- 
trimester rupture of membranes (Major and Kitzmiller). 
1990; 163:838-44 

Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 1990; 163:823-5 

Secretion of phospholipases by bacterial pathogens may ini- 
tate preterm labor (Bennett et al). 1990;163:241-2 (Let- 
ter) 
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Choriocarcinoma 

Isolation and characterization of the gene from a human 
genome encoding 178-estradiol dehydrogenase: a com- 
parison of Jar and BeWo choriccarcinoma cell lines (Long 
et al). 1990;163:1976-81 

Successful conservative management of primary nonmetas- 
tatic cervical choriocarcinoma (Ben-Chetrit et al). 
1990;163:1161-3 ' 

Chorion 

Cases with ruptured membranes that “reseal” (Johnson et 
al). 1990;163:1024-32 

Spontaneous infarction of placental chorioangioma and as- 

= sociated regression of hydrops fetalis (Chazotte et al). 
1990;163:1180-1 

Chorionic gonadotropins; see Gonadotropins, chorionic 
Chorionic villi sampling 

Antenatal diagnosis of molybdenum cofactor deficiency 
(George et al). 1990;163:1203-4 

Detection of congenital toxoplasmosis by chorionic villus 
sampling and early amniocentesis (Foulon et al). 
1990; 163:151 1-3 

Direct analysis of uncultured cytotrophoblastic cells from 
second- and third-trimester placentas: an accurate and 
rapid method for detection of fetal chromosome abnor- 
malities (Shulman et al). 1990;163:1606-9 

An evaluation of the chorionic villus sampling learning 
curve (Silver et al). 1990;163:917-22 

Postmortem chorionic villus sampling is a better method 
for cytogenetic evaluation of early fetal loss than cul- 
ture of abortus material (Johnson et al). 1990;163: 
1505-10 | | 

Second-trimester placental biopsy for rapid fetal karyotyp- 
ing (Cameron et al). 1990;163:93 1-4 

Transcervical chorionic villus sampling and amniocentesis: 
a comparison of reliability, culture findings, and fetal out- 
come (Ferguson et al), 1990;163:926-3] 

Chromosome abnormalities 

The association of single umbilical artery with cyto- 
genetically abnormal pregnancies (Saller et al). 1990; 
163:922-5 

Cytogenetic uncertainties surrounding the fragile X in Mar- 
tin-Bell syndrome (Sindwani and Verma). 1990; 163:1713- 
4 (Letter) 

Direct analysis of uncultured cytotrophoblastic cells from 
second- and third-trimester placentas: an accurate and 
rapid method for detection of fetal chromosome abnor- 
malities (Shulman et al). 1990;163:1606-9 

Placental histology in fetuses between 18 and 23 weeks’ ges- 
tation with abnormal karyotype (Kuhlmann et al). 
1990; 163:1264-70 

Ultrasonographic detection of the second-trimester fetus 
with trisomy 18 and trisomy 21 (Ginsberg et ai). 
1990;163:1186-90 

Chronic renal disease; see Kidney failure, chronic 
Cigarette smoking; sce Smoking 
Circadian rhythm 

Alteration of 24-hour rhythms in myometrial activity in the 
chronically catheterized pregnant rhesus monkey after a 
6-hour shift in the light-dark cycle (Figueroa et al). 
1990; 163:648-54 

Circumcision 

Effectiveness of 1% lidocaine dorsal penile nerve block in 

infant circumcision (Arnett et al). 1990;163:1074-80 
Cisplatin 

The prognostic significance of CA 125 half-life in patients 

with ovarian cancer who have received primary chemo- 
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Cisplatin—cont’d 
therapy after surgical cytoreduction (Hunter et al). 
1990; 163:1164-7 
Clindamycin 
Bacterial vaginosis: diagnostic and pathogenetic findings 
during topical clindamycin therapy (Livengood et al). 
1990; 153:515-20 
Clindamycin dosage scheduling for acute pelvic infection 
(Chatwani et al). 1990;163:240 (Letter) 
Clinical opinion 
Clinical opinion. 1990;163:1-8, 447-52, 1111-9, 1421-9 
Clinical studies; see Evaluation studies 
Clomiphene 
Luteal insufficiency: correlation between endometrial dat- 
ing and integrated progesterone output in clomiphene 
citrate—induced cycles (Hecht et al). 1990; 163:1986-91 
Clonidine 
Effects of clonidine on breathing movements and electro- 
cortical activity in the fetal lamb (Bamford et al). 
1990; 163:661-8 
Clostridiopeptidase A 
Changes in active and latent collagenase in human placenta 
around the time of parturition (Rajabi et al). 
1990; 163:499-503 
Closure, surgical; see Surgery, operative 
Cocaine 
Cocaine effects on fetal behavioral state (Tabor and Soffici) 
(Letter); (Hume) (Reply). 1990;163:1364-5 
Gocaine-related maternal death (Burkett et al). 
1990; 163:40-1 
Lack of specific placental abnormality associated with co- 
caine use (Gilbert et al). 1990;163:998-9 
Metabolism of cocaine by human placentas: implications for 
fetal exposure (Roe et al). 1990;163:715-8 
The perinatal impact of cocaine, amphetamine, and opiate 
use detected by universal intrapartum screening (Gillo- 
gley et al). 1990; 163:1535-42 
Prevalence of use of cocaine and other substances in an 
obstetric population (Matera et al). 1990;163:797-801 
Progesterone increases cardiovascular toxicity to cocaine in 
nonpregnant ewes  (Plessinger and Woods). 
1990; 163:1659-64 
The relationship of cocaine use to syphilis and human im- 
munodeficiency virus infections among inner city partu- 
rient women (Minkoff et al). 1990;163:521-6 
Rupture of unscarred uterus in primigravid woman in as- 
sociation with cocaine abuse (Gonsoultn et al). 
1990; 163:526-7 
Coitus 
Hemoperitoneum as a result of coital injury without asso- 
ciated vaginal injury (McColgin et al). 1990; 163:1503-5 
Collagen 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 
III procollagen in serum (Puistola et al). 1990; 163:1276- 
81 
Morphologic study of changes of collagenous tissue in the 
amnion and cervix during prostaglandin-induced abor- 
tion and delivery (Manabe and Yoshida). 1990; 163:52-6 
Collagenase; sce Clostridiopeptidase A 
Colonic neoplasms 
Colon cancer in pregnancy with elevated maternal serum 
a-fetoprotein level at presentation (Gonsoulin et al). 
1990; 163:1172-3 
Colony-stimulating factor 
Lymphokine production during term human pregnancy: 
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differences between peripheral leukocytes and decidual 
cells (Dudley et al). 1990;163:1890-3 

Color flow Doppler; see Flowmeters 

Colposcopy 

Colposcopy in diethylstilbestrol-ex posed offspring (Gimbel) 
(Letter); (Helmerhorst) (Reply}. 1990;163:703 

Preventing cervical conization by achieving satisfactory col- 
poscopy with hygroscopic cervical dilators (Stern et al). 
1990; 163: 176-7 

Combination chemotherapy; see Drug therapy, combination 
Computed tomography; see Tomography, x-ray computed 
Computer-assisted diagnosis; see Diagnosis, computer-as- 
sisted 
Conception; see Fertilization 
Congenital abnormalities; see Abnormalities 
Congenital cytomegalovirus infection; see Cytomegalovi- 
ruses 
Congenital infection; see Infection, congenital 
Congenital toxoplasmosis; see Toxoplasmosis, congenital 
Consensus development statement 
Consensus development statement. 1990; 163:1689-712 
Consultants 

Consultants for the American Journal of Obstetrics and Gy- 
necology, September J], 1989 — August 31, 1990. 
1990; 163:1771-80 

Contraception 

Cervical cancer: Rele for progesterone during pregnancy 
and contraception? (Stendahl and Rogo). 1990;163:685- 
6 (Letter) 

Contraception and ectopic pregnancy risk (Franks et al). 
1990; 163:1120-3 

Contraception, immunologic 

Lymphocyte proliferative response to fertilization antigen 
in patients with antisperm antibodies (Naz et al). 
1990; 163:610-3 

Contraceptives, oral 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Clinical acceptability of monophasic gestodene (Dusterberg 
and Brill). 1990;163:1398-403 (Supplement) 

Effect of low-dose oral contraceptives on carbohydrate and 
lipid metabolism in women with recent gestational dia- 
betes: results of a controlled, randomized, prospective 
study (Kjos et al}. 1990;163:1822-7 

Effects of oral contraceptives on lipid metabolism (Gevers 
Leuven et al), 1990;163:1410-3 (Supplement) 

Factors affecting the enteroheratic circulation of oral con- 
traceptive steroids (Orme and Back). 1990;163:2146-52 
(Symposium) 

First European Conference on Sex Steroids and Metabo- 
lism: introductory remarks (Jespersen et al). 
1990; 163:273 (Supplement) 

A follow-up study of methocs of contraception, sexual 
activity, and rates of trichomoniasis, candidiasis, 
and bacterial vaginosis (Barbone et al). 1990;163: 
510-4 

Formation, metabolism, and physiologic importance of ca- 
techolestrogens (Ball and Knuppen). 1990;163:2162-70 
(Symposium) 

Gastrointestinal disease and oral contraception (Hanker). 
1990; 163:2204-7 (Symposium) 

Gastrointestinal metabolism of contraceptive steroids (Back 
et al). 1990;163:2138-45 (Symposium) 

Influence of oral contraceptives on drug therapy (Teich- 
mann). 1990;163:2208-13 (Symposium) 
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Inhibition of oral contraceptive steroid-metabolizing en- 
zymes by steroids and drugs (Guengerich). 1990;163: 
2159-63 (Symposium) 

Inhibition of ovulation by low-dose monophasic contracep- 
tive contaming gestodene (Thomas and Vankrieken). 
1990; 163:1404-9 (Supplement) 

Interactions with oral contraceptives  (Fotherby). 
1990;163:2153-9 (Symposium) 

Oral contraception in disease states (Breckwoldt et al). 
1990; 163:2213-6 (Symposium) 

Oral contraceptives, lipoproteins, and atherosclerosis (Ad- 
ams et al). 1990;163:1388-92 (Supplement) 

Oral contraceptives and breast cancer (Schlesselman). 
1990; 163:1379-87 (Supplement) 

Oral contraceptives and myocardial infarction (Thorney- 
croft). 1990; 163:1393-7 (Supplement) 

Pharmacokinetics and pharmacodynamics of oral contra- 
ceptive steroids: factors influencing steroid metabolism 
(Jung-Hoffmann and Kuhl). 1990;163:2183-97 (Sym- 
posium) 

Pharmacokinetics of ethinyl estradiol and mestranol (Gold- 
zieher and Brody). 1990;163:2114-9 (Symposium) 

Pharmacokinetics of gestagens: some problems (Fotherby). 
1990; 163:323-8 (Supplement) 

Pharmacokinetics of gestodene and ethinyl estradiol after 
oral administration of a monophasic contraceptive 
(Tauber et al). 1990;163:1414-20 (Supplement) 

Pharmacokinetics of oral contraceptive steroids and drug 
‘interaction: conclusion (Kuhl). 1990;163:2216-8 (Sym- 
posium) 

Pharmacokinetics of oral contraceptive steroids and drug 
interacuon: introduction (Kuhl). 1990;163:2113 (Sym- 
posium) 

Pharmacokinetics of the contraceptive steroids levonorges- 
trel and gestodene after single and multiple oral admin- 
istration to women (Kuhnz). 1990;163:2120-7 (Sym- 
posium) 

Pharmacologic and pharmacokinetic characteristics of nor- 
gestimate and its metabolites (McGuire et al). 
1990; 163:2127-31 (Symposium) 

Prodrugs: Advantage or disadvantage? (Hammerstein). 
1990; 163:2198-203 (Symposium) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Hiimpel et 
al). 1990; 163:329-33 (Supplement) 

Selected aspects of the pharmacokinetics and metabolism of 
ethinyl estrogens and their clinical implications (Gold- 
zieher). 1990;163:318-22 (Supplement) 

Serum pharmacokinetics of orally administered desogestrel 
and binding of contraceptive progestogens to sex hor- 
mone--binding globulin (Bergink et al). 1990;163:2132- 
7 (Symposium) 

Contraceptives, oral, adverse effects 

Cardiovascular death among women under 40 years of age 
using low-estrogen oral contraceptives and intrauterine 
devices in Finland from 1975 to 1984 (Hirvonen and 
Idanpdan-Heikkila). 1990; 163:281-4 (Supplement) 

Clinical aspects of the relationship between oral contracep- 
tives, abnormalities in carbohydrate metabolism, and the 
development of cardiovascular disease (Gaspard and Le- 
febvre). 1990;163:334-43 (Supplement) 
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Clinical aspects of the relationship between oral contracep- 
tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kelleher). 
1990;163:392-5 (Supplement) 

The clinical relevance of oral contraceptive pill—induced 
plasma lipid changes: facts and fiction (Hoppe). 
1990; 163:388-91 (Supplement) 

Comparative studies of 30 wg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990;163:430-7 (Supplement) 

Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990; 163:378-81 (Supplement) 

Etfects of long-term gestodene-containing oral contracep- 
tive administration on hemostasis {Abbate et al). 
1990; 163:424-9 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et al). 1990;163:396-403 (Supple- 
ment) 

Effects of oral contraceptives on carbohydrate and lipid me- 
tabolisms in a healthy population: the Telecom Study (S1- 
mon et al). 1990;163:382-7 (Supplement) 

Effects of three combined oral contraceptive preparations 
containing desogestrel plus ethinyl estradiol on lipid me- 
tabolism in comparison with two levonorgestrel prepa- 
rations (Kloosterboer and Rekers). 1990; 163:370-3 (Sup- 
plement) 

Enhanced generation and resolution of fibrin in women 
above the age of 30 years using oral contraceptives low 
in estrogen (Gram et al). 1990; 163:438-42 (Supplement) 

An epidemiologic survey of cardiovascular disease in women 
taking oral contraceptives (Thorogood and Vessey). 
1990; 163:274-81 (Supplement) 

Estrogenic effect of gestodene- or desogestrel-containing 
oral contraceptives on lipoprotein metabolism (Gevers 
Leuven et al). 1990;163:358-62 (Supplement) 

Hemostasis profile in women taking low-dose oral contra- 
ceptives (David et al). 1990;163:420-3 (Supplement) 

Impairment of glucose tolerance: mechanism of action and 
impact on the cardiovascular system (Beck-Nielsen et al). 
1990; 163:292-5 (Supplement) l 

Influence of oral contraceptives on coagulation tests in na- 
tive blood and plasma (Kunz etal). 1990;163:417-20 (Sup- 
plement) 

Low-dose oral contraceptives and carbohydrate metabolism 
(Godsland et al). 1990; 163:348-53 (Supplement) 

Mechanism of action of oral contraceptives on carbohydrate 
metabolism at the cellular level (Skouby et al). 
1990; 163:343-8 (Supplement) 

Metabolic changes during the normal menstrual cycle: a 
longitudinal study (Lebech et al). 1990;163:414-6 (Sup- 
plement) 

Metabolic changes during treatment with two different pro- 
gestogens (Refn et al). 1990; 163:374-7 (Supplement) 
Oral contraceptives in risk groups: Exclusion or monitor- 

ing? (Guillebaud). 1990; 163:443-6 (Supplement) 

Past use of oral contraceptives and cardiovascular disease: 
a meta-analysis in the context of the Nurses’ Health Study 
(S:ampfer et al). 1990;163:285-91 (Supplement) 

Role of plasma lipoproteins in the pathogenesis of athero- 
sclerotic disease, with special reference to sex hormone 
eftects (Tikkanen). 1990;163:296-304 (Supplement) 
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Contraceptives, oral, adverse effects—cont’d 
Some aspects of the relationship between oral contracep- 
tives, lipid abnormalities, and cardiovascular disease 
(Samsioe and Mattsson). 1990; 163:354-8 (Supplement) 
Studies on the mechanism of action of oral contraceptives 
with regard to fibrinolytic variables (Kooistra et al). 
1990; 163:404-13 (Supplement) 


Time-dependent alterations in lipid metabolism during 


treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Why do we need pharmacokinetic studies? (Hvidberg). 

1990; 163:316-8 (Supplement) 
Cordocentesis; sce Fetal blood 
Coronary disease 

An epidemiologic survey of cardiovascular disease in women 
taking oral contraceptives (Thorogood and Vessey). 
1990: 163:274-81 (Supplement) 

Evidence of heterogeneous mechanisms in lipoprotein lipid 
alterations in hyperandrogenic women (Wild et al). 
1990; 163:1998-2005 

Impairment of glucose tolerance: mechanism of action and 
impact on the cardiovascular system (Beck-Nielsen et al). 
1990; 163:292-5 (Supplement) 

Low-dose oral contraceptives and carbohydrate metabolism 
(Godsland et al). 1990;163:348-53 (Supplement) 

Oral contraception in disease states (Breckwoldt et al). 
1990; 163:2213-6 (Symposium) 

Prevalence and determinants of.estrogen replacement ther- 
apy in elderly women (Cauley et al). 1990;163:1438-44 

Coronary vessels, physiopathology 

Postpartum coronary artery dissection followed by heart 

transplantation (Curiel et ali. 1990; 163:538-9 
Corpus luteum 

Corpus luteum function in early pregnancies is primarily 
determined by the rate of change of human chorionic 
gonadotropin levels (Kratzer and Taylor). 
1990;163:1497-502 

Oxytocin and vasopressin binding sites in human and bovine 
ovaries (Fuchs et al). 1990;163:1961-7 

Corrections 

The American Board of Obstetrics and Gynecology, Inc. 
(1990; 162:1645-68). 1990; 163:2030 

Evaluation of a risk scoring system as a predictor of preterm 
birth in an indigent population (Owen œt al) 
(1990; 163:873-9). 1990;163:2030 

Fetal thoracic circumference: a prospective cross-sectional] 
study with real-time ultrasound (Fong et al) 
(1988; 158:1154-60). 1990; 163:1363 

Transabdominal and transvaginal ultrasonography in the 
diagnosis of ectopic pregnancy: a comparative study 
(1990; 163:123-9). 1990; 163:2030 

Treatment-dependent and treatment-independent preg- 
nancy among women with periadnexal adhesions (Tu- 
landi et al) (1990; 162:354-7). 1990;163:271 

Correspondence 

Letters. 1990;163:240-71, 677-712, 1089-107, 1364-77, 

1713-7, 2024-30 
Corticosteroid binding-globulin; see Transcortin 
Corticosteroids; see Adrenal cortex hormones 
Corticotropin-releasing hormone 

Corticotropin-releasing hormone in amniotic fuid (Laat- 
kainen) (Letter); (Sasaki) (Reply). 1990;163:1102-3 

Mechanism of action of interleukin-18 in increasing corti- 
cotropin-releasing factor and adrenocorticotropin hor- 
mone release from cultured human placental cells (Pe- 
traglia et al). 1990;163:1307-12 
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Cortisol; see Hydrocortisone 


` Cost benefit analysis 


Cost-effectiveness of intrapartum screening and treatment 
for maternal group B streptococci colonization (Strick- 
» land et al). 1990;163:4-8 (Clin. opinion) 
Cost effectiveness; see Cost benefit analysis 
Crack cocaine; see Cocaine 
Curettage 
Experience with the EndoPap device for the cytologic de- 
tection of uterine cancer and its precursors: a comparison 
of the EndoPap with fractional curettage or hysterectomy 
(LaPolla et al). 1990;163:1055-60 
Current development 
Current development. 1990;163:162-9, 1282-93 
Cushing’s syndrome 
Ketoconazole treatment of Cushing’s syndrome in preg- 
nancy (Divers). 1990;163:1101 (Letter) 
Cyclic AMP; see Adenosine cyclic monophosphate 
Cyclooxygenase; sce Prostaglandin synthase 
Cynomolgus monkeys; see Macaca fascicularis 
Cyproterone 
Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990; 163:378-81 (Supplement) 
Cystadenoma 
Hemoperitoneum as a result of coital injury without asso- 
ciated vaginal injury (McColgin et al). 1990;163: 
1503-5 
Papillary cystadenoma of the broad ligament in von Hippel- 
Lindau disease (Korn et al). 1990;163:596-8 
Cystic angiomatosis; see Angiomatosis 
Cystic hygroma; see Lymphangioma 
Cysts 
Endometrioma of the liver (Rovati et al). 1990;163:1490-2 
Management of selected cystic adnexal masses in post- 
menopausal women by operative laparoscopy: a pilot 
study (Parker and Berek). 1990;163:1574-7 
Cytochrome P-450 
Inhibition of oral contraceptive steroid-metabolizing en- 
zymes by steroids and drugs (Guengerich). 1990;163: 
2159-63 (Symposium) 
Cytogenetics 
Direct analysis of uncultured cytotrophoblastic cells from 
second- and third-trimester placentas: an accurate and 
rapid method for detection of fetal chromosome abnor- 
malities (Shulman et al). 1990;163:1606-9 
Cytomegalic inclusion disease, diagnosis 
Prenatal diagnosis of congenital cytomegalovirus infection 
by virus isolation from amniotic fluid (Weiner and Grose). 
1990; 163:1253-5 
Cytomegaloviruses 
Prenatal diagnosis of congenital cytomegalovirus infection: 
two decades later (Grose and Weiner). 1990;163:447-50 
(Clin. opinion) 
Prenatal diagnosis of fetal intracranial calcificauons (Koga 
et al). 1990;163:1543-5 
Cytotoxicity, immunologic 
Autologous antibodies eluted from membrane fragments in 
human ovarian epithelial neoplastic effusions. HI. Cyto- 
toxic potential in vitro and characterization of antigen(s) 
(Kutteh et al). 1990;163:1301-6 
Cytotoxicity tests, immunologic 
A comparison of sperm antibody assays (Daru and Mathur). 
1990; 163:1622-9 
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Cytotrophoblastic cell analysis; see Cytogenetics 


D 


Danazol 

Effects of danazol, gonadotropin-releasing hormone ago- 
nist, and a combination of danazol and gonadotropin- 
releasing hormone agonist on experimental endometri- 
osis (Sakata et al). 1990;163:1679-84 

Death, maternal, see Maternal mortality 

Deceleration . 

_ The effect of amnioinfusion on uterine pressure and activ- 
ity: a preliminary report (Posner et al). 1990;163:813-8 

Effect of uterine contractility and maternal hypotension on 
prolonged decelerations after bupivacaine epidural an- 
esthesia (Steiger and Nageotte). 1990;163:808-12 

Decidua 

Immunocytochemical distribution and localization of 15-hy- 
droxyprostaglandin dehydrogenase in human fetal mem- 
branes, decidua, and placenta (Cheung et al). 
1990;163:1445-9 

Lymphokine production during term human pregnancy: 
differences ‘between peripheral leukocytes and decidual 
cells (Dudley et al). 1990;163:1890-3 

Dehydroepiandrosterone 

Role of hormones in cervical ripening (Sert). 1990; 163:705- 

7 (Letter) 
Delivery 

A comparison of the effect of epidural, general, and no 
anesthesia on funic acid-base values by stage of labor and 
type of delivery (Shyken et al). 1990;163:802-7 

The effect of mode of delivery on the perinatal outcome in 
fetuses with abdominal wall defects (Moretti et al). 
1990; 163:833-8 

Fetal gastroschisis and omphalocele: Is cesarean section the 
best mode of delivery? (Lewis et al). 1990; 163:773-5 

Is indicated or spontaneous preterm delivery more advan- 
tageous for the fetus? (Owen et al). 1990; 163:868-72 

Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 199G;]63:823-5 

Vaginal birth after abdominal delivery (Thorp and Bowes). 
1990;163:1101-2 (Letter) 

Vaginal birth after cesarean section: an appraisal of the 
reappraisal (Flamm) (Letter); (Yetman) (Reply). 
1990; 163:691-2 

Vaginal breech delivery: a five-year prospective evaluation 
of a protocol using computed tomographic pelvimetry 
(Christian et al). 1990;163:848-55 

Deoxyribonucleic acid fingerprints; see Nucleotide mapping 
Descending aorta; see Aorta, thoracic 
Desogestrel 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytcplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Gastrointestinal metabolism of contraceptive steroids (Back 
et al). 1990;163:2138-45 (Symposium) 

Pharmacokinetics and pharmacodynamics of oral contra- 
ceptive steroids: factors influencing steroid metabolism 
(Jung-Hoffmann and Kuhl). 1990;163:2183-97 (Sym- 
posium) . 

Serum pharmacokinetics of orally administered desoges- 
trel and binding of contraceptive progestogens to sex 
hormone—binding globulin (Bergink et al). 1990;163: 
2132-7 (Symposium) 

Desogestrel/ethinyl estradiol 

Comparative studies of 30 pg ethinyl estradiol combined 

with gestodene and desogestrel on blood coagulation, fi- 
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brinolysis, and platelets 
1990; 163:430-7 (Supplement) 

Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990; 163:378-81 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et al). 1990;163:396-403 (Supple- 
ment) 

Effects of three combined oral contraceptive preparations 
containing desogestrel plus ethinyl estradiol on lipid me- 
tabolism in comparison with two levonorgestrel prepa- 
rations (Kloosterboer and Rekers). 1990; 163:370-3 (Sup- 
plement) 

Estrogenic effect of gestodene- or desogestrel-containing 
oral contraceptives on lipoprotein metabolism (Gevers 
Leuven et al). 1990;163:358-62 (Supplement) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone~binding globulin, 
corucosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Htimpel et 
al). 1990;163:329-33 (Supplement) 

Time-dependent alterations in lipid metabolism during 
treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Dextrans 

Safety of 32% dextran 70 for hysteroscopy (Ljungström) 
(Letter); (Jedeikin and Olsfanger) (Reply). 
1990; 163:2029-30 

Diabetes, pregnancy and; see Pregnancy in diabetes 
Diabetes insipidus 

Indomethacin treatment for polyhydramnios and subse- 
quent infantile nephrogenic diabetes insipidus (Smith et 
al). 1990; 163:98-9 

Diabetes mellitus 

Infants of diabetic mothers with accelerated fetal growth by 
ultrasonography: Are they all alike? (Keller et al). 
1990; 163:893-7 

Oral contraception in disease states (Breckwoldt et al). 
1990; 163:2213-6 (Symposium) 

Prevalence and etiology of respiratory distress in infants of 
diabetic mothers: predictive value of fetal lung matura- 
tion tests (Kjos et al). 1990;163:898-903 

Diabetes mellitus, insulin-dependent 
‘Diabetic ketoacidosis and insulin resistance with subcuta- 
neous terbutaline infusion: a case report (Tibaldi et al). 
1990; 163:509-10 
Diabetes mellitus, non-insulin-dependent 

Gestational diabetes mellitus: the prevalence of glucose in- 

- tolerance and diabetes mellitus in the first two months 
post partum (Kjos et al). 1990;163:93-8 

Diabetic ketoacidosis; see Acidosis, diabetic; Ketosis, diabetic 
Diabetic mothers; see Pregnancy in diabetes 
Diagnosis, computer-assisted 

Blood pressure measured telemetrically from home 
throughout pregnancy (Mooney et ail). 1990;163: 
30-6 

Ultrasonographic fetal weight estimation by an integrated 
computer-assisted system: Can each laboratory improve 
its accuracy? (Thompson et al). 1990; 163:986-95 

Vaginal breech delivery: a five-year prospective evaluation 


(Daly and Bonnar). 
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Diagnosis, computer-assisted—cont’d 
of a protocol using computed tomographic pelvimetry 
(Christian et al). 1990;163:848-55 

Diagnosis, differential . 

Use’ of serial human chorionic gonadotropin measurements 
to differentiate between intrauterine and ectopic preg- 
nancies (Kadar) (Letter); (Lindblom et al) (Reply). 
1990; 153:259-61 

Diagnosis, laboratory 

Disorders of the hemostatic system and the risk of the de- 
velopment of thrombotic and cardiovascular diseases: lim- 
itations of laboratory diagnosis {Kluft}. 1990;163:305-12 
(Supplement) 

The importance of considering. clinical ‘usefulness in the 
evaluation of medical laboratory tests (Sever). 
1990; 163:678-9 (Letter) | 

Laboratory identification of the lupus anticoagulant i in nor- 
mal pregnancy and pregnancy-induced ‘hypertension 
(Riveros et “al) (Letter); (Lockwood). (Reply). 
1990; 163:704-5 | ney : 

Diazoxide 

Suppression of serum insulin level by diazoxide does not 
alter serum testosterone of sex hormone—binding glob- 
ulin levels in healthy, nonobese women (Nestler et al). 
1990; 163:1243-6 | 

Diethylstilbestrol, adverse effects 

Colposcopy in diethylstilbestrol-exposed offspring 
(Gimbel) (Letter); (Helmerhorst) (Reply). 1990;163: 
703 | a 

Digoxin-like immunoreactive factor 

Digoxin-like immunoreactive factor and respiratory distress 

syndrome (Goodlin). 1990;163:1091 (Letter) 

Dilapan; see Surgical instruments . 

Dinoprost 

- Conservative treatment of ovarian pregnancy by local pros- 
taglandin Fa injection (Koike et al). 1990;163:696 
(Letter) 

Critical comments on the treatment of tubal pregnancy with 
prostaglandins (Dietl and Lippert) (Letter); (Egarter and 
Husslein) (Reply). 1990;163:707-8 

Double-blind comparison of intravaginal prostaglandin E} 
gel and “chip” for preinduction cervical ripening (Smith 
et al). 1990; 163:845-7 

Dinoprostone 

Effect of intravaginal application of prostaglandin E, gel on 
the mechanical properties of the ovine cervix uteri at term 
(Owiny and Fitzpatrick). 1990;163:657-60 

Evidence of a role for protein kinase C in epidermal growth 
factor—induced prostaglandin E, synthesis in amnion cells 
(Kniss et al). 1990;163:1883-90 

The role of fetal membranes in regulating production, 
transport, and metabolism of prostaglandin E, during la- 
bor (McCoshen et al). 1990;163:1632-40 __ 

Uterine hyperstimulation after low-dose prostaglandin E, 
therapy: tocolytic treatment in 181 cases (Egarter et al). 
1990; 163:794-6 

Disease models, animal | 

Ovarian granulosa cell tumorigenesis in SWR-derived Fl 
hybrid mice: preneoplastic follicular abnormality and ma- 
lignant disease progression (Tennent et al). 
1990;163:625-34 | | 

Disseminated intravascular coagulation 

Explanation of mechanism of Hyskon solution reaction 

needed (Loffer). 1990;163:2029 (Letter) 
DNA, viral 
Carbon dioxide laser energy disperses human papilloma- 
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virus deoxyribonucleic acid onto treatment fields (Fer- 
enczy et al). 1990;163:1271-4 
DNA fingerprinting; see Nucleotide mapping 
DNA probes 
Differential diagnosis between complete mole and hydropic 
abortus by deoxyribonucleic acid fingerprints (Nobunaga 
et al). 1990;163:634-8 
DNA probes, HPV 
The use of in situ hybridization to show human papille- 
mavirus deoxyribonucleic acid in metastatic cancer cells 
within lymph nodes (Lewandowski et al). 1990;163:1333- 


Donor oocytes; sce Oocytes 
Donors; see Tissue donors 
Dopamine 

Hypothalamic amenorrhea: clinical perspectives, pathc- 
physiology, and ene (Liu). 1990;163:1732-5 
(Supplement) 

Doppler echocardiography; sze AEE E Doppler 
Doppler velocimetry; see Flowmeters 
Down’s syndrome 

Maternal serum Down syndrome screening: free B-protein 
is a more effective marker than human chorionic gonad- 
otropin (Macri et al). 1999;163:1248-53 

Maternal serum unconjugated estriol levels are lower in the 
presence of fetal Down syndrome (Haddow et al) (Letter); 

(Macri et al) (Reply). 1990;163:1372-4 

Potential prenatal predictions of Down syndrome: a statis- 
tical analysis (O’Brien et al). 1990;163:1796-8 

Screening for trisomy 21 with ultrasonographic determi- 
nation. of biparietal diameter/femur length ratio (Mar- 
quette et al). 1990;163:1604-5 

Ultrasonographic detection of the second-trimester fetus 
with trisomy 18 and trisomy 21 (Ginsberg et al). 
1990;163:1186-G0 — 

Drug abuse; sce Substance abuse 
Drug interactions 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Factors affecting the enterohepatic circulation of oral con- 
traceptive steroids (Orme and Back). 1990;163:2146-52 
(Symposium) l 

Formation, metabolism, and physiologic importance of ca- 
techolestrogens (Ball and Knuppen). 1990;163:2163-70 
(Symposium) 

Gastrointestinal disease and oral contraception (Hanker). 
1990;163:2204-7 (Symposium) 

Gastrointestinal metabolism of contraceptive steroids (Back 
et al). 1990;163:2138-45 (Symposium) 

Influence of oral contraceptives on drug therapy (Teich- 
mann). 1990;163:2208-13 (Symposium) 

Inhibition of oral contraceptive steroid-metabolizing en- 
zymes by steroids and drugs (Guengerich). 1990;163: 
2159-63 (Symposium) 

Interactions with oral contraceptives 
1990; 163:2153-S (Symposium) 

Oral contraception in’ disease states (Breckwoldt et al). 
1990; 163:2213-6 (Symposium) 

Pharmacokinetics and pharmacodynamics of oral contra- 
ceptive steroids: factors influencing steroid metabolism 
(Jung-Hoffmann and Kuhl). 1990;163:2183-97 (Sym- 
posium) . 

Pharmacokinetics of ethinyl estradiol and mestranol (Gold- 
zieher and Brody). 1990;163:2114-9 (Symposium) 

Pharmacokinetics of oral contraceptive steroids and drug 


(Fotherby). 
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interaction: conclusion (Kuhl). 1990;163:2216-8 (Sym- 
posium) 

Pharmacokinetics of oral contraceptive steroids and drug 
interaction: introduction (Kuhl). 1990;163:2113 (Sym- 
posium) 

Pharmacokinetics of the contraceptive steroids levonorges- 
trel and gestodene after single and multiple oral admin- 
istration to women (Kuhnz). 1990;163:2120-7 (Sym- 
posium) 

Pharmacologic and pharmacokinetic characteristics of nor- 
gestimate and its metabolites (McGuire et al). 
1990;163:2127-31 (Symposium) 

Prodrugs: Advantage or disadvantage? (Hammerstein). 
1990; 163:2198-203 (Symposium) 

Serum pharmacokinetics of orally administered desoges- 

trel and binding of contraceptive progestogens to sex 


hormone—binding globulin (Bergink et al). 1990;163: . 


2132-7 (Symposium) 
Drug resistance 
Expression of P-glyccprotein in epithelial ovarian cancer: 
evaluation as a marker of multidrug resistance (Rubin et 
al). 1990;163:69-73 
Drug therapy 
The prognostic significance of CA 125 half-life in patients 
with ovarian cancer who have received primary chemo- 
therapy after surgical cytoreduction (Hunter et al). 
1990; 163:1164-7 
Successful conservative management of primary nonmetas- 
tatic cervical choriocarcinoma (Ben-Chetrit et al). 
1990; 163:1161-3 
Drug therapy, combination 
Combination therapy has potential complications (Frohlich) 
(Letter); (Snyder and Cardwell) (Reply). 1990; 163:244 
Ductus arteriosus 
Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990;163:558-66 
Dyspareunia 
Laparoscopic ventrosuspensions (Yoong). 1990; 163:1151-3 
Dystocia 
Can shoulder dystocia be predicted? (Gimbel) (Letter); 
(O'Leary) (Reply). 1990; 163:680 
Can shoulder dystocia be prevented? (Nagey) (Letter); 
(O’Leary) (Reply). 1990;163:1095-6 
Epidural analgesia and cesarean section for dystocia (Chest- 
nut) (Letter); (Thorp and Parisi) (Reply). 1990;163:247- 
9 


Labor epidural analgesia and dystocia-related cesarean sec- 


tion (Downing and Knape). 1990;163:1096-7 (Letter) 


E 


Eating disorders 
Infertility and eating disorders (Stewart et al). 
1990; 163:1196-9 : 
Echo-planar imaging; see Magnetic resonance imaging 
Echocardiography 
Prognostic indicators of the resolution of nonimmune hy- 
drops fetalis and survival of the fetus (Carlson et al). 
1990;163:1785-7 
Echocardiography, Doppler 
Assessment of cerebral hemodynamics in pregnant women 
by internal carotid artery pulsed Doppler velocimetry 
(ikeda and Mori). 1990;163:494-8 
Blood flow velocity and pulsatile diameter changes in the 
fetal descending aorta: a longitudinal study (Stale et al). 
1990; 163:26-9 
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Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al), 1990;163:558-66 

Prenatal diagnosis of a chest wall mass with ultrasonography 
and Doppler velocimetry: a case report (Smith et al). 
1990;163:567-9 

Relationship between the ovine fetal umbilical artery blood 
flow waveform and umbilical vascular resistance (Irion 
and Clark). 1990;163:222-9 

Eclampsia 

Eclampsia. VI. Maternal-perinatal outcome in 254 consec- 
utive cases (Sibai). 1990;163:1049-55 

Epidemiology of preeclampsia and eclampsia in the United 
States, 1979-1986 (Saftlas et al). 1990;163:460-5 

Magnesium sulfate is not an ideal anticonvulsant (Goodlin) 
(Letter); (Sibat) (Reply). 1990;163:1714-5 

National High Blood Pressure Education Program Working 
Group report on high blood pressure in pregnancy. 
1990; 163:1691-712 (Supplement) 

Phenytoin and magnesium sulfate in eclampsia (Dommisse) 
(Letter); (Ryan) (Reply). 1990;163:1089-91 

Ectopic pregnancy; see Pregnancy, ectopic 
Edema 

False-negative syphilis screening: the prozone phenome- 
non, nonimmune hydrops, and diagnosis of syphilis dur- 
ing pregnancy (Berkowitz et al). 1990;163:975-7 

Editorial 
Editorial. 1990;163:1109-10 
Education, medical 

Does obstetric ethics have any role in the obstetrician’s re- 
sponse to the abortion controversy? (Chervenak and 
McCullough), 1990; 163:1425-9 (Clin. Pa 

Egg transport; see Ovum transport 
Eicosanoids | 

Low-dose aspirin. II. Relationship of angiotensin II pressor 
responses, circulating eicosanoids, and pregnancy out- 
come (Brown et al). 1990;163:1853-61 


Electric conductivity 


Ovulation prediction from cyclic changes in salivary elec- 
trical conductivity (Loewit et al). 1990;163:708-10 
(Letter) 

Electrocardiography 

Effects of ritodrine tocolysis on cardiac isozymes and elec- 
trocardiography (Hendricks and Katz) (Letter); (Hadi 
and Albazzaz) (Reply). 1990;163:699-701 

ELISA; see. Enzyme-linked immunosorbent assay 
Embolism, air 

Hyperbaric oxygen therapy for air embolism complicating 
operative hysteroscopy (Tur-Kaspa) (Letter); (Baggish) 
(Reply). 1990; 163:680- 1 

Sapphire probes in obstetric laser surgery (Corson) (Letter); 
(Baggish and Daniell) (Reply). 1990; 163:246-7 


Embolism, amniotic fluid 


Successful treatment of postpartum shock caused by am- 
niotic fluid embolism with cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 

Embryo 

Distribution of CA 125 in embryonic tissues and adult de- 
rivatives of the fetal periderm (Hardardottir et al). 
1990; 163:1925-31 

Embryo migration responsible for ectopic pregnancies 
(Rizk). 1990;163:1369 (Letter) 

Embryopathic effects of. short-term exposure to hypogly- 
cemia in mouse embryos in vitro (Smoak and Sadler). 
1990; 163:619-24 
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Embryo development; sce Fetal development 
Embryo implantation; see Ovum implantation 
Endocrine diseases 
Multiple endocrine adenomatosis type I in pregnancy 
(Smythe et al). 1990;163:1037-9 
Endometrial carcinoma; see Carcinoma 
Endometrioma of liver; see Endometriosis 
Endometriosis 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 
HI procollagen in serum (Puistola et al). 1990; 163:1276- 
81 
Endometrioma of the liver (Rovati et al). 1990;163:1490-2 
Immunohistochemical localization of prostaglandin H syn- 
thase in the female reproductive tract and endometriosis 
(Van Voorhis et al). 1990;163:57-62 
Studies of the spontaneous motility. and the effect 
of histamine on isolated myometrial strips of the non- 
pregnant human uterus: the influence of various 
uterine abnormalities (Martinez-Mir et al). 1990;163: 
189-95 
The use of serial CA 125 concentrations to monitor endo- 
metriosis in infertile women (Pittaway). 1990;163: 
1032-7 
Endometriosis, animal 
Effects of danazol, gonadotropin-releasing hormone ago- 
nist. and a combination of danazol and gonadotropin- 
releasing hormone agonist on experimental cieomieim: 
osis (Sakata et al). 1990;163:1679-84 
Endometrium l 
Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990;163:1932-8 
Endometrial assessment by vaginal ultrasonography before 
endometrial sampling in patients with postmenopausal 
bleeding (Goldstein et al). 1990;163:119-23 
Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990;163:479-84 
Experience with the EndoPap device for the cytologic de- 
tection of uterine cancer and its precursors: a comparison 
of the EndoPap with fractional curettage or hysterectomy 
(LaPolla et al), 1990;163:1055-60 
Immunohistochemical localization of prostaglandin H syn- 
thase in the female reproductive tract and endometriosis 
(Van Voorhis et al). 1990;163:57-62 
Interleukin-18, human leukocyte antigen DRI, and trans- 
forming growth factor-B expression in endometrium, pla- 
centa, and placental membranes (Kauma etal). 
1990; 163:1430-7 
Endopap device; see Uterus 
Endorphins 
Hypothalamic amenorrhea: clinical perspectives, patho- 
physiology, and management (Liu). 1990;163:1732-6 
(Supplement) i 
Neuromodulatory regulation of gonadotropin-releasing 
hormone pulsatile discharge in women (Jaffe et al). 
1990; 163:1727-31 (Supplement) 
Endothelial cells; see Endothelium, vascular 
Endothelium, vascular 
Studies on the mechanism of action of oral contraceptives 
with regard to fibrinolytic variables (Kooistra et al). 
1996; 163:404-13 (Supplement) 
Endothelium, vascular, animal 
Role of the endothelium in adrenergic responses of mes- 
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‘ enteric artery rings of pregnant rats (Parent e: al). 

1990; 163:229-34 
Enterohepatic circulation 

Factors affecting the enterohepatic circulation of oral con- 
traceptive steroids (Orme and Back). 1990;163:2146-52 
(Symposium) 

Enzyme-linked immunosorbent assay 

Comparison of a rapid enzyme-linked immunosorbent assay 
test and the Gram stain for detection of group B strep- 
tococcus in high-risk antepartum patients (Towers et al). 

c`, 1990;163:965-7 

Epidermal growth factor-urogastrone 

_ Evidence of a role for protein kinase C in epidermal growth 
factor—induced prostaglandin Ey synthesis in amnion cells 
(Kniss et al). 1990;163:1883-90 . 

Epidural analgesia; see Analgesia, epidural 

Epithelium 

Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990; 163:479-84 

Epitopes; see Antigenic determinants 
Erythroblastosis, fetal | 

Postinjection kinetics of antepartum Rh immune globulin 

(Witter et al). 1990;163:784-6 
Erythrocytes, immunology 

Acute fetal hemodynamic, alterations after intrauterine 
transfusion for treatment of severe red cell alloimmuni- 
zation (Moise et al). 1990;163:776-84 

Erythromycin 

Cervicovaginal microflora and pregnancy outcome: 
results of a double-blind, placebo-controlled trial of 
erythromycin treatment (McGregor et al). 1990;163: 
1580-91 

Esterases 

In vitro inhibition of esterase activity in amniotic fluid: com- 
parison witn bacterial cultures (Hoskins et al). 
1990; 163:1944-7 

Estradiol . 

Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone. and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990;163:1932-8 

Isolation and characterization of the gene from a human 
genome encoding 17B-estradiol dehydrogenase: a com- 
parison of Jar and BeWo choriocarcinoma cell lines (Long 
et al). 1990;163:1976-81 

The relationship between plasma estradiol and the increase 
in bone density in postmenopausal women after treatment 
with subcutaneous hormone implants (Studd et al). 
1990;163:1474-9 

Short-term effects of smoking on the pharmacokinetic pro- 
files of micranized estradiol in postmenopausal women 
(Cassidenti et al). 1990;163:1953-60 

Estriol 

Maternal serum unconjugated estriol levels are lower in the 
presence of fetal Down syndrome (Haddow et al) (Letter); 
(Macri et al) (Reply). 1990;163:1372-4 

Estrogen antagonists 

The clinical relevance of oral contraceptive pull—induced 
plasma lipid changes: facts and fiction (Hoppe). 
1990; 163:388-91 (Supplement) 

Estrogen receptors, animal, see Receptors, estrogen, animal 
Estrogen replacement therapy 

Effects on bone of surgical menopause and estrogen therapy 
with or without progesterone replacement in cynomolgus 
monkeys (Jayo et al). 1990;163:614-8 
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Prevalence and determinants of estrogen replacement 
therapy in elderly women (Cauley et al). 1990;163: 
1438-44 

The relationship between plasma estradiol and the increase 
in bone density in postmenopausal women after treatment 
with subcutaneous hormone implants (Studd et al). 
1990; 163:1474-9 

Short-term effects of smoking on the pharmacokinetic pro- 
files of micronized estradiol in postmenopausal women 
(Cassidenti et al). 1990;163:1953-60 

Estrogens 

Comparative studies of 30 pg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990; 163:430-7 (Supplement) 

Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990; 163:378-81 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et al). 1990;163:396-403 (Supple- 
ment) 

Effects of oral contraceptives on carbohydrate and lipid me- 
tabolisms in a healthy population: the Telecom Study (Si- 
mon et al). 1990;163:382-7 (Supplement) 

Efficacy and safety considerations in women with uterine 
leiomyomas treated with gonadotropin-releasing hor- 
mone agonists: the estrogen threshold hypothesis ( Fried- 
man et al). 1990;163:1114-9 (Clin. opinion) 

Isolation and characterization of the gene from a human 
genome encoding 17B-estradiol dehydrogenase: a com- 
parison of Jar anc BeWo choriocarcinoma cell lines (Long 
et al). 1990;163:1976-81 

Metabolic changes during treatment with two different pro- 
gestogens (Refn et al). 1990;163:374-7 (Supplement) 

Prodrugs: Advantage or disadvantage? (Hammerstein). 
1990; 163:2198-293 (Symposium) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Htimpel et 
al). 1990; 163:329-33 (Supplement) 

Selected aspects of the pharmacokinetics and metabolism of 
ethinyl estrogens and their clinical implications (Gold- 
zieher). 1990;163:318-22 (Supplement) 

Time-dependent alterations in lipid metabolism during 
treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Ethics 

Anencephalics as organ 
1990; 163:599-€00 

Does obstetric ethics have any role in the obstetrician’s re- 
sponse to the abortion controversy? (Chervenak and 
McCullough). 1990;163:1425-9 (Clin. opinion) 

Drug prophylaxis for human immunodeficiency virus—in- 
fected pregnant women: ethical considerations (Minkoff 
and Moreno). 1990;163:1111-4 (Clin. opinion) 

Ethics and routine ultrasonography in pregnancy (Ewigman 
et al) (Letter); (Chervenak et al) (Reply). 1990;163:256-8 

Ethics of new reproductive technologies (Blaskiewicz) (Let- 
ter); (Macnaughton) (Reply). 1990;163:1376 


donors (Van Assche). 
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Ethinyl estradiol 

Clinical acceptability of monophasic gestodene (Dtisterberg 
and Brill). 1990;163:1398-403 (Supplement) 

Comparative studies of 30 wg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and _ platelets (Daly and Bonnar). 
1990; 163:430-7 (Supplement) 

Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990;163:378-81 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et al). 1990;163:396-403 (Supple- 
ment) 

Effects of oral contraceptives on lipid metabolism (Gevers 
Leuven et al). 1990;163:1410-3 (Supplement) 

Factors affecting the enterohepatic circulation of oral con- 
traceptive steroids (Orme and Back). 1990;163:2146-52 
(Symposium) 

Gastrointestinal metabolism of contraceptive steroids (Back 
et al). 1990;163:2138-45 (Symposium) 

Inhibition of oral contraceptive steroid-metabolizing en- 
zymes by steroids and drugs (Guengerich). 1990;163: 
2159-63 (Symposium) 

Inhibition of ovulation by low-dose monophasic contracep- 
tive containing gestodene (Thomas and Vankrieken). 
1990; 163:1404-9 (Supplement) 

Metabolic changes during treatment with two differ- 
ent progestogens (Refn et al). 1990;163:374-7 (Sup- 
plement) 

Pharmacokinetics and pharmacodynamics of oral contra- 
ceptive steroids: factors influencing steroid metabolism 
(Jung-Hoffmann and Kuhl). 1990;163:2183-97 (Sym- 
posium) l 

Pharmacokinetics of ethinyl estradiol and mestranol (Gold- 
zieher and Brody). 1990;163:2114-9 (Symposium) 

Pharmacokinetics of gestodene and ethinyl estradiol after 
oral administration of a monophasic contraceptive 
(Tauber et al). 1990; 163:1414-20 (Supplement) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Hümpel et 
al). 1990; 163:329-33 (Supplement) 

Selected aspects of the pharmacokinetics and metabolism of 
ethinyl estrogens and their clinical implications (Gold- 
zieher). 1990;163:318-22 (Supplement) 

Time-dependent alterations in lipid metabolism during 
treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Ethinyl estradiol with desogestrel; see Desogestrel/ethinyl 

estradiol l 

Ethinyl estradiol with gestodene; see Gestodene/ ethinyl es- 
tradiol 
Ethnic groups 

Glucose tolerance in pregnancy: ethnic variation and influ- 

ence of body habitus (Green et al). 1990;163:86-92 
Evaluation studies 

The importance of considering clinical usefulness in the 
evaluation of medical laboratory tests (Sever). 
1990; 163:678-9 (Letter) 
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Exercise 
The course.of labor after endurance exercise during preg- 
nancy (Clapp). 1990;163:1799-805 
The effect of physical activity during pregnancy on preterm 
delivery and birth weight (Klebanoff et al). 
1990; 163:1450-6 i 
Fetal umbilical artery Doppler response to graded maternal 
aerobic exercise and subsequent maternal mean arterial 
blood pressure: predictive value for pregnancy-induced 
hypertension (Hume et al). 1990;163:826-9 
Maternal exercise and early pregnancy outcome (Suzuki and 
Miller), 1990;163:1103 (Letter) 
Neonatal morphometrics after endurance exercise during 
pregnancy (Clapp and Capeless). 1990;163:1805-1] 
Extrahepatic biliary tree; sce Biliary tract 
Eye, physiopathology 
Neuroophthalmologic effects of intravenous magnesium 
sulfate (Digre et al). 1990;163:1848-52 
Eye movements 
Fetal eye movement assessed with real-time ultrasonogra- 
phy: Are there rapid and slow eye movements? (Horimoto 
et al). 1990;163:1480-4 


F 


Factor analysis, statistical 

Potential prenatal predictions of Down syndrome: a statis- 

tical analysis (O’Brien et al). 1990;163:1796-8 
Factor VII 

Clinical aspects of the relationship between oral contracep- 
tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kelleher). 
1990; 163:392-5 (Supplement) 

Effects of long-term gestodene-containing oral contracep- 
tive administration on hemostasis (Abbate et al). 
1990; 163:424-9 (Supplement) 

Fallopian tubes 

The complex nature of egg transport through the oviduct 
(Egarter) (Letter); (Pulkkinen and Jaakkola) (Reply). 
1990; 163:687-8 

Necrotizing fasciitis of the total abdominal wall after ster- 
ilization by partial salpingectomy (Cederna et al). 
1990; 163:138-9 

False negative reactions 

False-negative syphilis screening: the prozone phenome- 
non, nonimmune hydrops, and diagnosis of syphilis dur- 
ing pregnancy (Berkowitz et al). 1990;163:975-7 

Family planning 

Contraception and ectopic pregnancy risk (Franks et al). 

1990; 163:1120-3 i i 
Fasciitis 

Necrotizing fasciitis of the total abdominal wall after ster- 
ilization by partial salpingectomy (Cederna et al). 
1990; 163:138-9 

Fatty liver 

Pregnancy-induced hypertension and acute fatty liver of 
pregnancy: atypical presentations (Brown et al). 
1990; 163:1154-6 

Recurrent acute fatty liver of pregnancy (Barton et al). 
1990; 163:534-8 

Femovan, see Gestodene/ethiny] estradiol 
Fertilization 

5-Fluorouracil exposure during the period of con- 
ception: report on two cases (Odom et al). 19903163: 
76-7 


Lymphocyte proliferative response to fertilization antigen 
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in patients with antisperm antibodies (Naz et al). 
1990; 163:610-3 
Fertilization in vitro 

Factors affecting embryo implantation after human in vitro 
fertilization: a hypothesis (Paulson et al). 1990;163:2020- 
3 

Heterotopic pregnancy associated with assisted repro- 
ductive technology (Dimitry et al). 1990;163:244-5 
(Letter) 

How sperm commence movement and their isolation for in 
vitro fertilization and sex selection (Shettles). 
1990; 163:27G (Letter) 

Tubal embryo successfully transferred m utero (Shettles). 
1990; 163:2026-7 (Letter) 

Fertilization in vitro, animal 

In vitro effect of RU 486 on sperm-egg interaction in mice 
(Juneja and Dodson). 1990;163:216-21 

Platelet activating factor enhances in vitro fertilization of 

‘rabbit oocytes (Roudebush et al). 1990;163:1670-3 
Fetal acidemia; see Fetal distress 
Fetal acoustic stimulation; see Acoustic stimulation 
Fetal anoxia 

The association of intrapartum asphyxia in the mature 
fetus with newborn behavior (Low et al). 1990;163: 
1131-5 

Definition of fetal asphyxia (Clark) (Letter); (Johnson and 
Richards) (Reply). 1990;163:1364 

Fetal anoxia, animal 

Hypoxic acidemia, hyperviscosity, and maternal hyperten- 
ston do not affect the umbilical arterial velocity waveform 
in fetal sheep (Morrow et al). 1990; 163:1313-20 

Role of vasopressin in mediation of fetal cardiovascular re- 
sponses to acute hypoxia (Piacquadio et al). 
1990; 163:1294-300 

Fetal blood 

Continuing controversy in alloimmune thrombocytopenia: 
fetal hyperimmunoglobulinemia fails to prevent throm- 
bocytopenia (Nicojini et al). 1990;163:1144-6 

Cordocentesis and immune thrombocytopenia—continued 
(Weiner). 1990;163:1371-2 (Letter) 

Detection of fetal blood contamination by amniotic fluid 
obtained during cordocentesis (Lazebnik et al). 
1990; 163:78-80 

Effects of magnesium and isradipine on contractile activa- 
tion induced by the thromboxane As analog U46619 in 
human uteroplacental arteries in term pregnancy (Skajaa 
et al). 1990;163:1323-33 

Possible therapeutic applications of cordocentesis (Sherer 
and Abramowicz). 1990;163:1366-7 (Letter) 

Relationship of fetal biophysical profile and blood gas values 
at cordocentesis in severely growth-retarded fetuses (Rib- 
bert et al). 1990;163:569-71 

Fetal blood, animal 

Relationship between che ovine fetal umbilical artery blood 
flow waveform and umbilical vascular resistance (Irion 
and Clark). 1990;163:222-9 

Venous and hepatic vascular responses to indomethacin and 
prostaglandin E, in the fetal lamb (Paulick et al). 
1990; 163:1357-63 

Fetal blood transfusion; see Blood transfusion, intrauterine 
Fetal breathing movement; see Fetal monitoring 
Fetal death 

The association of maternal floor infarction of the placenta 
with adverse perinatal outcome (Andres et al). 
1990; 163:935-8 

The effect of race on the relationship between fetal death 
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and altered fetal growth (Ferguson and Myers). 
1990; 163:1222-30 

Induction of labor with mifepristone (RU 486) in intra- 
uterine fetal death (Cabrol et al). 1990;163:540-2 

Postmortem chorionic villus sampling is a better method 
for cytogenetic evaluation of early fetal loss than cul- 
ture of abortus material (Johnson et al). 1990;163: 
1505-10 

Recurrent adverse pregnancy outcome and antiphospholi- 
pid antibodies (Reece et al). 1990;163:162-9 (Curr. dev.) 

Study results vary in count-to-10 method of fetal movement 
screening (Elbourne and Grant) (Letter); (Moore and 
Piacquadio) (Reply). 1990;163:264-5 

Survival in a fetus with sacrococcygeal teratoma and hydrops 
(Nakayama). 1990;163:682 (Letter) 
Fetal death, animal 

Immunoglobulin G fractions from patients with anuphos- 
pholipid antibodies cause fetal death in BALB/c mice: a 
model for autoimmune fetal loss (Branch et al). 
1990; 163:210-6 

Fetal development 

Blood flow velocity and pulsatile diameter changes in the 
fetal descending aorta: a longitudinal study (Stale et al). 
1990; 163:26-9 

Cocaine effects on fetal behavioral state (Tabor and Soffici) 
(Letter); (Hume) (Reply). 1990; 163:1364-5 

The differential neonatal morbidity of the intrauterine 
growth retardation syndrome (Villar et al). 1990;163:151- 
7 

Distribution of CA 125 in embryonic ussues and adult de- 
rivatives of the fetal periderm (Hardardottr et al). 
1990; 163:1925-3] 

Ductus arteriosus flaw velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990; 163:558-66 

Growth of linear parameters in trisomy 18 fetuses (Droste 
et al). 1990;163:158-61 

Insulin-like growth factor II and nonsuppressible insulin- 
like activity levels in newborns (Samaan et al). 
1990; 163:1836-9 

Is indicated or spontaneous preterm delivery more advan- 
tageous for the fetus? (Owen et al). 1990; 163:868-72 

Metabolism of cocaine by human placentas: implications for 
fetal exposure (Roe et al). 1990;163:715-8 

Neonatal morphometrics after endurance exercise during 
pregnancy (Clapp and Capeless). 1990;163:1805-11 

Second-trimester ultrasonography: determinants of visual- 
ization of fetal anatomic structures (Catanzarite and 
Quirk). 1990;163:1191-5 

Study of internal structure of the human fetus in utero by 
echo-planar magnetic resonance imaging (Johnson et al). 
1990; 163:601-7 

Ultrasonographic fetal weight estimation by an integrated 
computer-assisted system: Can each laboratory improve 
its accuracy? (Thompson et al). 1990;163:986-95 - 

Fetal development, animal 

Dose response of thyrotropin-releasing hormone on pul- 
monary maturation in corticosteroid-treated preterm rab- 
bits (Tabor et al). 1990;163:669-76 

Effects of clonidine on breathing movements and electro- 
cortical activity in the fetal lamb (Bamford et al). 
1990; 163:661-8 

Embryopathic effects of short-term exposure to hypogly- 
cemia in mouse embryos in vitro (Smoak and Sadler). 
1990; 163:619-24 

Venous and hepatic vascular responses to indomethacin and 
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prostaglandin E, in the fetal lamb (Paulick et al). 
1990; 163:1357-63 
Fetal diseases 
Antenatal diagnosis of molybdenum cofactor deficiency 
(George et al). 1990;163:]203-4 
Antenatal spontaneous perforation of the extrahepatic bil- 
iary tree (Chilukuri et al). 1990;163:1201-2 
Diagnosis and management of prenatally detected myelo- 
meningocele: a preliminary report (Hogge et al). 
1990; 163:1061-5 
Prenatal diagnosis of fetal intracranial calcifications (Koga 
et al). 1990;163:1543-5 
Second-trimester ultrasonography: determinants of visual- 
ization of fetal anatomic structures (Catanzarite and 
Quirk). 1990;163:1191-5 
Spontaneous resolution of a nuchal fetal cystic hygroma 
diagnosed early in the second trimester of pregnancy 
(Meizner et al) (Letter); (Bronshstein and Blumenfeld) 
(Reply). 1990; 163:267-9 
Survival in a fetus with sacrococcygeal teratoma and hy- 
drops (Nakayama). 1990;163:682 (Letter) 
Ultrasonographic assessment of intestinal damage in fetuses 
with gastroschisis: Is it of clinical value? (Lenke et al). 
1990; 163:995-8 
Fetal distress 
Cerebral palsy and intrapartum fetal acidemia (Goodlin) 
(Letter); (Dennis et al) (Reply). 1990; 163:266-7 
Definition of fetal asphyxia (Clark) (Letter); (Johnson and 
Richards) (Reply). 1990; 163:1364 
Fetal heart rate monitoring during cesarean section 
(Dunn) (Letter); (Petrikovsky et al) (Reply). 1990;163: 
255 
Fetal growth retardation 
The association of maternal floor infarction of the placenta 
with adverse perinatal outcome (Andres et al). 
1990; 163:935-8 
The differential neonatal morbidity of the intrauterine 
growth retardation syndrome (Villar et al). 1990; 163:151- 
if 
. The effect of maternal hyperoxia on behavioral activity in 
growth-retarded human fetuses (Gagnon et al). 
1990; 163:1894-9 l 
Effect of mitral valve prosthetic surgery on the outcome of 
a growth-retarded fetus: a case report (Izquierdo et al). 
1990; 163:584-7 
The effect of race on the relationship between fetal death 
and altered fetal growth (Ferguson and Myers). 
1990; 163:1222-30 
Growth of linear parameters in trisomy 18 fetuses (Droste 
et al). 1990;163:158-61 
Hypoxic acidemia, hyperviscosity, and maternal hyperten- 
sion do not affect the umbilical arterial velocity waveform 
in fetal sheep (Morrow et al). 1990;163:1313-20 
Is intrauterine transfusion associated with diminished fetal 
growth? (Utter et al). 1990;163:1781-4 
Maternal serum a-fetoprotein levels in pregnancies com- 
plicated by diabetes: implications for screening programs 
(Martin et al). 1990;163:1209-16 
Relationship of fetal biophysical profile and blood gas values 
at cordocentesis in severely growth-retarded fetuses (Rib- 
bert et al). 1990;163:569-71 
Fetal heart 
Accuracy of apical four-chamber view as screen for 
congenital heart disease (Stephens). 1990;163:249-50 
(Letter) 
Acute fetal hemodynamic alterations after intrauterine 
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Fetal heart—cont’d 


transfusion for treatment of severe red cell alloimmuni- . 


zation (Moise et.al). 1990;163:776-84 
Variation and correlation in human fetal umbilical Doppler 
velocities with fetal breathing: evidence of the cardiac- 
placental connection (Indik and Reed). 1990; 163:1792-6 
Fetal heart rate; see Heart rate, fetal 
Fetal heart rate deceleration; see Deceleration 
Fetal hypoxia; see Fetal anoxia 
Fetal lung hypoplasia; see Fetal organ maturity 
Fetal macrosomia; sce Macrosomia 
Fetal membranes 
Cases with ruptured membranes that “reseal” (Johnson et 
al). 1990; 163:1024-32 
Immunocytochemical distribution and localization of 15-hy- 
droxyprostaglandin dehydrogenase in human fetal mem- 
branes, decidua, and placenta (Cheung œt al). 
1990; 163:1445-9 
The role of fetal membranes in regulating production, 
transport, and metabolism of prostaglandin E, during la- 
bor (McCoshen et al). 1990; 163:1632-40 
Fetal membranes, premature rupture 
Antibiotic therapy in preterm premature rupture of mem- 
branes: a randomized, prospective, double-blind trial 
(Johnston et al). 1990;163:743-7 
Cases with ruptured membranes that “reseal” (Johnson et 
al). 1990; 163:1024-32 
Cervicovaginal microflora and pregnancy outcome: results 
of a double-blind, placebo-controlled trial of erythro- 
mycin treatment (McGregor et al). 1990;163:1580-91 
Gram stain results from amniocentesis in patients with pre- 
term permature rupture of membranes—comparison of 
maternal and fetal characteristics (Asrat ‘et al). 
1990; 163:887-9 
Normal amniotic pressure in oligohydramnios after pre- 
term rupture of membranes (Johnson and Maxwell) (Let- 
ter); (Nicolini et al) (Reply). 1990; 163:1103-4 
Perinatal survival with expectant management of mid- 
trimester rupture of membranes (Major and Kitzmiller). 
1990; 163:838-44 
Risk factors for preterm premature rupture of fetal mem- 
branes: a multicenter case-control study (Harger et al). 
1990; 163:130-7 
Fetal membranes, prolonged rupture 
Direct ultrasonographic measurement of fetal lung length 
in normal pregnancies and pregnancies complicated by 
prolonged rupture of membranes (Roberts and Mitchell). 
1990; 163:1560-6 
Fetal monitoring 
Acute fetal hemodynamic alterations after intrauterine 
transfusion for treatment of severe red cell alloimmuni- 
zation (Moise et al). 1990;163:776-84 
Cocaine effects on fetal behavioral state (Tabor and Soffici) 
(Letter); (Hume) (Reply). 1990;163:1364-5 
The diagnostic values of concurrent nonstress testing, am- 
niotic fluid measurement, and Doppler velocimetry in 
screening a general high-risk population (Devoe et al). 
1990; 163:1040-8 
Effect of tocolytic agents on fetal umbilical velocimetry 
(Wright et al). 1990; 163:748-50 
Effects of hypertension on pregnancy monitoring and re- 
sults (Lenox et al). 1990;163:1173-9 
Fetal heart rate monitoring during cesarean section (Dunn) 
(Letter); (Petrikovsky et al) (Reply). 1990;163:253 
The intrauterine sound environment of the human fetus 
during labor (Benzaquen et al}. 1990; 163:484-90 
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Relationship of fetal biophysical profile and blood gas values 
at cordocentesis in severely growth-retarded fetuses (Rib- 
bert et al). 1990;163:569-7] 

Two-tier appreach to biophysical assessment of the fetus 
(Mills et al). 1990; 163:12-7 l 

Fetal monitoring, animal 

Effects of clonidine on breathing movements and electro- 
cortical aczivity in the fetal lamb (Bamford et al). 
1990; 163:661-8 

Fetal movement 

Differential sensiuvities of fetal muscle groups to 
d-tubocurarine (Szeto and Hinman). 1990;163: 
202-9 

Effect of maternal-fetal movement on concentration of cells 
obtained at genetic amniocentesis (Carlan et al). 
1990; 163:490-3 

Fetal eye movement assessed with real-time ultrasonogra- 
phy: Are there rapid and slow eye movements? (Horimoto 
et al). 1990;163:1480-4 

Study results vary in count-to-10 method of fetal movement 
screening (Elbourne and Grant) (Letter); (Moore and 
Piacquadio) (Reply). 1990;163:264-5 

Vibroacoustic stimulation and fetal behavioral state in nor- 
mal term human pregnancy (Devoe et al). 1990;163:1156- 
6] 

Fetal organ maturity 

Absence of evidence of pulmonary maturity at amniocen- 
tesis in term infants of diabetic mothers (Ojomo and Cous- 
tan). 1990;163:954-7 

Blood flow velocity and pulsatile diameter changes in the 
fetal descending aorta: a longitudinal study (Stale et al). 
1990; 163:26-9 

` Digoxin-like immunoreactive factor and respiratory distress 
syndrome (Goodlin). 1990;163:1091 (Letter) 

Direct ultrasonographic measurement of fetal lung length 
In normal pregnancies and pregnancies complicated by 
prolonged rupture of membranes (Roberts and Mitchell). 
1990; 163:1550-6 

Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990; 163:558-66 

Is indicated or spontaneous preterm delivery more 
advantageous for the fetus? (Owen et al). 1990;163: 
868-72 

Prevalence and etiology of respiratory distress in infants of 
diabetic mothers: predictive value of fetal lung matura- 
tion tests {Kjos et al). 1990;163:898-903 

Study of internal structure of the human fetus in utero by 
echo-planar magnetic resonance imaging (Johnson et al). 
1990;163:601-7 

Fetal organ maturity, animal 

Dose response of thyrotropin-releasing hormone on pul- 
monary maturation in corticosteroid-treated preterm rab- 
bits (Tabor et al). 1990;163:669-76 

Effects of clonidine on breathing movements and electro- 
cortical activity in the fetal lamb (Bamford et a). 
1990; 163:661-8 

A mechanism leading to reduced lung expansion and lung 
hypoplasia in fetal sheep during oligohydramnios (Hard- 
ing et al). 1990;163:1904-13 

Fetal outcome; see Pregnancy outcome 
Fetal pulmonary hypoplasia; see Fetal organ maturity 
Fetal sex determination; sce Sex determination 
Fetal umbilical velocimetry; see Flowmeters 
Fetal viability 
Does obstetric ethics have any role in the obstetrician’s re- 
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sponse to the abortion controversy? (Chervenak and 
McCullough). 1990;163:1425-9 (Clin. opinion) 


Prognostic indicators of the resolution of nonimmune hy-. 


drops fetalis and survival of the fetus (Carlson et al). 
1990; 163:1785-7 
Fetofetal transfusion 
Discrepancies in hemoglobin levels (Giles et al). 
1990;163:1713 (Letter) 
Twin-to-twin transfusion syndrome (Blickstein) (Letter): 
(Neilson) (Reply). 1930;163:677-8 
Twin transfusion syndrome (Baldwin) (Letter); (Shah and 
Chaffin) (Reply). .19¢0; 163:1376-7 
Twin-twin transfusion syndrome 
1990; 163:1522-6 
Fetomaternal transfusion 
The incidence of ‘significant fetomaternal hemorrhage in 
patients undergoing cesarean section (Feldman et al). 
1990; 163:855-8 
Q- Fetoproteins; See ae feoproteins 
Fibrin 
Enhanced generation and resolution of fibrin in women 
above the age of 20 years using oral contraceptives 
low in estrogen (Gram et al). 1990;163:438-42 (Sup- 
plement) 
Fibrin fibrinogen degradation products 
Enhanced generation and resolution of fibrin in women 


(Urig et al). 


above the age of 20 years using oral contraceptives . 


low in estrogen (Gram et al). 1990;163:438-42 (Sup- 
plement) : 
Fibrinogen 

Clinical aspects of the relationship between oral contracep- 
tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kelleher). 
1990; 163:392-5 Supplement) 

Fibrinolysis 

Comparative studies of 30 pg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990; 163:430-7 (Supplement) 

Disorders of the hemostatic system and the risk of the de- 
velopment of thrombotic and cardiovascular diseases: lim- 
itations of laboratory diagnosis (Kluft). 1990; 163:305-12 
(Supplement) 


Effects of long-term gestodene-conuaning oral contracep- 


tive administration on hemostasis (Abbate et al). 
1990; 163:424-9 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et oe 1990; 163:396-403 (Supple- 
ment) 

Hemostasis profile in women taking low-dose oral 
contraceptives (David et al). 1990;163:420-3 (Sup- 
plement) 

Studies on the mechanism of action of oral contraceptives 
with regard to fibrinolytic variables (Kooistra et al). 
1990;163:404-13 (Supplement) 

Fibrinopeptide A 

Effects of long-term gestodene-containing oral contracep- 
tive administration on hemostasis (Abbate et al). 
1990; 163:424-9 (Supplement) 

Fibroids, uterine; see Uterine neoplasms 
Fingerprinting, DNA; see Nucleotide mapping 
Fingerprints, nucleotide; see Nucleotide mapping 
Fistula, vesicovaginal; se? Vesicovaginal fistula 
Flow cytometry 
Flow cytometric quantitation of tumor-associated antigens 
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in solid tumors an. Dam et al) (Letter); (Nozawa) (Reply). 
1990;163:698-9 
‘Lectins and heparin-binding features of human spermato- 
zoa as analyzed by flow cytometry (Vasquez et al). 
1990; 163:2006-12 
Flowmeters ) 
Assessment of cerebral hemodynamics in pregnant women 
by internal carotid artery pulsed Doppler velocimetry 
(Ikeda and Mori). 1990;163:494-8 
Color flow Doppler—a useful instrument in the diagnosis 
of vasa previa (Harding et al), 1990;163:1566-8 
The diagnostic values of concurrent nonstress testing, am- 
niotic fuid measurement, and Doppler velocimetry in 
screening a general high-risk population (Devoe et al). 
1990; 163:1040-8 
Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990;163:558-66 
The effect of nifedipine therapy on fetal and placental 
Doppler waveforms in preeclampsia remote from term 
. (Moretti et.al). 1990;163:1844-8 
Effect of tocolytic agents on fetal umbilical velocimetry 
(Wright et al). 1990; 163:748-50 
' Fetal Doppler velocimetry in twins (Degani) (Letter); (Divon) 
(Reply). 1990; 163:1100-1], 
Fetal umbilical artery Doppler response to graded maternal 
aerobic exercise and subsequent maternal mean arterial 
_- blood pressure: predictive value for pregnancy-induced 
hypertension (Hume et al). 1990; 163:826-9 
Prenatal diagnosis of a chest wall mass with ultrasonography 
and Doppler velocimetry: a case report (Smith et al). 
1990; 163:567-9 
Variation and correlation in human fetal umbilical Doppler 
velocities with fetal breathing: evidence of the 
cardiac-placental connection (Indik and Reed). 1990; 
163:1792-6 
Fluorouracil . 
5-Fluorouracil exposure during the period of conception: 
report on two cases (Odom et al). 1990; 163:76-7 
Focal migraine; see Migraine | 
Follicle, Graafian; sce Graafian follicle 


` Follicle stimulating hormone; see FSH 


Forceps, obstetrical; see Obstetrical forceps 
Foreign bodies 
A vesicovaginal fistula and intravesical foreign body: a rare 
case: of the neglected pessary (Goldstein et al). 
.. 1990; 163:589-9] 


; FSH 


The luteinizing hormone— —releasing hormone pulse gen- 
erator tn men: abnormalities and clinical management 
(Matsumoto et al). 1990;163:1743-51 (Supplement) 

Relationship between plasma calcium fractions, other bone- 
related variables, and-serum follicle-stimulating hormone 
levels in premenopausal, perimenopausal, and post- 
menopausal women (Nordin et al). 1990; 163:140-5 

5-FU; seé Fluorouracil 


G 


_ Gastrointestinal diseases 


Gastrointestinal disease and oral contraception (Hanker). 
1990; 163:2204-7 (Symposium) 


‘Gastroschisis; see Abdominal wall 


Gastrula 
_Embryopathic effects of short-term exposure to hypogly- 
cemia in mouse embryos in vitro (Smoak and Sadler). 
1990; 163:619-24 
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Genetic screening 
Appropriate screening tests (Nagey) (Letter); (Chervenak 
et al) (Reply). 1990;163:688-9 
Genetics 
Sharing of human leukocyte antigens in primary and sec- 


ondary recurrent spontaneous abortions (Ho et al), 


1990; 163:178-88 
Genital neoplasms, female 

The Maylard incision in gynecologic cancer (Helmkamp and 

Krebs). 1990;163:1554-7 
Genome, human T 

Isolation and characterization of the gene from a human 
genome encoding l7B-estradio] dehydrogenase: a com- 
parison of Jar and BeWo choriocarcinoma cell lines (Long 
et al). 1990;163:1976-81 

Gestagens; see Sex hormones 
Gestational age 

Reliability of ultrasonographic formulary in the prediction 
of fetal weight and survival of very-low-birth-weight in- 
fants (Mills et al). 1990;163:1568-74 . 

Ultrasonographic dating of very early pregnancy (Cadkin 
and McAlpin-Cadkin). 19$0;163:1103 (Letter) : 

Ultrasonographic fetal weight, estimation by an integrated 
computer-assisted system: Can each laboratory improve 
its accuracy? (Thompson et al). 1990; 163:986-95 

Gestational diabetes; see Pregnancy in diabetes 
Gestodene 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Clinical acceptability of monophasic gestodene (Diisterberg 
and Brill). 1990;163:1398-403 (Supplement) 

Inhibition of oral contraceptive steroid-metabolizing en- 
zymes by steroids and drugs (Guengerich). 1990;163: 
2159-63 (Symposium) 

Inhibition of ovulation by low-dose monophasic contracep- 
tive containing gestodene (Thomas and Vankrieken). 
1990; 163:1404-9 (Supplement) 

Pharmacokinetics and pharmacodynamics of oral contra- 
ceptive steroids: factors influencing steroid metabolism 
(Jung-Hoffmann and Kuhl). 1990;163:2183-97 (Sym- 
posium) 7 

Pharmacokinetics of gestodene and ethinyl estradiol after 
oral administration of a monophasic contraceptive 
(Tauber et al). 1990;163:1414-20 (Supplement) 

Pharmacokinetics of the contraceptive steroids levonorges- 
trel and gestodene after single and multiple-oral admin- 
istration to women (Kuhnz). 1990;163:2120-7 (Sym- 
posium) 

Gestodene/ethiny! estradiol 

Comparative studies of 30 wg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990; 163:430-7 (Supplement) 

Effects of long-term gestodene-containing oral contracep- 
tive administration on hemostasis (Abbate et al). 
1990;163:424-9 (Supplement) 

Effects of newer oral contraceptives on the inhibition of 
coagulation and fibrinolysis in relation to dosage and type 
of steroid (Jespersen et al). 1990;163:396-403 (Supple- 
ment) 

Estrogenic effect of gestodene- or desogestrel-containing 
oral contraceptives on lipoprotein metabolism (Gevers 
Leuven et al). 1990;163:358-62 (Supplement) 

Metabolic changes during treatment with two different pro- 
gestogens (Refn et al). 1990;163:374-7 (Supplement) 
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Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels m 

/ women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl! estradiol 
bioequivalence from both oral contraceptives (Hümpel et 
al). 1990;163:329-33 (Supplement) 

Time-dependent alterations in lipid metabolism during 
treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Gittes procedure; sce Suspensions 
Glucose 

Amniouc fluid glucose concentration: a rapid and simple 
method for the detection of intraamniotic infection in 
preterm labor (Romero-et al). 1990;163:968-74 

Mechanism of action of oral contraceptives on carbohydrate 
metabolism at the ‘cellular level (Skouby et al). 
1990; 163:343-8 (Supplement) 

Response of placental vasculature to high glucose levels in 
the isolated human placental cotyledon (Roth et al). 
1990; 163:1828-30 


: Glucose tolerance test 


Does fasting interval affect the glucose challenge test? (Ber- 
kus et al). 1990;163:1812-7 

Effect of low-dose oral contraceptives on carbohydrate and 
lipid metabolism in women with recent gestational dia- 
betes: results of a controlled, randomized, prospective 
study (Kjos et al). 1990;163:1822-7 

Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990;163:378-81 (Supplement) 

Gestational diabetes mellitus: the prevalence of glucose in- 
tolerance and diabetes mellitus in the first two months 
post partum (Kjos et al). 1990;163:93-8 

Glucose tolerance in pregnancy: ethnic variation and 
influence of body habitus (Green et al). 1990;163:86- 
92 

Impairment of glucose tolerance: mechanism of action and 
impact on the cardiovascular system (Beck-Nielsen et al). 
1990; 163:292-5 (Supplement) 

Low-dose oral contraceptives and carbohydrate metabolism 
(Godsland et al). 1999; 163:348-53 (Supplement) 

Relationships between glucose levels and insulin secretion 
during a glucose challenge test (Berkus et al). 
1990; 163:1818-21 

Glycoprotein hormones, alpha subunit 

` Stability of human chorionic gonadotropin and its a-subunit 
(Rao et al). 1990;163:1098-9 (Letter) 

Glycoproteins 

Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990; 163:479-84 

Expression of P-glycoprotein in epithelial ovarian cancer: 
evaluation as a marker of multidrug resistance (Rubin et 
al). 1990; 163:69-73 

Glycosylation 

Comparisons of glycosylated and nonglycosylated amniouc 
fluid prolactins in normal second- and _ third-trimester 
pregnancies (McCoshen et al). 1990;163:81-5 

GnRH; see Pituitary hormone releasing hormones 
Gonadal dysgenesis 

Correlation of the testicular determinant factor sequence 

zinc finger Y with varying gonadal phenotypes in a series 
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of 13 subjects with gonadal dysgenesis because of Y an- 

euploidy (Tho et al). 1990; 163:1968-75 

` Gonadotropin releasing hormone agonists; sce Pituitary hor- 

mone release inhibiting hormones 

` Gonadotropin releasing hormones; see Pituitary hormone re- 

leasing hormones 

Gonadotropins, chorionic 

‘Corpus luteum function in early pregnancies is primarily 
determined by the rate of change of human chorionic 
gonadotropin ‘levels (Kratzer and Taylor). 
1990; 163:1497-502 

` Maternal serum Down syndrome screening: free B-protein 
is a more effective marker than human chorionic gonad- 
_otropin (Macri et al). 1990;163:1248-53 

Measures of test performance and predictive valués (Kadar) 
(Letter); (Schiff et al) (Reply). 1990;163:1374-5 — 

Use of serial human chorionic gonadotropin measurements 
to differentiate between intrauterine and ectopic preg- 
nancies (Kadar) (Letter); (Lindblom et al) (Reply). 
1990; 163:259-61 

Graafian follicle - 

Oxytocin and vasopressin binding sites in human and bovine 

ovaries (Fuchs et al). 1990;163:1961-7 
Gram stain; see Stains and staining 
Granulosa cell tumor 

Large cystic granulosa cell tumor: case report (Choi and 

Pritchard). 1990;163:74-6 
Granulosa cell tumor, antmal 

Ovarian granulosa cell tumorigenesis in SWR-derived F1 
hybrid mice:. preneoplastic follicular abnormality and ma- 
lignant disease’ progression (Tennent et al) 
1990; 163:625-34 

Group B streptococcus; see Streptococcus agalactiae 

Growth factors; see Growth substances 

Growth retardation, intrauterine; see Fetal growth retarda- 
tion ; . 

Growth substances 

Growth factor activity in the blood of women in whom pre- 
eclampsia develops is elevated from early pregnancy (Tay- 
lor et al). 1990; 163:1839-44 

Preferential mitogenic activity for myoblast-like cells can be 

. extracted from uterine leiomyoma tissues (Koutsilieris et 
al). 1990;163:1665-70 

Gynecologic procedures; see Surgery, operative 


H 


Habitual abortion; see Abortion, habitual 
HBsAg; see Hepatitis B surface antigens 
Heart defects, congenital 
Accuracy of apical four-chamber view as screen for 
congenital heart disease (Stephens). 1990;163:249-50 
(Letter) l 
. Heart failure, congestive ; 
In utero detection of cardiac failure from an aneurysm of 
the vein of Galen (Jeanty et al). 1990;163:50- L 
Heart rate, fetal 
Effects of hypertension on pregnancy monitoring and re- 
sults (Lenox et al). 1990;163:1173-9 
Effects of intravascular fetal blood transfusion on fetal in- 
tracardiac Doppler velocity wavetormi (Rizzo et al). 
1990;163:1231-8 
Fetal heart rate monitoring during cesarean section (Dunn) 
(Letter); (Petrikovsky et al) (Reply). 1990; 163:253 
Graphic mnemonic for variable, decelerations (Chao). 
1990;163:1098 (Letter) 
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Sinusoidal fetal heart rate pattern during cardiopulmonary 
- bypass (Burke etal). 1990; 163:17-8 
Sources of variability in umbilical artery systolic/dtastolic 
ratios: implications of Poiseuille Se (Wright and 
Ridgway). 1990;163:1788-91 
Vibroacoustic stimulation and fetal behavioral state in nor- 
mal term human pregnancy (Devoe et al). 1990; 163:1156- 
6] 
Heart rate, fetal, animal 
Role of vasopressin in mediation of fetal cardiovascular re- 
sponses to acute hypoxia (Piacquadio et al). 
1990; 163: 1294-300 
Heart septum 
Human fetal foramen ovale flow velocity waveforms relative 
to behavioral states in normal term pregnancy (van pii 
et al). 1990;163:1239-42 
Heart transplantation 
‘Postpartum coronary artery dissection followed by heart 
transplantation (Curiel et al). 1990;163:538-9 
Heart valve prosthesis 
Effect of mitral valve prosthetic surgery on the outcome of 
a growth-retarded fetus: a case report (Izquierdo et al). 
-1990;163:584-7 
Heart ventricle; animal 
Nifedipine enhances the cardiac toxicity of magnesium sul- 
fate in thé isolated perfused Sprague-Dawley. rat heart 
(Thorp et al). 1990;163:655-6 ` 
HELLP syndrome; see Pregnancy complications, hemato- 
logic . 
Hemangioma 
Prenatal diagnosis of a chest wall mass with ultrasonography 
and Doppler velocimetry: a case report (Smith et al). 
1990;163:567-9 
Spontaneous infarction of placental chorioangioma and as- 
sociated, regression of. hydrops fetalis (Chazotte et al). 
1990; 163:1180-1 
Hemodynamics 
Acute fetal hemodynamic alterations after intrauterine 
transfusion. for treatment of severe red cell alloimmuni- 
zation (Moise et al). 1990;163:776-84 . 
Assessment of cerebral hemodynamics in pregnant women’ 
by internal carotid artery pulsed Doppler velocimetry 
(Ikeda and Mori). 1990;163:494-8 
Maternal and -uteroplacental hemodynamic effects of 
chronic captopril in the hypertensive, term-pregnant rat 
(Mabie et al). 1990;163:1861-7 . 


. Hemoglobin A, glycosylated . 


Maternal serum a-fetoprotein levels in pregnancies com- 
plicated by diabetes: implications for screening programs 
(Martin et al). 1990;163:1209-16 

Hemoglobins j | 

Discrepancies in hemoglobin levels (Giles et al). 

1990;163:1713 (Letter) 


"Hemolytic disease of newborn; see Erythroblastosis, fetal 


Hemoperitoneum 
Hemoperitoneum as a result of coital injury without 
associated vaginal injury (McColgin et al). 1990;163: 
1503-5 
Hemorrhage 
A comment on thumbtacks for hemorrhage control (Mann) 
(Letter); (Patsner) (Reply). 1990; 163:1092-3 
Hyperadrenergic orthostatic intolerance as a result of 
postpartum blood loss (Mader et al). 1990;163: 
1578-9 : 
A reappraisal of the need for autologous blood donation in 
the obstetric patient (Andres et al). 1990;163:1551-3 
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Hemostasis 
Clinical aspects of the relationship between oral contracep- 
tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kelleher). 
1990; 163:392-5 (Supplement) 
A comment on thumbtacks for hemorrhage control (Mann) 
(Letter); (Patsner) (Reply). 1990; 163:1092-3 
Hemostasis profile in women taking low-dose oral contra- 
ceptives (David et al). 1990:163:420-3 (Supplement) 
Interrelations between carbohydrates, lipids, and the he- 
mostatic system in relation to the risk of thrombotic and 
cardiovascular disease (Juhan-Vague and Vague). 
1990; 163:313-5 (Supplement) 
Oral contraceptives in risk groups: Exclusion or monitor- 
ing? (Guillebaud). 1990;162:443-6 (Supplement) 
Hemostatic system disorders; see Blood coagulation disor- 
ders . 
Heparin 
Lectins and heparin-binding features of human spermato- 
zoa as analyzed by flow cytometry (Vasquez et al). 
1990; 163:2006-12 
Hepatitis B 
Intrapartum hepatitis B screening in a low-risk population 
(Ernest et al). 1990;163:978-86 
Hepatitis B surface antigens 
HBcAg identification in the placental cytotypes of symptom- 
free HBsAg-carrier mothers: a study with the immuno- 
peroxidase method (Lucifora et al). 1990;163:235-9 
Intrapartum hepatitis B screening in a low-risk population 
= (Ernest et al). 1990;163:978-86 
Hepatocytes; see Liver 
Hepatolenticular degeneration 
Pregnancy in a patient with treated Wilson’s disease: a case 
report (Dupont et al). 1990;163:1527-8 
Hernia, umbilical 
The associated anomalies that determine prognosis in 
congenital omphaloceles (Tucci and Bard). 1990;163: 
1646-9 
Fetal gastroschisis and omphalocele: Is cesarean section 
the best mode of delivery? (Lewis et al). 1990;163: 
773-5 
Heterotopic pregnancy; see Pregnancy, ectopic 
Hippel-Lindau disease 
Papillary cystadenoma of the broad ligament in von Hippel- 
Lindau disease (Korn et al). 1990;163:596-8 
Hirsutism 
Evidence of heterogeneous mechanisms in lipoprotein lipid 
alterations in hyperandrogenic women (Wild et al). 
1990; 163: 1998-2005 
Histamine 
Studies of the spontaneous motility and the effect of his- 
tamine on isolated myometrial strips of the nonpregnant 
human uterus: the influence of various uterine abnor- 
malities (Martinez-Mir et al). 1990;163:189-95 
HIV 
Pregnancy outcomes among mothers infected with human 
immunodeficiency virus and uninfected contro! subjects 
(Minkoff et al). 1990;163:1598-604 
The relationship of cocaine use to syphilis and human im- 
munodeficiency virus infections among inner city partu- 
rient women (Minkoff et al). 1990;163:521-6 
Risk factors associated with the increasing prevalence of 
pneumonia during pregnancy (Berkowitz and LaSala). 
1990:163:981-5 
Vulvar ulcer of unknown etiology in a human immunode- 
ficiency virus—infected woman: response to treatment 
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with zidovudine (Covino and McCormack). 
1990;163:115-8 
HIV infections 

Drug prophylaxis for human immunodeficiency virus—in- 
fected pregnant women: ethical considerations (Minkoff 
and Moreno}. 1990;163:1111-4 (Clin. opinion) 

Sexually transmitted diseases and human immunodefi- 
ciency virus infection among women with pelvic 
inflammatory disease (Hoegsberg et al). 1990;163: 
1135-9 

HLA antigens 

Sharing of human leukocyte antigens in primary and sec- 
ondary recurrent spontaneous abortions (Ho et al). 
1990; 163:178-88 

HLA-DR] antigen 

Interleukin-18, human leukocyte antigen DR], and trans- 
forming growth factor-8 expression in endometrium, pla- 
centa, and placental membranes (Kauma et al). 
1990; 163:1450-7 

Hormone—binding globulin 

Serum pharmacokinetics of orally administered desoges- 
trel and binding of contraceptive progestogens to sex 
hormone—Ddinding globulin (Bergink et al). 1990;163: 
2132-7 (Symposium) 

Human chorionic gonadotropin; see Gonadotropins, chori- 
onic 

Human chorionic gonadotropin, alpha subunit; see Glyco- 
protein hormones, alpha subunit 

Human immunodeficiency virus; see HIV 

Human leukocyte antigen; see HLA antigens 

Human leukocyte antigen DRI; see HLA-DR1I antigen 

Hybridization 

Preembryo biopsy and analysis of blastomeres by in situ 
hybridization (Grifo et al). 1990;163:2013-9 

The use of in situ hybridization to show human papillo- 
mavirus deoxyribonucleic acid in metastatic cancer cells 
within lymph nodes (Lewandowski et al). 1990; 163:1333- 
7 


Hydatidiform mole 
Differential diagnosis between complete mole and hydropic 
`~ abortus by deoxyribonucleic acid fingerprints (Nobunaga 
et al). 1990:163:634-8 
Discrepancy in the diagnoses of hydatidiform mole by mac- 
roscopic and microscopic findings and the deoxyribonu- 
cleic acid fingerprint method (Takahashi et al). 
1990; 163;112-3 
Hydramnios 
Indomethacin treatment for polyhydramnios and subse- 
quent infantile nephrogenic diabetes insipidus (Smith et 
al). 1990; 163:98-9 
Observations on the cause of oligohydramnios in prolonged 
pregnancy (Trimmer et al). 1990;163:1900-3 
The stuck twin phenomenon: Ultrasonographic findings, 
pregnancy outcome, and management with serial 
amniocenteses (Mahony et al). 1990;163:1513- 
22 
Superiority of the four-quadrant sum over the single-deep- 
est-pocket technique in ultrasonographic identification of 
abnormal amniotic fluid volumes (Moore). 1990; 163:762- 
7 
Twin-twin transfusion syndrome (Urig et al). 1990;163: 
1522-6 
Hydramnios, animal 
A mechanism leading to reduced lung expansion and lung 
hypoplasia in fetal sheep during oligohydramnios (Hard- 
ing et al). 1990;163:1904-13 
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Hydrocortisone 


Protein binding of active ingredients and comparison of ` 


serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethiny] estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Htimpel et 
al). 1990;163:329-33 (Supplement) 
Hydrogen-ion concentration 
Comparison of umbilical artery pH and 5-minute Apgar 
score in the low-birth-weight and very-low-birth-weight 
infant (Stark et al). 1990;163:818-23 
Hydropic abortus; see Hydrops fetalis 
Hydrops, nonimmune; see Edema 
Hydrops fetalis 
Differential diagnosis between complete mole and hydropic 
abortus by deoxyribonucleic acid fingerprints (Nobunaga 
et al}. 1990; 163:634-8 
Management and outcomes of pregnancies complicated by 
human B19 parvovirus infection: a prospective study 
(Rodis et al). 1990;163:1168-71 
Niemann-Pick disease associated with nonimmune hydrops 
fetalis (Meizner et al). 1990;163:128-9 
Placental transfer of cefazolin and piperacillin in pregnancies 
remote from term complicated by Rh isoimmunization 
(Brown et al). 1990;163:938-43 
Prenatal diagnosis of laryngeal atresia (Watson et al). 
1990; 163:1456-7 
Prognostic indicators of the resolution of nonimmune hy- 
drops fetalis and survival of the fetus (Carlson et al). 
1990; 163:1785-7 
Spontaneous infarction of placental chorioangioma and as- 
sociated regression of hydrops fetalis (Chazotte et al). 
1990; 163:1180-1 
Survival in a fetus with sacrococcygeal teratoma and hy- 
drops (Nakayama). 1990;163:682 (Letter) 
Hydroxyprostaglandin dehydrogenases 
Immunocytochemical distribution and localization of 15-hy- 
droxyprostaglandin dehydrogenase in human fetal mem- 
branes, decidua, and placenta (Cheung et al). 
1990; 163:1445-9 
Hygroma, cystic; see Lymphangioma 
Hygroscopic cervical dilators; see Surgical instruments 
Hyperandrogenism; see Hirsutism 
Hyperbaric oxygenation 
Hyperbaric oxygen therapy for air embolism complicating 
operative hysteroscepy (Tur-Kaspa) (Letter); (Baggish) 
(Reply). 1990; 163:680-1 
Hyperimmunoglobulinemia; sce Immunoglobulins 
Hyperkalemia 
Hyperkalemia secondary to irradiation of packed red blood 
cells: possible effects with intravascular fetal transfusion 
(Thorp et al). 1990;163:607-9 
Hypertension 
Epidemiology of preeclampsia and eclampsia in the 
United States, 1979-1986 (Saftlas et al). 1990;163: 
460-5 l 
Fetal and maternal response to intravenous infusion of a 
thromboxane synthetase inhibitor (Cardin et al). 
1990;163:1345-9 
Fetal umbilical artery Doppler response to graded maternal 
aerobic exercise and subsequent maternal mean arterial 
blood pressure: predictive value for pregnancy-induced 
hypertension (Hume et al). 1990;163:826-9 
Intracellular sodium levels in pregnant women with hyper- 
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tension (Goodlin) (Letter); (Sowers and Zemel) (Reply). 
1990;163:261-2 

Laboratory identification of the lupus anticoagulant in nor- 
mal pregnancy and pregnancy-induced hypertension 
(Riveros et al) (Letter); (Lockwood) (Reply). 
1990; 163:704-5 

Longitudinal study of the renin-angiotensin-aldosterone 
system im hypertensive pregnant women: deviations re- 
lated to the development of superimposed preeclampsia 
(August et al). 1990; 163:1612-21 

National High Blood Pressure Education Program Working 
Group report on high blood pressure in pregnancy. 
1990; 163:1691-712 (Supplement) 

National High Blood Pressure Education Program Working 
Group report on high blood pressure in pregnancy: 
foreword (Lenfant et al). 1990;163:1689-90 (Sup- 
plement) . 

The natural history of thrombocytopenia associated with 
preeclampsia (Katz et al). 1990;163:1142-3 

Oral contraception in disease states (Breckwoldt et al). 
1990; 163:2213-6 (Sympostum) 

Hypertension, animal 

Hypoxic acidemia, hyperviscosity, and maternal hyperten- 
sion do not affect the umbilical arterial velocity waveform 
in fetal sheep (Morrow et al). 1990;163:1313-20 

Maternal and uteroplacental hemodynamic effects of 
chronic captopril in the hypertensive, term-pregnant rat 
(Mabie et al). 1990;163:1861-7 

Hyperviscosity, animal; see Blood viscosity, animal 

Hypoglycemia, animal 

| Embryopathic effects of short-term exposure to hypogly- 
cemia in mouse embryos in vitro (Smoak and Sadler). 
1990; 163:619-24 

Hypogonadism 

Gonadotropin-releasing hormone deficiency in men: diag- 
nosis and treatment with exogenous gonadotropin-re- 


leasing hormone (Crowley and Whitcomb). 
1990; 163:1752-8 (Supplement) 
Hypotension 


Effect of uterine contractility and maternal hypotension on 
prolonged decelerations after bupivacaine epidural an- 
esthesia (Steiger and Nageotte). 1990;163:808-12 

Hypotension, animal 

Magnesium sulfate and promethazine do not interact to 
cause hypotension in gravid ewes (Pollack et al). 
1990; 163:787-94 

Hypotension, orthostatic 

Hyperadrenergic orthostatic intolerance as a result of post- 

partum blood loss (Mader et al). 1990; 163:1578-9 
Hypothalamus 

Parameters of hypothalamic aging (Seifer and Jones) {Let- 

ter); (Alexander and Aksel) (Reply). 1990;163:1715 
Hypothyroidism 

Early hypothyroidism in patients with menorrhagia (Blesing 
and Hambley) (Letter); (Wilansky and Greisman) (Reply). 
1990; 163:697 

Screening infertile women for subclinical hypothyroidism 
(Strickland et al) (Letter); (Wilansky and Greisman) (Re- 
ply). 1990; 163:262-3 

Hypoxia; see Anoxia 
Hypoxia, fetal; see Fetal anoxia 
Hyskon, adverse effects 

Explanation of mechanism of Hyskon solution reaction 

needed (Loffer). 1990;163:2029 (Letter) 
Hysterectomy 
Bacterial vaginosis and trichomoniasis vaginitis are risk fac- 
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Hysterectomy—cont’d 
tors for cuff cellulitis after abdominal hysterectomy (So- 
per et al). 1990;163:1016-23 
Experience with the EndoPap device for the cytologic de- 
tection of uterine cancer and its precursors: a comparison 


of the EndoPap with fractional curettage or hysterectomy 


(LaPolla et al). 1990;163:1055-60 
The impact of a quality assurance process on the frequency 
and confirmation rate of hysterectomy (Gambone et al). 
1990; 163:545-50 
Hysteroscopy 
Hyperbaric oxygen therapy for air embolism complicating 
operative hysteroscopy (Tur-Kaspa) (Letter); (Baggish) 
(Reply). 1990; 163:680-1 
Safety of 32% dextran 70 for hysteroscopy (Ljungstrém) 
(Letter); (Jedeikin and Olsfanger) (Reply). 
1990; 163:2029-30 | 
Hysteroscopy, animal 
A rabbit model for bacteria-induced preterm pregnancy loss 
(Dombroski et al). 1990; 163:1938-43 


I 


Idiopathic hypogonadotropic hypogonadism; see Hypogo- 
nadism 
Idiopathic thrombocytopenia purpura; see Purpura, throm- 
bocytopenic ) 
IgG 
Immunoglobulin G fractions from patients with antiphos- 
pholipid antibodies cause fetal death in BALB/c mice: a 
model for autoimmune fetal loss (Branch et al). 
1990; 163:210-6 
Immune globulin; see Immunization, passive 
Immune sera 
A case of Rh isoimmunization: Should threatened first- 
trimester abortion be an indication for Rh immune glob- 
ulin prophylaxis? (Dayton et al). 1990;163:63-4 
Immunity, cellular 
Lymphocyte proliferative response to fertilization antigen 
in patients with antisperm antibodies (Naz et al). 
1990; 163:610-3 
Immunization, passive 
A case of Rh isoimmunization: Should threatened first- 
trimester abortion be an indication for Rh immune glob- 
ulin prophylaxis? (Dayton et al). 1990; 163:63-4 
Postinjection kinetics of antepartum Rh immune globulin 
(Witter et al). 1990;163:784-6 
Immunoassay 
A comparison of sperm antibody assays (Daru and Mathur). 
1990; 163:1622-9 
Immunocontraception; see Contraception, immunologic 
Immunocyte chemistry; see Immunohistochemistry 
Immunoenzyme techniques 


Comparison of a rapid enzyme-linked immunosorbent assay ` 


test and the Gram stain for detection of group B strep- 


tococcus in high-risk antepartum patients (Towers et al). - 


1990; 163:965-7 
HBcAg identification in the placental cytotypes of symptom- 
free HBsAg-carrier mothers: a study with the immuno- 
peroxidase method (Lucifora et al). 1990;163:235-9 
Immunoglobulin G; see IgG 
Immunoglobulins 
Continuing controversy in alloimmune thrombocytopenia: 
fetal hyperimmunoglobulinemia. fails to prevent throm- 
bocytopenia (Nicolini et al). 1990;163:1144-6 
Immunohistochemistry 
Immunocytochemical distribution and localization of 15-hy- 
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droxyprostaglandin dehydrogenase in human fetal mem- 
branes, decidua, and placenta (Cheung et al) 
1990; 163:1445-9 
Uterine artery estrogen receptors in the nonpregnant 
and pregnant guinea pig (Leiberman et al). 1990;163: 
' 1685-8 
Immunoperoxidase methods; see Inmunoenzyme techniques 
Immunosuppression 
Soluble factors produced by isolated first-trimester chori- 
onic villi directly inhibit proliferation of T cells (Silver et 
al). 1990;163:1914-9 . . 
Impedance cardiography. see Cardiography, impedance 
in situ hybridization; see Hybridization 
In vitro fertilization; sec Fertilization in vitro 
Incisions; see Surgery, operative 
Incontinence, urinary, stress; see Urinary incontinence, 
stress 
Indomethacin 
Indomethacin treatment for polyhydramnios and subse- 
quent infantile nephrogenic diabetes insipidus (Smith et 
al). 1990;163:98-9 
Venous and hepatic vascular responses to indomethacin and 
prostaglandin E, in the fetal lamb (Paulick et al). 
1990; 163:1357-63 
Induced labor; sze Labor, induced 
Infant, low birth weight 
Comparison of umbilical artery pH and 5-minute Apgar 
score in the low-birth-weight and very-low-birth-weight 
infant (Stark et al). 1990;163:818-23 
The effect of physical activity during pregnancy on preterm 
delivery and birth weight (Klebanoff et al). 
1990; 163:1450-6 
Mortality rates ignore population segment (Harkavy) (Let- 
ter); (Resnick and Ariet) (Reply). 1990; 163:269-70 
The perinatal impact of cocaine, amphetamine, and opiate 
use detected by universal intrapartum screening (Gillo- 
gley et al). 1990;163:1535-42 
Prognosis for twins with birth weight <1500 gm: the impact 
of cesarean section in relation to fetal presentation (Ry- 
dhstrém). 1990; 163:528-33 
Reliability of ultrasonographic formulary in the prediction 
of fetal weight and survival of very-low-birth-weight in- 
fants (Mills et al). 1990;163:1568-74 
Survival and outcome of infants weighing <800 grams at 
birth (Lipper et al). 1990;163:146-50 
Infant, newborn 
The associatior: of intrapartum asphyxia in the mature fetus 
with newborn behavior (Low et al). 1990;163:1131-5 
Correlations between antepartum maternal metabolism and 
newborn kehavior (Rizzo et al). 1990;163:1458-64 
Insulin-like growth factor II and nonsuppressible insulin- 
like activity ‘levels in newborns (Samaan et al). 
1990; 163:1836-9 | 
Infant, newborn, diseases 
Comparison of a rapid enzyme-linked immunosorbent assay 
test and the Gram stain for detection of group B strep- 
tococcus in high-risk antepartum patients (Towers et al). 
1990; 163:965-7 
Cost-effectiveness of intrapartum screening and treatment 
for maternal group B streptococci colonization (Strick- 
land et al). 1990;163:4-8 (Clin. opinion) 
The differential neonatal morbidity of the intrauterine 
growth retardation syndrome (Villar et al). 1990;163:151- 
7 
Digoxin-like immunoreactive factor and respiratory distress 
syndrome (Goodlin). 1990;163:1091 (Letter) 
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In utero detection of cardiac failure from an aneurysm of 
the vein of Galen (Jeanty et al). 1990;163:50-] 
Indomethacin treatment for polyhydramnios and subse- 
quent infantile REDAFOB TINE diabetes insipidus (Smith et 
al). 1990; 163:98-9 
Infant, premature 
Amniotic fluid glucose concentration: a rapid and simple 
method for the detection of intraamniotic infection in 
preterm labor (Romero et al). 1990;163:968-74 
Antenatal microbiologic and maternal risk factors asso- 
ciated with prematurity (McGregor et al). 1990;163: 
1465-73 
Calcium supplementation during pregnancy may reduce 
preterm delivery in high-risk populations (Villar and 
Repke). 1990;163:1124-31 
Cervicovaginal microflora and pregnancy outcome: results 
of a double-blind, placebo-controlled trial of erythro- 
mycin treatment (McGregor et al). 1990;163:1580-91 
Evaluation of a risk scoring system as a predictor of preterm 
birth in an indigent population (Owen et al). 
1990; 163:873-9 
Reliability of ultrasonographic formulary in the prediction 
of fetal weight and survival of very-low-birth-weight in- 
fants (Mills et al). 1990;163:1568-74 
Risk factors for preterm premature rupture of fetal mem- 
branes: a multicenter case-control study (Harger et al). 
1990; 163:130-7 
Infant behavior; see Behavior, infant 
Infant mortality 
A chill wind blows: Webster, obstetrics, and the health of 
women (Chavkin and Rosenfield). 1990;163:450-2 (Clin. 
opinion) 
Mortality rates ignore population segment (Harkavy) (Let- 
ter); (Resnick and Artet) (Reply). 1990;163:269-70 
Perinatal mortality in Victoria, Australia: role of group B 
streptococcus (Fliegner and Garland). 1990;163:1609-11 
Preeclampsia in diabetic pregnancies (Garner et al). 
1990; 163:505-8 
Prognosis for twins with birth weight <1500 gm: the impact 
of cesarean section in relation to fetal presentation (Ry- 
dhstrém). 1990; 163:528-33 
Survival rates of monoamniotic twins do not decrease after 
30 weeks’ gestation (Carr et al). 1990;163:719-22 
Infarction 
The association of maternal floor infarction of the placenta 
with adverse perinatal outcome (Andres et al). 
1990; 163:935-8 
Infection 
Gram stain results from amniocentesis in patients with pre- 
term permature rupture of membranes—comparison of 
maternal and feta. characteristics (Asrat et al). 
1990; 163:887-9 
HBcAg identification in the placental cytotypes of symptom- 
free HBsAg-carrier mothers: a study with the immuno- 
peroxidase method (Lucifora et al). 1990;163:235-9 
Infection and labor. VI. Prevalence, microbiology, and elin- 
ical significance of intraamniotic infection in twin gesta- 
tions with preterm labor (Romero et al), 1990;163:757- 
61 
Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 1990;163:823-5 
Infection, animal 
A rabbit model for bacteria-induced preterm pregnancy loss 
(Dombroski et al). 1990;163:1938-43 
Infection, congenital 
Prenatal diagnosis of congenital cytomegalovirus infection: 
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two decades later (Grose and Weiner). 1990;163:447-50 
(Clin. opinion) 
Infertility, female 

Antisperm antibodies in women undergoing intrauterine 
insemination (Goldberg et al). 1990;163:65-8 

Association between autoantibodies and unexplained infer- 
tility unproved (Maier) (Letter); (Taylor and Campbell) 
(Reply). 1990; 163:243 

Human oocyte and preembryo donation: an evolving 
method for the treatment of infertility (Sauer and Paul- 
son). 1990;163:1421-4 (Clin. opinion) 

Infertility and eating disorders (Stewart et al). 
1990; 163:1196-9 

Screening infertile women for subclinical hypothyroidism 
(Strickland et al) (Letter); (Wilansky and Greisman) (Re- 
ply). 1990;163:262-3 

The use of serial CA 125 concentrations to monitor endo- 
metriosis in infertile women (Pittaway). 1990;163: 
1032-7 

Infertility, male 

A comparison of sperm antibody assays (Daru and Mathur). 

1990; 163:1622-9 
Inflammatory bowel disease 

Intrapartum uterine rupture and inflammatory bowel dis- 

ease (Peterson and Braak). 1990;163:1247-8 
Informed consent 

Drug prophylaxis for human immunodeficiency virus—in- 
fected pregnant women: ethical considerations (Minkoff 
and Moreno). 1990;163:1111-4 (Clin. opinion) 

Insemination, artificial 

Antisperm antibodies in women undergomg intrauterine 

insemination (Goldberg et al). 1990;163:65-8 
Instruments, surgical; see Surgical instruments 
Insulin 

Does fasting interval affect the glucose challenge test? (Ber- 
kus et al). 1990;163:1812-7 

Effects of ethinyl estradiol combined with desogestrel and 
cyproterone acetate on glucose tolerance and insulin re- 
sponse to an oral glucose load: a one-year randomized, 
prospective, comparative trial (Jandrain et al). 
1990; 163:378-81 (Supplement) 

Infants of diabetic mothers with accelerated fetal growth by 
ultrasonography: Are they all alike? (Keller et al). 
1990; 163:893-7 

Interrelations between carbohydrates, lipids, and the he- 
mostatic system in relation to the risk of thrombotic and 
cardiovascular disease (Juhan-Vague and Vague). 
1990; 163:313-5 (Supplement) 

Long-term maternal-fetal exposure to high-low insulin con- 
centrations alter liver but not brain insulin receptors (De- 
vaskar et al}. 1990;163:1350-6 

Low-dose oral contraceptives and carbohydrate metabolism 
(Godsland et al). 1990;163:348-53 (Supplement) 

Relationships between glucose levels and insulin secretion 
during a glucose challenge test (Berkus et al). 
1990; 163:1818-2] 

Suppression of serum insulin level by diazoxide does not 
alter serum testosterone of sex hormone—binding glob- 
ulin levels in healthy, nonobese women (Nestler et al). 
1990; 163:1243-6 . 

Insulin-dependent diabetes; see Pregnancy in diabetes 
Insulin-like growth factor I 

Specific binding sites for insulin-like growth factor I in the 
ovarian stroma of women with polycystic ovarian disease 
and stromal hyperthecosis (Nagamani and Stuart). 
1990; 163:1992-7 
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Insulin-like growth factor II 

Insulin-like growth factor II and nonsuppressible insulin- 
like activity levels in newborns (Samaan et al). 
1990; 163:1836-9 

Insulin resistance 

Diabetic ketoacidosis and insulin resistance with subcuta- 
neous terbutaline infusion: a case report (Tibaldi et al). 
1990; 163:509-10 

Effects of oral contraceptives on carbohydrate and lipid me- 
tabolisms in a healthy population: the Telecom Study (Si- 
mon et al). 1990;163:382-7 (Supplement) 

Impairment of glucose tolerance: mechanism of action and 
impact on the cardiovascular system (Beck-Nielsen et al). 
1990; 163:292-5 (Supplement) 

Mechanism of action of oral contraceptives on carbohydrate 
metabolism at the cellular level (Skouby et al). 
1990; 163:343-8 (Supplement) 

Intensive care, neonatal 

Mortality rates ignore population segment (Harkavy) 
(Letter); (Resnick and Ariet) (Reply). 1990; 163:269- 
70 

Survival and outcome of infants weighing <800 grams at birth 
(Lipper et al). 1990; 163:146-50 

Interferon-y; see Interferon type IT 

Interferon type II 

Proliferative and antiproliferative effects of interferon-y 
and tumor necrosis factor-a on cell lines derived from 
cervical and ovarian malignancies (Mutch et al). 
1990; 163:1920-4 

Interleukin-1 

Mechanism of action of interleukin-18 in increasing corti- 
cotropin-releasing factor and adrenocorticotropin hor- 
mone release from cultured human placental cells (Pe- 
traglia et al). 1990;163:1307-12 

Interleukin-2 

Lymphokine production during term human pregnancy: 
differences between peripheral leukocytes and decidual 
cells (Dudley et al). 1990;163:1890-3 

Serum levels of interleukin-2 and tumor necrosis factor a 
in women with recurrent abortion (Mallmann et al). 
1990; 163:1367 (Letter) 

Interleukins 

Interleukin-1B8, human leukocyte antigen DRI, and trans- 
forming growth factor-B expression in endometrium, pla- 
centa, and placental membranes (Kauma et al). 
1990; 163:1430-7 

Internal carotid artery; see Carotid artery, internal 
Internship and residency 

Does obstetric ethics have any role in the obstetrician’s re- 
sponse to the abortion controversy? (Chervenak and 
McCullough). 1990; 163:1425-9 (Clin. opinion) 

Intraamniotic infection; see Amniotic fluid; Chorioamnion- 
itis 
Intracellular fluid 

Intracellular sodium levels in pregnant women with hyper- 
tension (Goodlin) (Letter); (Sowers and Zemel) (Reply). 
1990; 163:261-2 

Intrapartum asphyxia; see Fetal anoxia 
Intrauterine devices 

Cardiovascular death among women under 40 years of age 
using low-estrogen oral contraceptives and intrauterine 
devices in Finland from 1975 to 1984 (Hirvonen and 
Idanpaan-Heikkila). 1990; 163:281-4 (Supplement) 

Contraception and ectopic pregnancy risk (Franks et al). 
1990; 163:1120-3 

Laparoscopic ventrosuspensions (Yoong). 1990;163:1151-3 
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Ovarian pregnancy: a report of 20 cases in one institution 
(Raziel et al). 1990;163:1182-5 
Intrauterine growth retardation. Fetal growth retardation; 
see Fetal growth retardation 
Intrauterine synechiae; see Adhesions 
Intrauterine transfusion; see Blood transfusion, intrauterine 
Ionized calcium; see Calcium 
Irrigation 
Smoking and the antioxidant ascorbic acid: plasma, leuko- 
cyte, and cervicovaginal cell concentrations in normal 
healthy women (Basu et al). 1990;163:1948-52 
Islands of Langerhans 
Anencephalics as organ 
1990; 163:599-600 
Isoenzymes 
Effects of ritodrine tocolysis on cardiac isozymes and elec- 
trocardiography (Hendricks and Katz) (Letter); (Hadi 
and Albazzaz) (Reply). 1990;163:699-701 
Isradipine 
Effects of magnesium and isradipine on contractile activa- 
tion induced by the thromboxane A, analog U46619 in 
human uteroplacental arteries in term pregnancy (Skajaa 
et al). 1990; 163:13238-33 


donors (Van Assche). 


Items 
Items. 1990;163:272, 714, 1108, 1378, 1718, 2032 
J 
Jurisprudence 


A chill wind blows: Webster, obstetrics, and the health of 
women (Chavkin and Rosenfield). 1990;163:450-2 (Clin. 
opinion) 


K 


Karyotype abnormalities; see Chromosome abnormalities 
Karyotyping 
Effect of maternal-fetal movement on concentration of cells 
obtained at genetic amniocentesis (Carlan et al). 
1990;163:490-3 
Second-trimester placental biopsy for rapid fetal karyotyp- 
ing (Cameron et al). 1990;163:93 1-4 
Ketoconazole 
Ketoconazole treatment of Cushing’s syndrome in preg- 
nancy (Divers). 1990;163:1101 (Letter) 
Ketosis, diabetic 
Diabetic ketoacidosis and insulin resistance with subcuta- 
neous terbutaline infusion: a case report (Tibaldi et al). 
1990; 163:509-10 
Kidney failure, chronic 
Chronic renal disease and pregnancy outcome (Cun- 
ningham et al). 1990;163:453-9 


L 


Labor 

Changes in active and latent collagenase in human placenta 
around the time of parturition (Rajabi et al). 
1990; 163:499-503 

A comparison of the effect of epidural, general, and no 
anesthesia on funic acid-base values by stage of labor and 
type of delivery (Shyken et al). 1990;163:802-7 

The course of labor after endurance exercise during preg- 
nancy (Clapp). 1991); 163:1799-805 

The intrauterine sound environment of the human fetus 
during labor (Benzaquen et al). 1990;163:484-90 

Labor epidural analgesia and dystocia-related cesarean 
section (Downing and Knape). 1990;163:1096-7 
(Letter) 
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The role of fetal membranes in regulating production, 
transport, and metabolism of prostaglandin E; during la- 
bor (McCoshen et al). 1990;163:1632-40 

Labor, induced 

Double-blind comparison of intravaginal prostaglandin Es 
gel and “chip” for preinduction cervical ripening (Smith 
et al). 1990; 163:845-7 

Induction of labor with mifepristone (RU 486) in intra- 
uterine fetal death (Cabrol et al). 1990;163:540-2 

Induction of labor with pulsatile oxytocin (Cummiskey and 
Dawood). 1990;163:1868-74 

Labor, induced, animal 

Effect of intravaginal application of prostaglandin E, gel on 
the mechanical properties of the ovine cervix uteri at term 
(Owiny and Fitzpatrick). 1990;163:657-60 

Labor, premature 

Amniotic fluid glucose concentration: a rapid and simple 
method for the detection of intraamniotic infection in 
preterm labor (Romero et al). 1990; 163:968-74 

Antenatal microbiologic and maternal risk factors asso- 
ciated with prematurity (McGregor et al). 1990;163: 
1465-73 

Awaiting cervical change for the diagnosis of preterm labor 
does not compromise the efficacy of ritodrine tocolysis 
(Utter et al). 1990;163:882-6 

A comparison of tocolysis with nifedipine or ritodrine: anal- 
ysis of efficacy and maternal, fetal, and neonatal outcome 
(Ferguson et al). 199);163:105-11 

The effect of physical activity during pregnancy on preterm 
delivery and birth weight (Klebanoff et al). 
1990; 163:1450-6 

Evaluation of a risk scoring system as a predictor of preterm 
birth in an indigent population (Owen et al). 
1990; 163:873-9 

Infection and labor. VI. Prevalence, microbiology, and clin- 
ical significance of intraamniotic infection in twin gesta- 
tions with preterm labor (Romero et al). 1990;163:757- 
61 

Is indicated or spontaneous preterm delivery more 
advantageous for the fetus? (Owen et al). 1990;163: 
868-72 

A new tocolytic agent: development of an oxytocin antag- 
onist for inhibiting uterine contractions (Wilson et al). 
1990; 163:195-202 

Prediction of risk for preterm delivery by ultrasonographic 
measurement of cervical length (Andersen et al). 
1990; 163:859-67 

Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 1990;163:823-5 

A prospective randomized comparison of oral terbutaline 
and magnesium oxide for the maintenance of tocolysis 
(Ridgway et al). 1990;163:879-82 

Randomized investigation of magnesium sulfate for pre- 
vention of preterm birth (Cox et al). 1990;163:767-72 

Risk factors for preterm premature rupture of fetal mem- 
branes: a multicenter case-control study (Harger et al). 
1990; 163:130-7 

Secretion of phospholipases by bacterial pathogens may ini- 
tiate preterm labor (Bennett et al). 1990;163:241-2 (Let- 
ter) 

Labor, premature, animal 

Inhibition of spontaneous uterine contractions during the 
last trimester in pregnant baboons by an oxytocin antag- 
onist (Wilson et al). 1990;163:1875-82 

A rabbit model for bacteria-induced preterm pregnancy loss 
(Dombroski et al). 1990;163:1938-43 
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Labor complications 
Effect of uterine contractility and maternal hypotension 
on prolonged decelerations after bupivacaine epi- 
dural anesthesia (Steiger and Nageotte). 1990;163: 
808-12 
Uterine hyperstimulation after low-dose prostaglandin E, 
therapy: tocolytic treatment in 181 cases (Egarter et al). 
1990; 163:794-6 
Labor stage, third 
Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 1990;163:823-5 
Laboratory diagnosis; see Diagnosis, laboratory 
Laparoscopy; see Peritoneoscopy 
Laparotomy 
Management of selected cystic adnexal masses in post- 
menopausal women by operative laparoscopy: a pilot 
study (Parker and Berek). 1990;163:1574-7 
Larynx, abnormalities 
Prenatal diagnosis of laryngeal atresia (Watson et al). 
1990; 163:1456-7 
Laser surgery l 
Carbon dioxide laser energy disperses human papilloma- 
virus deoxyribonucleic acid onto treatment fields (Fer- 
enczy et al). 1990;163:1271-4 
Fluid cooling of artificial sapphire tips of laser (Loffer) (Let- 
ter); (Baggish) (Reply). 1990; 163:681 
Sapphire probes in obstetric laser surgery (Corson) (Letter); 
(Baggish and Daniell) (Reply). 1990;163:246-7 
Lectins 
Lectins and heparin-binding features of human spermato- 
zoa as analyzed by flow cytometry (Vasquez et al). 
1990; 163:2006-12 
Leiomyoma 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 
III procollagen in serum (Puistola et al). 1990;163:1276- 
81 
Efficacy and safety considerations in women with uterine 
leiomyomas treated with gonadotropin-releasing hor- 
mone agonists: the estrogen threshold hypothesis (Fried- 
man et al). 1990;163:1114-9 (Clin. opinion) 
Malignant leiomyomatosis peritonealis disseminata (Ak- 
kersdik et al). 1990;163:591-3 
Preferential mitogenic activity for myoblast-like cells can be 
extracted from uterine leiomyoma tissues (Koutsilieris et 
al). 1990; 163:1665-70 
Leiomyomatosis; see Leiomyoma 
Leiomyosarcoma 
Malignant leiomyomatosis peritonealis disseminata (Ak- 
kersdiyk et al). 1990; 163:591-3 
Letters 
Letters. 1990;163:240-71, 677-712, 1089-107, 1364-77, 
1713-7, 2024-30 
Leukocytes 
Lymphokine production during term human pregnancy: 
differences between peripheral leukocytes and decidual 
cells (Dudley et al). 1990;163:1890-3 
Leuprolide 
Effects of danazol, gonadotropin-releasing hormone ago- 
nist, and a combination of danazol and gonadotropin- 
releasing hormone agonist on experimental endometri- 
osis (Sakata et al). 1990;163:1679-84 
Levonorgestrel 
Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 
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Levonorgestrel—-cont’d 

Effecis of three combined oral contraceptive preparations 
containing desogestrel plus ethinyl estradiol on lipid me- 
tabolism in comparison with two levonorgestrel prepa- 
rations (Kloosterboer and Rekers). 1990; 163:370-3 (Sup- 
plement) - 

Metabolic changes during treatment with two different pro- 
gestogens (Refn et al). 1990;163:374-7 (Supplement) 

Pharmacokinetics of gestagens: some problems (Fotherby). 
1990; 163:323-8 (Supplement) 

Pharmacokinetics of the contraceptive steroids levonorges- 
trel and gestodene after single and multiple oral admin- 
istration to women (Kuhnz). 1990;163:2120-7, (Sym- 
posium) 

LH 

Antiprogestin treatment decreases midluteal luteinizing hor- 
mone pulse amplitude and primarily exerts a pituitary 
inhibition (Shoupe et al). 1990;163:1982-5 

The GnRH pulse generator (Knobil). 1990;163:1721-6 
(Supplement) 

Gonadotropin-releasing hormone deficiency in men: diag- 
nosis and treatment with exogenous gonadotropin-re- 
leasing hormone (Crowley and Whitcomb). 
1990; 163:1752-8 (Supplement) 

The luteinizing hormone—releasing hormone pulse generator 
in men: abnormalities and clinical management (Matsu- 
moto et al). 1990;163:1743-51 (Supplement) 

Nature of gonadotropin-releasing hormone self-priming of 
luteinizing hormone secretion during the normal men- 
strual cycle (Sollenberger et al). 1990;163:1529-34 

Ovulation prediction from cyclic changes in salivary elec- 


trical conductivity (Loewit et al). 1990; 163:708-10 (Letter) 


LH-FSH releasing hormone 

The luteinizing hormone—releasing hormone pulse gen- 
erator in men: abnormalities and clinical management 
(Matsumoto et al). 1990;163:1743-51 (Supplement) 

Lichen sclerosis; see Vulvar diseases 
Lidocaine 
Effectiveness of 1% lidocaine dorsal penile nerve block in 
infant circumcision (Arnett et al). 1990;163:1074-80 
Life tables 
Survival rates of monoamniotic twins do not decrease after 
30 weeks’ gestation (Carr et al). 1990;163:719-22 
Lipids l 

The clinical relevance of oral contraceptive pill—induced 
plasma lipid changes: facts and fiction (Hoppe). 
1990; 163:388-91 (Supplement) 

Effect of low-dose oral contraceptives on carbohydrate and 
lipid metabolism in women with recent gestational dia- 
betes: results of a controlled, randomized, prospective 
study (Kjos et al). 1990;163:1822-7 

Effects of oral contraceptives on carbohydrate and lipid me- 
tabolisms in a healthy population: the Telecom Study (Si- 
mon et al). 1990;163:382-7 (Supplement) 

Effects of oral contraceptives on lipid metabolism (Gevers 
Leuven et al). 1990;163:1410-3 (Supplement) 

Effects of three combined oral contraceptive preparations 
containing desogestrel plus ethinyl estradiol on lipid me- 
tabolism in comparison with two levonorgestrel prepa- 
rations (Kloosterboer and Rekers). 1990;163:370-3 (Sup- 
plement) 

Evidence of heterogeneous mechanisms in lipoprotein lipid 
alterations in hyperandrogenic women (Wild et al). 
1990; 163:1998-2005 

Interrelations between carbohydrates, lipids, and the he- 
mostatic system in relation to the risk of thrombotic and 
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cardiovascular disease (Juhan-Vague and Vague). 
1990; 163:313-5 (Supplement) 

Mechanism of action of oral contraceptives on carbohydrate 

metabolism at the cellular level (Skouby et al). 
- 1990; 163:343-8 (Supplement) 

Metabolic changes during the normal menstrual cycle: a 
longitudinal study (Lebech et al). 1990;163:414-6 (Sup- 
plement) 

Metabolic changes during treatment with two dif- 
ferent progestogens (Refn et al). 1990;163:374-7 (Sup- 
plement) 

Oral contraceptives in risk groups: Exclusion or monitor- 
ing? (Guillebaud). 1990; 163:443-6 (Supplement) 

Some aspects of the relationship between oral contracep- 
tives, lipid abnormalities, and cardiovascular disease 
(Samsioe and Mattsson). 1990;163:354-8 (Supplement) 

Time-dependent alterations in lipid metabolism during 
treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Lipogenesis; see Lipids 
Lipoproteins 

The clinical relevance of oral contraceptive pill—induced 
plasma lipid changes: facts and fiction (Hoppe). 
1990; 163:388-91 (Supplement) 

Estrogenic effect of gestodene- or desogestrel-containing 
oral contraceptives on lipoprotein metabolism (Gevers 
Leuven et al). 1990;163:358-62 (Supplement) 

Oral contraceptives, lipoproteins, and atherosclerosis (Ad- 
ams et al). 1990;163:1388-92 (Supplement) 

Role of plasma lipoproteins in the pathogenesis of athero- 
sclerotic disease, with special reference to sex hormone 
effects (Tixkanen). 1990;163:296-304 (Supplement) 

Some aspects of the relationship between oral contracep- 
tives, lipid abnormalities, and cardiovascular disease 
(Samsioe and Mattsson). 1990;163:354-8 (Supplement) 

Time-dependent alterations in lipid metabolism during 
treatment with low-dose oral contraceptives (Kuhl et al). 
1990; 163:363-9 (Supplement) 

Lipoproteins, HDL 

Evidence of heterogeneous mechanisms in lipoprotein lipid 
alterations in hyperandrogenic women (Wild et al). 
1990; 163:1998-2005 | 

Lipoproteins, HDL cholesterol 

The clinical relevance of oral contraceptive pill—induced 
plasma lipid changes: facts and fiction (Hoppe). 
1990; 163:388-91 (Supplement) 


Lipoproteins, LDL cholesterol 


The clinical relevance of oral contraceptive pill—induced 
plasma lipid changes: facts and fiction’ (Hoppe). 
1990; 163:388-91 (Supplement) 

Listeria 
Intrauterine Lésteria infection: prenatal diagnosis by bio- 


physical assessment and amniocentesis (Liner). 
1990; 163:1596-7 
Liver 


Liver histopathologic findings in women with sickle cell dis- 
ease given prophylactic transfusion during pregnancy 
(Yeomans et al). 1990;163:958-64 

Long-term maternal-fetal exposure to high-low insulin con- 
centrations alter liver but not brain insulin receptors (De- 
vaskar et al). 199C;163:1350-6 

Studies on the mechanism of action of oral contraceptives 
with regard to fibrinolytic variables (Kooistra et al). 
1990; 163:404-13 (Supplement) 

Liver diseases 
Endometrioma of the liver (Rovati et al). 1990; 163:1490-2 
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Oral contraception in disease states (Breckwoldt et al). 
1990; 163:2213-6 (Symposium) 
Recurrent acute fatty liver of pregnancy (Barton et al). 
1990; 163:534-8 
Longitudinal studies 
Longitudinal study of the renin-angiotensin-aldosterone 
system in hypertensive pregnant women: deviations re- 
lated to the development of superimposed preeclampsia 
(August et al). 1999;163:1612-21 
Metabolic changes during the normal menstrual cycle: a 
longitudinal study (Lebech et al). 1990;163:414-6 (Sup- 
plement) 
Low birth weight infant; see Infant, low birth weight 
Lung 
Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990;163:558-66 
Lung, animal 
Dose response of thyrotropin-releasing hormone on pul- 
monary maturation in corticosteroid-treated preterm rab- 
bits (Tabor et al). 1990;163:669-76 
Effects of clonidine on breathing movements and electro- 
cortical activity in the fetal lamb (Bamford et al). 
1990;163:661-8 
Lupus anticoagulant 
Laboratory identification of the lupus anticoagulant in nor- 
mal pregnancy and pregnancy-induced hypertension 
(Riveros et al) (Letter); (Lockwood) (Reply). 
1990; 163:704-5 
Luteal phase 
Luteal insufficiency: correlation between endometrial 
dating and integrated progesterone output in 
clomiphene citrate~induced cycles (Hecht et al). 1990; 
163:1986-91 
Luteinizing hormone; see LH 
Lutrepulse; see Pituitary hormone releasing hormones, an- 
alogs and derivatives 
Lymph nodes 
The use of in situ hybridization to show human papillo- 
mavirus deoxyribonucleic acid in metastatic cancer cells 
within lymph nodes (Lewandowski et al). 1990; 163:1333- 
7 


Lymphangioma 
Spontaneous resolution of a nuchal fetal cystic hygroma 
diagnosed early in the second trimester of pregnancy 
(Meizner et al) (Letter); (Bronshstein and Blumenfeld) 
(Reply). 1990;163:267-9 
Lymphocyte stimulation; see Lymphocyte transformation 
Lymphocyte transformation 
Lymphocyte proliferative response to fertilization antigen 
in patients with antisperm antibodies (Naz et al). 
1990; 163:610-3 
Lymphokines 
Lymphokine producticn during term human pregnancy: 
differences between peripheral leukocytes and decidual 
cells (Dudley et al). 1990;163:1890-3 


M 


Macaca fascicularis 
Effects on bone of surgical menopause and estrogen therapy 
with or without progesterone replacement in cynomolgus 
monkeys (Jayo et al). 1990;163:614-8 
Macaca mulatta _ 
Alteration of 24-hour rhythms in myometrial activity in the 
chronically catheterized pregnant rhesus monkey after a 
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6-hour shift in the light-dark cycle (Figueroa et al). 
1990; 163:648-54 
Macrosomia 
Infants of diabetic mothers with accelerated fetal growth by 
ultrasonography: Are they all alike? (Keller et al). 
1990; 163:893-7 
Magnesium 
Effect of tocolytic agents on fetal umbilical velocimetry 
(Wright et al). 1990; 163:748-50 
Effects of magnesium and isradipine on contractile activa- 
tion induced by the thromboxane A, analog U46619 in 
human uteroplacental arteries in term pregnancy (Skajaa 
et al). 1990;163:1323-33 
Magnesium supplementation in pregnancy (Spatling and 
Fallenstein) (Letter); (Sibai) (Reply). 1990; 163:240-] 
Magnesium oxide 
A prospective randomized comparison of oral terbutaline 
and magnesium oxide for the maintenance of tocolysis 
(Ridgway et al). 1990;163:879-82 
Magnesium sulfate 
Adjusting the loading dose of magnesium sulfate for to- 
colysis (Wright et al). 1990; 163:889-92 l 
Combination therapy has potential complications ( Frohlich) 
(Letter); (Snyder and Cardwell) (Reply). 1990;163: 
244 l 
Magnesium sulfate and promethazine do not interact to 
cause hypotension in gravid ewes (Pollack et al). 
1990; 163:787-94 
Magnesium sulfate is not an ideal anticonvulsant (Goodlin) 
(Letter); (Sibai) (Reply). 1990; 163:1714-5 
Neuroophthalmologic effects of intravenous magnesium 
sulfate (Digre et al). 1990;163:1848-52 
Nifedipine enhances the cardiac toxicity of magnesium sul- 
fate in the isolated perfused Sprague-Dawley rat heart 
(Thorp et al). 1990; 163:655-6 
Phenytoin and magnesium sulfate in eclampsia (Dommisse) 
(Letter); (Ryan) (Reply). 1990;163:1089-91 
Randomized investigation of magnesium sulfate for 
prevention of preterm birth (Cox et al). 1990;163: 
767-72 
Magnetic resonance imaging 
Pelvimetry by magnetic resonance imaging in breech pre- 
sentation (van Loon et al). 1990;163:1256-60 
Prenatal diagnosis of fetal intracranial calcifications (Koga 
et al). 1990;163:1543-5 
Study of internal structure of the human fetus in utero by 
echo-planar magnetic resonance imaging (Johnson et al). 
1990;163:601-7 — . 
Major histocompatibility complex 
Sharing of human leukocyte antigens in primary and sec~ 
ondary recurrent spontaneous abortions (Ho et al). 
1990; 163:178-88 
Mammography 
Breast disease programs and mammography training (Dodd 
and McLelland): (Letter); (Gleicher) (Reply). 
1990; 163:689-91 
Martin-Bell syndrome 
Cytogenetic uncertainties surrounding the fragile X in Mar- 
tin-Bell syndrome (Sindwani and Verma). 1990; 163:1713- 
4 (Letter) 
Marvelon; see Desogestrel/ethiny! estradiol 
Masculinization; see Sex characteristics 
Mass screening 
Intrapartum hepatitis B screening in a low-risk population 
(Ernest et al). 1990;163:978-80 
The perinatal impact of cocaine, amphetamine, and opiate 
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Mass screening-—cont’d 
use detected by universal intrapartum screening (Gillo- 
gley et al). 1990;163:1535-42 

Maternal alcohol abuse; see Alcoholism 

Maternal-fetal exchange 

The effect of maternal hyperoxia on behavioral activity in 
growth-retarded human fetuses (Gagnon et al). 
1990; 163:1894-9 

Metabolism of cocaine by human placentas: implications for 
fetal exposure (Roe et al). 1999;163:715-8 

Placental transfer of cefazolin and piperacillin in pregnan- 
cies remote from term complicated by Rh isoimmuniza- 
tion (Brown et al). 1990;163:938-43 

Maternal-fetal exchange, animal 

Transplacental transfer of zidovudine in the near-term 

pregnant baboon (Hankins et al). 1990;163:728-32 
Maternal metabolism; sce Metabolism 
Maternal mortality 

Can anesthetic-related maternal mortality be reduced? 
(Conklin). 1990;163:253-4 (Letter) 

A chill wind blows: Webster, obstetrics, and the health of 
women (Chavkin and Rosenfield). 1990;163:450-2 (Clin. 
opinion) 

Cocaine-related 
1990; 163:40-1 

Maternal outcome; sce Pregnancy outcome 

Maternal serum a-fetoproteins; see Alpha fetoproteins 
Matrix glycoprotein receptors: see Receptors, glycoprotein 
Maylard incision 

The Maylard incision in gynecologic cancer (Helmkamp and 
Krebs). 1990; 163:1554-7 

Mean arterial blood pressure; see Blood pressure 
Meconium aspiration 

Amnioinfusion and prevention of meconium aspiration syn- 
drome (Falciglia) (Letter); (Sadovsky and Amon) (Reply). 
1990; 163:258-9 

Is meconium aspiration an intrauterine event? (Falciglia) 
(Letter); (Kalhan et al) (Reply). 1990;163:250-1 

Medical education; see Education, medical 
Medical ethics; see Ethics 

Medical residency; see Internship and residency 
Medroxyprogesterone 

Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990;163:1932-8 

Membrane glycoproteins 

Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990;163:479-84 

Meningomyelocele 

Diagnosis and management of prenatally detected myelo- 
meningocele: a preliminary report (Hogge et al). 
1990;163:1061-5 

Menopause 

Endometrial assessment by vaginal ultrasonography before 
endometrial sampling in patients with postmenopausal 
bleeding (Goldstein et al). 1990;163:119-23° 

Management of selected cystic adnexal masses in post- 
menopausal women by operative laparoscopy: a pilot 
study (Parker and Berek}. 1990;153:1574-7 

Relationship between plasma calcium fractions, other bone- 
related variables, and serum follicle-stimulating hormone 
levels in premenopausal, perimenopausal, and post- 
menopausal women (Nordin et al). 1990;163:140-5 

Short-term effects of smoking on the pharmacokinetic pro- 


maternal death (Burkett et al). 
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files of micronized estradiol in postmenopausal women 
(Cassidenti et al). 1990;163:1953-60 
Menopause, premature, animal 

Effects on bone of surgical menopause and estrogen therapy 
with or without progesterone replacement in cynomolgus 
monkeys (Jayo et al). 1990;163:614-8 

Menorrhagia 

Early hypothyroidism in patients with menorrhagia (Blesing 
and Hambley) (Letter); (Wilansky and Greisman) (Reply). 
1990; 163:697 

Screening inferule women for subclinical hypothyroidism 
(Strickland et al) (Letter); (Wilansky and Greisman) (Re- 
ply). 1990;163:262-3 

Menstrual cycle 

Changes in platelet angiotensin H binding sites associated 
with the human menstrual cycle (Baker et al). 
1990; 163:175-6 

Luteal insufficiency: correlation between endometrial dat- 
ing and integrated progesterone output in clomiphene 
citrate—induced cycles (Hecht et al). 1990;163:1986-91 

Metabolic changes during the normal menstrual cycle: a 
longitudinal study (Lebech et al). 1990;163:414-6 (Sup- 
plement) 

Nature of gonadotropin-releasing hormone self-priming of 
luteinizing hormone secretion during the normal men- 
strual cycle (Scllenberger et al). 1990;163:1529-34 

Mental retardation 

Prognosis for twins with birth weight <1500 gm: the impact 
of cesarean section in relation to fetal paar (Ry- 
dhstré6m). 1999;163:528-33 

Mesenteric arteries, animal 

Role of the endothelium in adrenergic responses of mes- 
enteric artery rings of pregnant rats (Parent et al). 
1990; 163:229-34 

Mestranol 

Pharmacokinetics of ethinyl estradiol and mestranol (Gold- 

zieher and Brody). 1990;163:2114-9 (Symposium) 
Metabolic diseases, complications 

interrelations between carbohydrates, lipids, and the he- 
mostatic system in relation to the risk of thrombotic and 
cardiovascular disease (Juhan-Vague and Vague). 
1990; 163:313-5 (Supplement) 

Metabolism 

Correlauons between antepartum maternal metabolism 
and newborn behavior (Rizzo et al). 1990;163: 
1458-64 

Metalloproteinases, antagonists or inhibitors 

Changes in active and latent collagenase in human placenta 
around the time of parturition (Rajabi et al). 
1990; 163:499-503 

Metastasis; see Neoplasm metastasis 
Methotrexate 

Treatment of cervical pregnancy with methotrexate 

(Sherer) (Letter); (Palti) (Reply). 1990;163:693-4 
Methoxyverapamil; see Verapamil 
Mice 

Ovarian granulosa cell tumorigenesis in SWR-derived F1 
hybrid mice: preneoplastic follicular abnormality and ma- 
lignant disease progression (Tennent et al). 
1990; 163:625-34 

Microspheres 

Venous and hepatic vascular responses to indomethacin and 
prostaglandin E, tn the fetal lamb (Paulick et al). 
1990; 163:13357-63 

Microsurgery 
Adhesion formation after ovarian wound repair in New 
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Zealand white rabbits: a comparison of ovarian micro- 
surgical closure with ovarian nonclosure (Wiskind et al). 
1990; 163:1674-8 
Mifepristone 
Antiprogestin treatment decreases midluteal luteinizing 
hormone pulse amplitude and primarily exerts a pituitary 
inhibition (Shoupe et al). 1990;163:1982-5 
In vitro effect of RU 486 on sperm-egg interaction in mice 
(Juneja and Dodson). 1990;163:216-21 
Induction of labor with mifepristone (RU 486) in 
intrauterine fetal death (Cabrol et al). 1990;163: 
540-2 
Mifepristone (RU 486) failure in an ovarian heterotopic 
pregnancy (Levin et al). 1990;163:543-4 
Migraine 
Oral contraceptives in risk groups: Exclusion or monitor- 
ing? (Guillebaud). 1990; 163:443-6 (Supplement) 
Milk, human 
Distribution of CA 125 in embryonic tissues and adult de- 
rivatives of the fetal periderm (Hardardottir et al). 
1990; 163:1925-31 
Mitochondria 
Ultrastructutal aspects of preeclampsia. IJ. Mitochondrial 
changes (Shanklin and Sibai). 1990; 163:943-53 
Mitogens, endogenous; see Growth substances 
Mitral valve, surgery 
Effect of mitral valve prosthetic surgery on the outcome of 
a growth-retarded fetus: a case report (Izquierdo et al). 
1990; 163:584-7 
Mitral valve stenosis 
8-Adrenergic receptor blockade in the management of 
pregnant women with mitral stenosis (Al Kasab et al). 
1990; 163:37-40 
Mole, hydatidiform; see Hydatidiform mole 
Molybdenum, deficiency 
Antenatal diagnosis of molybdenum cofactor deficiency 
(George et al). 1990; 163:1203-4 
Moniliasis, vulvovaginal 
Bacterial vaginosis and trichomoniasis vaginitis are risk fac- 
tors for cuff cellulitis after abdominal hysterectomy (So- 
per et al). 1990; 163:1016-23 
Monkeys, cynomolgus; see Macaca fascicularis 
Monkeys, rhesus; see Macaca mulatta 
Monoamniotic twins; see Twins, monozygotic 
Monoclonal antibodies; see Antibodies, monoclonal 
Morbidity 
The differential neonatal morbidity of the intrauterine 
growth retardation syndrome (Villar et al). 1990; 163:151- 
7 
Epidemiology of preeclampsia and eclampsia in the 
United States, 1979-1986 (Saftlas et al). 1990;163: 
460-5 
Perinatal survival with expectant management of mid- 
trimester rupture of membranes (Major and Kitzmiller). 
1990; 163:838-44 
Mortality; see Infant mortality; Maternal mortality 
Multiple drug resistance; see Drug resistance 
Multiple endocrine adenomatosis; see Neoplasms, multiple 
endocrine 
Multiple pregnancy; see Pregnancy, multiple 
Muscle, smooth 
Gestational changes in mechanical properties of skinned 
muscle tissues of human myometrium (Izumi et al). 
1990; 163:638-47 
Mycoplasma infections 
Cervicovaginal microflora and pregnancy outcome: results 
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of a double-blind, placebo-controlled trial of eryth- 
romycin treatment (McGregor et al). 1990;163: 
1580-91 
Myelomeningocele; see Meningomyelocele 
Myoblastoma 
Preferential mitogenic activity for myoblast-like cells can be 
extracted from uterine leiomyoma tissues (Koutsilieris et 
al). 1990;163:1665-70 
Myocardial infarction 
Oral contraceptives and myocardial infarction (Thorney- 
croft). 1990;163:1393-7 (Supplement) 
Past use of oral contraceptives and cardiovascular disease: 
a meta-analysis in the context of the Nurses’ Health Study 
(Stampfer et al). 1990;163:285-91 (Supplement) 
Myoma 
Studies of the spontaneous motility and the effect of his- 
tamine on isolated myometrial strips of the nonpregnant 
human uterus: the influence of various uterine abnor- 
malities (Martinez-Mir et al). 1990;163:189-95 
Myometrium 
Gestational changes in mechanical properties of skinned 
muscle tissues of human myometrium (Izumi et al). 
1990; 163:638-47 
Studies of the spontaneous motility and the effect of his- 
tamine on isolated myometrial strips of the nonpregnant 
human uterus: the influence of various uterine abnor- 
malities (Martinez-Mir et al). 1990;163:189-95 
Myometrium, animal 
Alteration of 24-hour rhythms in myometrial activity in the 
chronically catheterized pregnant rhesus monkey after a 
6-hour shift in the light-dark cycle (Figueroa et al). 
1990; 163:648-54 


N 


Naloxone 
Neuromodulatory regulation of gonadotropin-releasing 
hormone pulsatile discharge in women (Jaffe et al). 
1990; 163:1727-31 (Supplement) 
Narcotics; see also specific drugs 
The perinatal impact of cocaine, amphetamine, and opiate 
use detected by universal intrapartum screening (Gillo- 
gley et al). 1990;163:1535-42 
Natriuretic peptides, atrial 
Interrelationship between atrial natriuretic factor concen- 
trations and acute volume expansion in pregnant and 
nonpregnant women (Hatjis et al). 1990;163:45-50 
Plasma atrial arginine vasopressin levels vary little between 
preeclamptic and control patients (Elias and Varizi). 
1990;163:245 (Letter) 
Necrotizing fasciitis; see Fasciitis 
Negroid race 
The effect of race on the relationship between fetal death 
and altered fetal growth (Ferguson and Myers). 
1990; 163:1222-30 
Neonatal intensive care; see Intensive care, neonatal 
Neonatal mortality; see Infant mortality 
Neonatal outcome; see Pregnancy outcome 
Neonatal screening 
Cost-effectiveness of intrapartum screening and treatment 
for maternal group B streptococci colonization (Strick- 
land et al). 1990;163:4-8 (Clin. opinion) 
Neonatal sepsis; see Infant, newborn, diseases 
Neoplasm invasiveness 
Invasive carcinoma of the vulva (Cavanagh et al). 
1990; 163:1007-15 
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Neoplasm metastasis 
The use of in. situ hybridization to show human papillo- 
mavirus deoxyribonucleic acid in metastatic cancer cells 
within lymph nodes (Lewandowski et al). 1990;163:1333- 
7 


Neoplasms, multiple endocrine 


Multiple endocrine adenomatosis type I in pregnancy 


(Smythe et al). 1990;163:1037-9 
Nephrogenic diabetes insipidus; see Diabetes insipidus 
Nerve block 
Effectiveness of 1% lidocaine dorsal penile nerve block 
in infant circumcision (Arnett et al). 1990;163:1074- 
80 
Neuromuscular blocking agents 
Differential sensitivities of fetal muscle groups to d-tubo- 
curarine (Szeto and Hinman). 1990;163:202-9 
Neuroophthalmologic effects; see Eye, physiopathology 
Newborn diseases; sce Infant, newborn, diseases 
Niemann-Pick disease 
Niemann-Pick disease associated with nonimmune hydrops 
fetalis (Meizner et al). 1990; 163:128-9 
Nifedipine 
Combination therapy has potential complications (Frohlich) 
(Letter); (Snyder and Cardwell) (Reply). 1990; 163:244 
A comparison of tocolysis with nifedipine or ritodrine: anal- 
ysis of efficacy and maternal, fetal, and neonatal outcome 
(Ferguson et al). 1990;163:105-11 . 
- The effect of nifedipine therapy on fetal and’ placental Dopp- 
ler waveforms in preeclampsia remote from term (Moretti 
et al). 1990; 163:1844-8 l 
Nifedipine enhances the cardiac toxicity of magnesium sul- 
fate in the isolated perfused Sprague-Dawley rat heart 
(Thorp et al). 1990;163:655-6 
Vasodilatory effects of nifedipine, methoxyverapamil, and 
sodium nitroprusside on contractile responses of the ewe 
uterine artery at term pregnancy (Isla and Dyer). 
1990; 163:1337-44 
Nitroprusside 
The effect of adrenocorticotropic hormone infusion on sub- 
sequent pituitary response in the sheep fetus (Cuthrell et 
al). 1990;163:170-4 A ee 
Vasodilatory effects of nifedipine, methoxyverapamil, and 
sodium nitroprusside on contractile responses of the ewe 
uterine artery at term pregnancy (Isla and Dyer). 
1999; 163:1337-44 | 


. . Nonimmune hydrops; see Edema 


Nonstress tests; sce Fetal monitoring 
Nonsuppressible insulin-like activity 
Insulin-like growth factor I] and nonsuppressible insulin- 
© like activity levels in’ newborns (Samaan et al). 
1990; 163:1836-9 
Norepinephrine 
Progesterone increases cardiovascular toxicity to cocaine In 
nonpregnant ewes  (Plessinger and Woods). 
1990; 163:1659-64 . l 
Norethindrone 
Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990; 163:1932-8 
Norgestimate 
Binding of oral contraceptive progestogens to serum pro- 
' teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 
Gastrointestinal metabolism of contraceptive steroids (Back 
et al). 1990;163:2138-45 (Symposium) 


December 1990 
Am J Obstet Gynecol 


Pharmacologic end pharmacokinetic characteristics of nor- 
gestimate and its metabolites (McGuire et al). 
1990; 163:2127-31 (Symposium) 

Nuchal cystic hygroma; see Lymphangioma 
Nucleotide mapping 

Differential diagnosis between complete mole and hydropic 
abortus by deoxyribonucleic acid fingerprints (Nobunaga 

~ et al). 1990-°163:634-8 

Discrepancy in the diagnoses of hydatidiform mole by mac- 

‘ roscopic and microscopic findings and the deoxyribonu- 
cleic acid fingerprint method (Takahashi et al). 
1990; 163:112-3 


O 


Obesity in diabetes 
Does fasting interval affect the glucose challenge test? (Ber- 
kus et al). 1990;163:1812-7 


`~ Obstetrical forceps 


Risk factors tor third-degree and fourth-degree perineal 
lacerations in forceps and vacuum deliveries (Comts et 
‘al). 1990; 163:100-4 

_ Use, of midfcrceps applauded (Escamilla). 1990;163:2027 
(Letter) 


Obstetrics 


. A chill wind blows: Webster, obstetrics, and the health of 
women (Chavkin and Rosenfield). 1990;163:450-2 (Clin. 
opinion) 


_ Oligohydramnios; see Amniotic fluid 


Omphalocele; see Hernia, umbilical 
Oocytes 
Factors affecting embryo implantation after human in vitro 
fertilization: a hypothesis (Paulson et al). 1990; 163:2020- 
3 
Human oocyte and preembryo donation: an evolving 
method for the treatment of infertility (Sauer and Paul- 
son). 1990;163:1421-4 (Clin. opinion) 
Oocytes, animal 
Platelet activating factor enhances in vitro fertilization of 
‘rabbit oocytes (Roudebush et al). 1990;1635:1670-3 
Oophorectomy; see Ovariectomy 
Oophoritis 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterininal propeptide of type 
III procollagen in serum (Puistola et al). 1990;163:1276- 
81 


“Operative laparoscopy; see Laparotomy 


Opiates; see Narcotics 
Opioid peptides; see Endorphins 


” Organ donors; see Tissue donors 


Orthostatic hypotension; see Hypotension, orthostatic 
Osteomyelitis 
Postpartum osteomyelitis caused by group B streptoccccus 
(Berkowitz and McCaffrey). 1990; 163:1200-1 
Osteoporosis 
Prevalence and determinants of estrogen eann 
therapy in elderly women (Cauley et al). 1990;163: 
1438-44 
The relationship between plasma estradiol and the increase 
in bone density in postmenopausal women after treatment 
with subcutaneous hormone implants (Studd et al). 
1990;163:1474-9 . 
Osteoporosis, animal 
Effects on bone of surgical menopause and eraren therapy 
with or without progesterone replacement in cynomolgus 
monkeys (Jayo et al). 1990;163:614-8 
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Outpatients 
Outpatient obstetric management of women with type I di- 
abetes (Bourgeois and Duffer). 1990; 163:1065-73 
Ovarian cysts 
Hemoperitoneum as a result of coital injury without 
associated vaginal injury (McColgin et al). 1990;163: 
1503-5 
Ovarian diseases 
Specific binding sites for insulin-like growth factor I in the 
ovarian stroma of women with polycystic ovarian disease 
and stromal hyperthecosis (Nagamani and Stuart). 
1990; 163:1992-7 
Ovarian failure; see Ovary, physiopathology 
Ovarian neoplasms 
Autologous antibodies eluted from membrane fragments in 
human ovarian epithelial neoplastic effusions. HI. Cyto- 
toxic potential in vitro and characterization of antigen(s) 
(Kutteh et al). 1990;163:1301-6 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 


HI procollagen in serum (Puistola et al). 1990;163:1276- 


81 
Expression of P-glycoprotein in epithelial ovarian cancer: 
evaluation as a marker of multidrug resistance (Rubin et 
al). 1990; 163:69-73 
The prognostic significance of CA 125 half-life in patients 
with ovarian cancer who have received primary chemo- 
therapy after surgical cytoreduction (Hunter et al). 
1990; 163:1164-7 
Proliferative and antiproliferative effects of interferon-y 
and tumor necrosis factor-a on cell lines derived from 
cervical and ovarian malignancies (Mutch et al). 
1990; 163: 1920-4 
Ovarian pregnancy; see Pregnancy, ectopic 
Ovarian stroma, pathology; see Stroma ovarii, pathology 
Ovariectomy 
Parameters of hypothalamic aging (Seifer and Jones) (Let- 
ter); (Alexander and Aksel) (Reply). 1990;163:1715 
Ovariectomy, animal 
Effects on bone of surgical menopause and estrogen therapy 
with or without progesterone replacement in cynomolgus 
monkeys (Jayo et al). 1990;163:614-8 
Ovary, physiology 
Oxytocin and vasopressin binding sites in human and bovine 
ovaries (Fuchs et al). 1990;163:1961-7 
Ovary, physiology, animal 
Oxytocin and vasopressin binding sites in human and bovine 
ovaries (Fuchs et al). 1990;163:1961-7 
Ovary, physiopathology ` 
Human oocyte and preembryo donation: an evolving 
method for the treatment of infertility (Sauer and Paul- 
son). 1990;163:1421-4 (Clin. opinion) 
Ovary, surgery, animal 
Adhesion formation after ovarian wound repair in New 


Zealand white rabbits: a comparison of ovarian micro- | 
surgical closure with ovarian nonclosure (Wiskind et al).. 


1990; 163:1674-8 
Oviducts, mammalian; see Fallopian tubes 
Ovulation 
Inhibition of ovulation by low-dose monophasic contracep- 
tive containing gestodene (Thomas and Vankrieken). 
1990; 163:1404-9 (Supplement) 
Ovulation detection 
Ovulation prediction from cyclic changes in salivary elec- 
trical conductivity (Loewit et al). 1990;163:708-10 
(Letter) 
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Ovulation induction 
Polycystic ovary syndrome: abnormalities and management 
with pulsatile gonadotropin-releasing hormone and go- 
nadotropin-releasing hormone analogs (Filicori ét al). 
1990; 163:1737-42 (Supplement) 
Ovum implantation 
Factors affecting embryo implantation after human in vitro 
fertilization: a hypothesis (Paulson et al). 1990; 163:2020- 
3 
Tubal embryo successfully transferred in utero (Shettles). 
1990;163:2026-7 (Letter) 
Ovum transport 
The complex nature of egg transport through the oviduct 
(Egarter) (Letter); (Pulkkinen and Jaakkola) (Reply). 
1990; 163:687-8 
Oxytocin 
Induction of labor with pulsatile oxytocin (Cummiskey and 
Dawood). 1990; 163: 1868-74 
Oxytocin and vasopressin binding sites in human and bovine 
ovaries (Fuchs et al). 1990;163:1961-7 
Oxytocin, antagonists and inhibitors 
Inhibiuon of spontaneous uterine contractions during the 
last trimester in pregnant baboons by an oxytocin antag- 
onist (Wilson et al). 1990;163:1875-82 
A new tocolytic agent: development of an oxytocin antag- 
onist for inhibiting uterine contractions (Wilson et al). 


1990; 163: 195-202 


P 


P-glycoprotein; see Glycoproteins 
Packed red blood cells; see Blood transfusion 
Pain 


Laparoscopic ventrosuspensions (Yoong). 1990;163: 
1151-3 

Pancreas transplantation 

Anencephalics .as organ donors (Van Assche). 


1990; 163:599-600 
Pancuronium l 
Differential sensitivities of fetal muscle groups to d-tubo- 
curarine (Szeto and Hinman). 1990;163:202-9 
Papanicolaou test; see Uterus 
Papillary cystadenocarcinoma; see Cystadenoma 
Papillomaviruses 
Carbon dioxide laser energy disperses human papilloma- 
virus deoxyribonucleic acid onto treatment fields (Fer- 
enczy et al). 1990;163:1271-4 
5-Fluorouracil exposure during the period of conception: 
report on two cases (Odom et al). 1990;163:76-7 
The use of in situ hybridization to show human papillo- 
mavirus deoxyribonucleic acid in metastatic cancer cells 
within lymph nodes (Lewandowski et al). 1990; 163:1333- 
5 x 


Parity 
Definition of primparas (Gates). 1990;163:677 (Letter) 
Partial thromboplastin time 
Antiphospholipid antibodies and recurrent pregnancy loss: 
correlation between the activated partial thromboplastin 
time and antibodies against phosphatidylserine and car- 
diolipin (Rote et al). 1990;163:575-84 
Influence of oral contraceptives on coagulation tests in na- 
tive blood and plasma (Kunz etal). 1990;163:417-20 (Sup- 
plement) 
Parturition; see Labor 
Parvovirus infections l 
Management and outcomes of pregnancies complicated by 
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Parvovirus infections—cont’d 
human B19 parvovirus infection: a prospective study 
(Rodis et al). 1990;163:1168-7] 
Pelvic infection; sce Adnexitis 
Pelvic inflammatory disease; see Adnexitis 
Pelvic tuberculosis; see Tuberculosis, female genital 
Pelvimetry l 
Pelvimetry by magnetic resonance imaging in breech pre- 
sentation (van Loon et al). 1990;163:1256-60 
Vaginal breech delivery: a five-year prospective evaluation 
of a protocol using computed tomographic pelvimetry 
(Christian et al). 1990;163:848-55 
Pemphigus 
Pemphigus in pregnancy (Metzker and Merlob) (Letter); 
(Kanwar and Kaur) (Reply). 1990;163:1097 
Penicillamine, adverse effects 
Pregnancy in a patient with treated Wilson’s disease: a case 
report (Dupont et al). 1990; 163:1527-8 
Penile nerve block; see Nerve block 
Pentamidine 
Drug prophylaxis for human immunodeficiency virus—in- 
fected pregnant women: ethical considerations (Minkoff 
and Moreno). 1990;163:1111-4 (Clin. opinion) 
Embryofetal effects of pentamidine isethionate adminis- 
tered to pregnant Sprague-Dawley rats (Harstad et al). 
1990; 163:912-6 
Pereyra procedure; see Suspensions 
Periderm; see Fetal development 
Perinatal mortality; see Infant mortality 
Perinatal outcome; see Pregnancy outcome 
Perineum, injuries 
Risk factors for third-degree and fourth-degree perineal 
lacerations in forceps and vacuum deliveries (Combs et 
al). 1990;163:100-4 
Peritoneoscopy 
Laparoscopic diagnosis and treatment of interstitial ectopic 
pregnancy: a case report (Pasic and Wolfe). 1990; 163:587- 
8 
Laparoscopic ventrosuspensions 1990; 163: 
1151-3 
Mifepristone (RU 486) failure in an ovarian heterotopic 
pregnancy (Levin et al). 1990; 163:543-4 
Modified laparoscopy for monitoring transcervical surgery 
(Lin and Iwata). 1990;163:243-4 (Letter) 
Peritoneum 
Malignant leiomyomatosis peritonealis disseminata (Ak- 
kersdijk et al). 1990;163:591-3 
Pessaries 
A vesicovaginal fistula and intravesical foreign body: a rare 
case of the neglected pessary (Goldstein et al). 
1990; 163:589-91] 
pH; see Hydrogen-ion concentration 
Pharmacokinetics 
Influence of oral contraceptives on drug therapy (Teich- 
mann). 1990;163:2208-13 (Symposium) 
Interacuons with oral contraceptives 
1990; 163:2153-9 (Symposium) 
Pharmacokinetics and pharmacodynamics of oral contra- 
ceptive steroids: factors influencing steroid metabolism 
(Jung-Hoffmann and Kuhl). 1990;163:2183-97 (Sym- 
posium) 
Pharmacokinetics of ethiny! estradiol and mestranol (Gold- 
zieher and Brody). 1990;153:2114-9 (Symposium) 
Pharmacokinetics of gestagens: some problems (Fotherby). 
1990; 163:323-8 (Supplement) 
Pharmacokinetics of gestodene and ethiny] estradiol after 


(Yoong). 


(Fotherby). 
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oral administration of a monophasic contraceptive 
(Tauber et al). 1990;163:1414-20 (Supplement) 

Pharmacokinetics of the contraceptive steroids levonorges- 
trel and gestodene after single and multiple oral admin- 
istration to women (Kuhnz). 1990;163:2120-7 (Sym- 
posium) 

Pharmacologic and pharmacokinetic characteristics of nor- 
gestimate and its metabolites (McGuire et al). 
1990; 163:2127-31 (Symposium) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Hiimpel et 
al). 1990;163:329-33 (Supplement) 

Selected aspects of the pharmacokinetics and metabolism of 
ethinyl estrogens and their clinical implications (Gold- 
zieher). 1990;163:318-22 (Supplement) 

Serum pharmacokinetics of orally administered desoges- 
trel and binding of contraceptive progestogens to sex 
hormone—binding globulin (Bergink et al). 1990;163: 
2132-7 (Symposium) 

Short-term effects of smoking on the pharmacokinetic pro- 
files of micronized estradiol in postmenopausal women 
(Cassidenti et al). 1990;163:1953-60 

Why do we need pharmacokinetic studies? (Hvidberg). 
1990; 163:316-8 (Supplement) 

Phenotype 

Correlation of the testicular determinant factor sequence 
zinc finger Y with varying gonadal phenotypes in a series 
of 13 subjects with gonadal dysgenesis because of Y an- 
euploidy (Tho et al). 1990; 163:1968-75 

Phenytoin 

Phenytoin and magnesium sulfate in eclampsia (Dommisse) 

(Letter); (Ryan) (Reply). 1990;163:1089-91 
Phosphatidylglycerols 

Absence of evidence of pulmonary maturity at amniocen- 
tesis in term infants of diabetic mothers (Ojomo and Cous- 
tan). 1990;163:954-7 

Phosphatidylserines 

Antiphospholipid antibodies and recurrent pregnancy loss: 
correlation between the activated partial thromboplastin 
time and antibodies against phosphatidylserine and car- 
diolipin (Rote et al). 1990;163:575-84 

Phospholipids 

Antiphospholipid antibodies and recurrent pregnancy loss: 
correlation between the activated partial thromboplastin 
time and antibodies against phosphatidylserine and car- 
diolipm (Rote et al). 1990;163:575-84 

Immunoglobulin G fractions from patients with antiphos- 
pholipid antibodies cause fetal death in BALB/c mice: a 
model for autoimmune fetal loss (Branch et al). 
1990; 163:210-6 

Inhibitory cofactor of antiphospholipid antibody in normal 
pregnancy sera (Cheng). 1990;163:701 (Letter) 

Recurrent adverse pregnancy outcome and antiphospholi- 
pid antibodies (Reece et al). 1990;163:162-9 (Curr. dev.) 

Secretion of phospholipases by bacterial pathogens may ini- 
tiate preterm labor (Bennett et al). 1990; 163:241-2 (Let- 
ter) 

Piperacillin 

Placental transfer of cefazolin and piperacillin in pregnan- 
cies remote from term complicated by Rh isoimmuniza- 
tion (Brown ei al). 1990;163:938-43 
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Pituitary-adrenal system, animal 
The effect of adrenocorticotropic hormone infusion on sub- 
sequent pituitary response in the sheep fetus (Cuthrell et 
al). 1990;163:170-4 
Pituitary gland 
Antiprogestin treatment decreases midluteal luteinizing 
hormone pulse amplitude and primarily exerts a pituitary 
inhibition (Shoupe et al). 1990; 163:1982-5 
Pituitary gland, animal 
The effect of adrenocorticotropic hormone infusion on sub- 
sequent pituitary response in the sheep fetus (Cuthrell et 
al). 1990; 163:170-4 
Pituitary hormone release inhibiting hormones 
Efficacy and safety considerations in women with uterine 
leiomyomas treated with gonadotropin-releasing hor- 
mone agonists: the estrogen threshold hypothesis ( Fried- 
man et al). 1990;163:1114-9 (Clin. opinion) 
Pituitary hormone releasing hormones 
The effect of large uterine fibroids on urinary bladder func- 
tion symptoms (Langer et al). 1990;163:1139-41 
Efficacy and safety of intravenous pulsatile gonadotropin- 
releasing hormone: Lutrepulse for injection (Santoro). 
1990; 163:1759-64 (Supplement) 


The GnRH pulse generator (Knobil). 1990;163:1721-6 


(Supplement) 

Gonadotropin-releasing hormone deficiency in men: diag- 
nosis and treatment with exogenous gonadotropin-re- 
leasing hormone (Crowley and Whitcomb). 
1990; 163:1752-8 (Supplement) 

Hypothalamic amenorrhea: clinical perspectives, patho- 
physiology, and management (Liu). 1990;163:1732-6 
(Supplement) 

The luteinizing hormone—releasing hormone pulse gen- 
erator in men: abnormalities and clinical management 
(Matsumoto et al). 1990;163:1743-51 (Supplement) 

Nature of gonadotropin-releasing hormone self-priming of 
luteinizing hormone secretion during the normal men- 
strual cycle (Sollenberger et al). 1990;163:1529-34 

Neuromodulatory regulation of gonadotropin-releasing 
hormone pulsatile discharge in women (Jaffe et al). 
1990;163:1727-31 (Supplement) 

Polycystic ovary syndrome: abnormalities and management 
with pulsatile gonadotropin-releasing hormone and go- 
nadotropin-releasing hormone analogs (Filicori et al). 
1990; 163:1737-42 (Supplement) 

Practical aspects of pulsatile gonadotropin-releasing hor- 
mone administration (Schriock). 1990; 163:1765-70 (Sup- 
plement) 

Pulsatile GnRH in clinical medicine: introductory remarks 
(Jaffe and Yen). 1990; 163:1719-20 (Supplement) 

Pituitary hormone releasing hormones, analogs and deriv- 

atives 

Effects of danazol, gonadotropin-releasing hormone ago- 
nist, and a combination of danazol and gonadotropin- 
releasing hormone agonist on experimental endometri- 
osis (Sakata et al). 1990;163:1679-84 

Efficacy and safety of intravenous pulsatile gonadotropin- 
releasing hormone: Lutrepulse for injectton (Santoro). 
1990; 163:1759-64 (Supplement) 

- Polycystic ovary syndrome: abnormalities and management 
with pulsatile gonadotropin-releasing hormone and go- 
nadotropin-releasing hormone analogs (Filicori et al). 
1990; 163:1737-42 (Supplement) 

Practical aspects of pulsatile gonadotropin-releasing hor- 
mone administration (Schriock). 1990;163:1765-70 (Sup- 
plement) 
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Placenta 
Changes in active and latent collagenase in human placenta 
around the time of parturition (Rajabi et al). 
1990; 163:499-503 
The effect of nifedipine therapy on fetal and placental 
= Doppler waveforms in preeclampsia remote from term 
(Moretti et al). 1990;163:1844-8 
Immunocytochemical distribution and localization of 15-hy- 
droxyprostaglandin dehydrogenase in human fetal mem- 
branes, decidua, and placenta (Cheung et al). 
1990; 163:1445-9 
Interleukin-18, human leukocyte antigen DRI, and trans- 
forming growth factor-B expression in endometrium, pla- 
centa, and placental membranes (Kauma et al). 
1990; 163:1430-7 
Mechanism of action of interleukin-18 in increasing corti- 
cotropin-releasing factor and adrenocorticotropin hor- 
mone release from cultured human placental cells (Pe- 
traglia et al). 1990;163:1307-12 
Metabolism of cocaine by human placentas: implications for 
fetal exposure (Roe et al). 1990;163:715-8 
Placental histology in fetuses between 18 and 23 weeks’ ges- 
tation with abnormal karyotype (Kuhlmann et al). 
1990; 163:1264-70 
Preterm delivery: a risk factor for retained placenta (Rom- 
ero et al). 1990;163:823-5 
Response of placental vasculature to high glucose levels in 
the isolated human placental cotyledon (Roth et al). 
1990; 163:1828-30 
Second-irimester placental biopsy for rapid fetal karyotyp- 
ing (Cameron et al). 1990;163:93 1-4 
Ultrastructural aspects of preeclampsia. II. Mitochondrial 
changes (Shanklin and Sibai). 1990;163:943-53 
Why all placentas should be examined by a pathologist in 
1990 (Salafia and Vintzileos). 1990;163:1282-93 (Curr. 
dev.) 
Placenta, animal 
Does the umbilical artery systolic/diastolic ratio reflect flow 
or acidosis? (Copel et al). 1990; 163:751-6 
Placental thromboxane and prostacyclin production in 
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Ultrastructural aspects of preeclampsia. IH. Mitochondrial 
changes (Shanklin and Sibai). 1990; 163:943-53 
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diolipin (Rote et al). 1990;163:575-84 
Direct ultrasonographic measurement of fetal lung length 
in normal pregnancies and pregnancies complicated by 
prolonged rupture of membranes (Roberts and Mitchell). 
1990; 163:1560-6 
The effect of adjusting maternal serum a-fetoprotein levels 
for maternal weight in pregnancies with fetal open spina 
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rapid method for detection of fetal chromosome abnor- 
malities (Shulman et al). 1990:163:1606-9 
Inhibition of spontaneous uterine contractions during the 
last trimester in pregnant baboons by an oxytocin antag- 
onist (Wilson et al). 1990;163:1875-82 
Placental histology in fetuses between 18 and 23 weeks’ ges- 
tation with abnormal karyotype (Kuhlmann et al). 
1990; 163:1264-70 
Premature infant; sce Infant, premature 
Premature labor; see Labor, premature 
Premature rupture of membranes; see Fetal membranes, pre- 
mature rupture 
Premenstrual syndrome 
Vitamin E levels in premenstrual syndrome (Chuong et al). 
1999; 163:1591-5 
Prenatal care 
The relationship of cocaine use to syphilis and human im- 
munodeficiency virus infections among inner city partu- 
rient women (Minkoff et al}. 1990;163:521-6 
Prenatal diagnosis 
The associated anomalies that deeniine prognosis in 
congenital omphaloceles (Tucci and Bard). 1990;163: 
1646-9 
Color flow Doppler—a useful instrument in the diagnosis 
of vasa previa (Harding et al). 1990; 163:1566-8 
Detection of congenital toxoplasmosis by chorionic villus 
sampling and early amniocentesis (Foulon et al). 
1990; 163:1511-3 
Diagnosis and management of prenatally detected myelo- 
meningocele: a preliminary report (Hogge et al). 
1990: 163:1061-5 
Direct analysis of uncultured cytotrophoblastic cells from 
second- and third-trimester placentas: an accurate and 
rapid method for detection of fetal chromosome abnor- 
malities (Shulman et al). 1990;16371606-9 
Direct ultrasonographic measurement of fetal lung length 
in normal pregnancies and pregnancies complicated by 
prolonged rupture of membranes (Roberts and Mitchell). 
1990; 163:1560-6 
An evaluation of the chorionic villus sampling learning 
curve (Silver et al). 1990; 163:917-22 
In utero detection of cardiac failure from an aneurysm of 
the vein of Galen (Jeanty et al). 1990;163:50-1 
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Intrauterine Listeria infection: prenatal diagnosis by bio- 
physical assessment and amniocentesis (Liner). 
1990; 163: 1596-7 

Potential prenatal predictions of Down syndrome: 
a Statistical analysis (O’Brien et al). 1990;163: 
1796-8 

Prenatal diagnosis of a chest wall mass with ultrasonography 
and Doppler velocimetry: a case report (Smith et al). 
1990; 163:567-9 

Prenatal diagnosis of congenital cytomegalovirus infection: 
two decades later (Grose and Weiner). 1990;163:447-50 
(Clin. opinion) 

Prenatal diagnosis of congenital cytomegalovirus infection 
by virus isolation from amniotic fluid (Weiner and Grose). 
1990; 163:1253-5 

Prenatal diagnosis of fetal intracranial calcifications (Koga 
et al). 1990;163:1543-5 

Prenatal diagnosis of laryngeal atresia (Watson et al). 
1990; 163:1456-7 

Prognostic indicators of the resolution of nonimmune hy- 
drops fetalis and survival of the fetus (Carlson et al). 
1990; 163:1785-7 

Reliability of ultrasonographic formulary in the prediction 
of fetal weight and survival of very-low-birth-weight in- 
fants (Mills et al). 1990; 163: 1568-74 

Screening for trisomy 21 with ultrasonographic determi- 
nation of biparietal diameter/femur length ratio (Mar- 
quette et al). 1990;165:1604-5 

Transcervical chorionic villus sampling and amniocentesis: 
a comparison of reliability, culture findings, and fetal out- 
come (Ferguson et al). 1990; 163:926-3] 

Transvaginal ultrasonographic detection of congenital 
anomalies in the first trimester (Cullen et al). 
1990; 163:466-76 

Ultrasonographic assessment of placental abnormalities 
(Jauniaux and Campbell). 1990;163:1650-8 

Ultrasonographic diagnosis of a large placental intervil- 
lous thrombosis associated with elevated maternal 
serum a-fetoprotein level (Jauniaux et al). 1990;163: 
1558-60 

Presidential address 

Presidential address. 1990;163:1000-6 
Preterm labor; see Labor, premature 
Primiparity; see Parity 
Prior surgery; see Surgery, operative 
Procollagen 

Collagen metaboltsm in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 
III procollagen in serum (Puistola et al), 1990; 163:1276- 
81 

Prodrugs 

Prodrugs: Advantage or disadvantage? (Hammerstein). 

1990; 163:2198-203 (Symposium) 
Professional practice 

A chill wind blows: Webster, obstetrics, and the health of 
women (Chavkin and Rosenfield). 1990;163:450-2 (Clin. 
opinion) 

Retrospection and prospection (McLeod). 1990; 163:1000-6 
(Pres. address) 

Progestational hormones 

Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990;163:1932-8 

Progestational hormones, antagonists and inhibitors 

Antiprogestin treatment decreases midluteal luteinizing 
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hormone pulse amplitude and primarily exerts a pituitary 
inhibition (Shoupe et al). 1990;163:1982-5 
Progestational hormones, synthetic 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

The clinical relevance of oral contraceptive pill—induced 
plasma lipid changes: facts and fiction (Hoppe). 
1990; 163:388-91 (Supplement) 

Comparative studies of 30 wg ethinyl estradiol combined 
with gestodene and desogestrel on blood coagulation, fi- 
brinolysis, and platelets (Daly and Bonnar). 
1990; 163:430-7 (Supplement) 

Metabolic changes during treatment with two different 
progestogens (Refn et al). 1990;163:374-7 (Sup- 
plement) 

Prodrugs: Advantage or disadvantage? (Hammerstein). 
1990; 163:2198-203 (Symposium) 

Serum pharmacokinetics of orally administered desogestrel 
and binding of contraceptive progestogens to sex 
hormone—binding globulin (Bergink et al). 1990;163: 
2132-7 (Symposium) 

Progesterone 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Cervical cancer: Role for progesterone during pregnancy 
and contraception? (Stendahl and Rogo). 1990;163:685- 
6 (Letter) 

Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990;163:1932-8 

Corpus luteum function in early pregnancies is primarily 
determined by the rate of change of human chorionic 
gonadotropin levels (Kratzer and Taylor). 
1990; 163:1497-502 

Effects of oral contraceptives on carbohydrate and lipid me- 
tabolisms in a healthy population: the Telecom Study (Si- 
mon et al). 1990;163:382-7 (Supplement) 

Effects on bone of surgical menopause and estrogen therapy 
with or without progesterone replacement in cynomolgus 
monkeys (Jayo et al). 1990;163:614-8 

Luteal insufficiency: correlation between endometrial dat- 
ing and integrated progesterone output in clomiphene 
citrate—induced cycles (Hecht et al). 1990;163:1986-91 

Prodrugs: Advantage or disadvantage? (Hammerstein). 
1990; 163:2 198-202 (Symposium) 

Progesterone increases cardiovascular toxicity to cocaine in 
nonpregnant ewes  (Plessinger and Woods). 
1990; 163: 1659-64 

A progesterone-induced blocking factor corrects high re- 
sorption rates in mice treated with antiprogesterone 
(Szekeres-Bartho et al). 1990;163:1320-1 

Serum pharmacokinetics of orally administered desogestrel 
and binding of contraceptive progestogens to sex 
hormone—binding globulin (Bergink et al). 1990;163: 
2132-7 (Symposium) 

Progestogens; see Progestational hormones, synthetic 
Prohormones; see Prodrugs 
Prolactin 

Comparison of norethindrone and medroxyprogesterone 
acetate with natural progesterone and estradiol in stim- 
ulating prolactin production from cultured endometrial 
stromal cells (Levin et al). 1990;163:1932-8 

Comparisons of glycosylated and nonglycosylated amniotic 
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fluid prolactins in norma! second- and third-trimester 
pregnancies (McCoshen et al). 1990;163:81-5 
Prolongation of pregnancy; see Pregnancy, prolonged 
Prolonged rupture of membranes; see Fetal membranes, pro- 
longed rupture 
Promethazine 
Magnesium sulfate and promethazine do not interact to 
cause hypotension in gravid ewes (Pollack et al). 
1990;163:787-94 
Prostacyclins; sce Prostaglandins X 
Prostaglandin synthase . 
Immunohistochemical localization of prostaglandin H syn- 
thase in the female reproductive tract and endometriosis 
(Van Voorhis et al). 1990;163:57-62 
Prostaglandins 
Critical comments on the treatment of tubal pregnancy with 
prostaglandins (Dietl and Lippert) (Letter); (Egarter and 
Husslein) (Reply). 1990;163:707-8 
Immunohistochemical localization of prostaglandin H syn- 
thase in the female reproductive tract and endometriosis 
(Van Voorhis et al). 1990;163:57-62 
Low-dose aspirin. II. Relationship of angiotensin I1 pressor 
responses, circulating eicosanoids, and pregnancy out- 
come (Brown et al). 1990;163:1853-61 
Morphologic study of changes of collagenous tissue in 
the amnion and cervix during prostaglandin-induced 
abortion and delivery (Manabe and Yoshida). 1990; 
163:52-6 
Venous and hepatic vascular responses to indomethacin and 
prostaglandin E, in the fetal lamb (Paulick et al). 
1990; 163:1357-63 
Prostaglandins E,; See Dinoprostone 
Prostaglandins F;,,; see Dinoprost 
Prostaglandins H 
Immunohistochemical localization of prostaglandin H syn- 
thase in the female reproductive tract and endometriosis 
(Van Voorhis et al). 1990;163:57-62 
Prostaglandins X 
Placental thromboxane and prostacyclin production in an 
ovine diabetic model (Dickinson et al). 1990;163:1831-5 
Prosthetic heart valves; see Heart valve prosthesis 
Protein kinase C 
Evidence of a role for protein kinase C in epidermal growth 
factor—induced prostaglandin E; synthesis in amnion cells 
{Kniss et al). 1990;163:1883-90 
Puerperium 
Gestational diabetes mellitus: the prevalence of glucose in- 
tolerance and diabetes mellitus in the first two months 
post partum (Kjos et al). 1990;163:93-8 
Postpartum coronary artery dissection followed by heart 
transplantation (Curiel et al). 1990;163:538-9 
Successful treatment of postpartum shock caused by am- 
niotic fluid embolism with cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 
Pulmonary artery, surgery 
Successful treatment of postpartum shock caused by am- 
niotic fluid embolism with cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 
Pulmonary edema 
Ritodrine infusion and cardiomyopathy (Caritis) (Letter); 
(Blickstein) (Reply). 1990;163:254-6 
Pulmonary embolism 
Emergency treatment with recombinant tissue plasminogen 
activator of pulmonary embolism in a pregnant woman 
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Pulmonary embolism—cont’d 
with antithrombin HI deficiency (Baudo et al). 
1990; 163:1274-5 
Successful treatment of postpartum shock caused by am- 
niotic fluid embolism with cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 
Pulmonary surfactants 
Prevalence and etiology of respiratory distress in infants of 
diabetic mothers: predictive value of fetal lung matura- 
tion tests (Kjos et al). 1990;163:898-903 
Pulsatile oxytocin; see Oxytocin 
Purpura, thrombocytopenic 
Low fetal risks in pregnancies associated with idiopathic 
thrombocytopenia purpura (Burrows and Kelton). 
1990; 163:1 147-50 


Q 


Quality assurance, health care 
The impact of a quality assurance process on the frequency 
and confirmation rate of hysterectomy (Gambone et al). 
1990; 163:545-50 
' Questionnaires 
Use of the T-ACE questions to detect risk-drinking (Elliot) 
(Letter); (Sokol) (Reply). 1990; 163:684-5 


R 


Racial stocks 
The effect of race on the relationship between fetal death 
and altered fetal growth (Ferguson and Myers). 
1996; 163:1222-30 
Radiation effects 
Hyperkalemia secondary to irradiation of packed red blood 
cells: possible effects with intravascular fetal transfusion 
(Thorp et al). 1990;163:607-9 
Perception of teratogenic risk by pregnant women exposed 
to diagnostic radiation during pregnancy (Mastroiacovo 
et ali (Letter); (Koren) (Reply). 1990;163:695-6 
Rapid eye movements; see Sleep, REM 
Rats, inbred strains 
Nifedipine enhances the cardiac toxicity of magnesium sul- 
fate in the isolated perfused Sprague-Dawley rat heart 
(Therp et al). 1990;163:655-6 
Rats, Sprague-Dawley; see Rats, inbred strains 
Raz procedure; see Suspensions 
Receptors, adrenergic, beta 
B-Adrenergic receptor blockade in the management of 
pregnant women with mitral stenosis (Al Kasab et al). 
1990;163:37-40 
Receptors, angiotensin 
Changes in platelet angiotensin II binding sites associated 
with the human menstrual cycle (Baker et al). 
1990; 163:175-6 : 
Receptors, estrogen, animal 
Uterine artery estrogen receptors in the nonpregnant and 
pregnant guinea pig (Letberman et al). 1990;163:1685-8 
Receptors, glycoprotein 
Epithelial cells from normal human endometrium express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990; 163:479-84 
Receptors, insulin 
Long-term maternal-fetal exposure to high-low insulin con- 
centrations alter liver but not brain insulin receptors (De- 
vaskar et al). 1990;163:1350-6 
Specific binding sites for insulin-like growth factor I in the 
ovarian stroma of women with polycystic ovarian disease 
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and stromal hyperthecosis (Nagamani and Stuart). 
1990; 163:1992-7 
Receptors, progesterone, animal 

A progesterone-induced blocking factor corrects high re- 
sorption rates in mice treated with antiprogesterone 
(Szekeres-Bartho et al). 1990;163:1320-1 

Receptors, steroid | 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Recombinant tissue plasminogen activator; see Plasminogen 
activator, tissue-type 

Recurrent pregnancy loss; see Abortion, habitual; Pregnancy 
outcome 

Red cell alloimmunization; see Erythrocytes, immunology 

Renal failure, chronic; see Kidney failure, chronic 

Renin-angiotensin system 

Longitudinal study of the renin-angiotensin-aldosterone 
system in hypertensive pregnant women: deviations re- 
lated to the development of superimposed preeclampsia 
(August et al). 1990;163:1612-2} 

Reproducibility of results 

Transcervical chorionic villus sampling and amniocentesis: 
a comparison of reliability, culture findings, and fetal out- 
come (Ferguson et al). 1990;163:926-3 1 

Reproduction techniques 

Ethics of new reproductive technologies (Blaskiewicz) (Let- 
ter); (Macnaughton) (Reply). 1990; 163:1376 

Heterotopic pregnancy associated with assisted repro- 
ductive technology (Dimitry et al). 1990;163:244-5 
(Letter) 

Residency; sce Internship and residency 
Respiratory distress syndrome 

Digoxin-like immunoreactive factor and respiratory distress 
syndrome (Goodlin). 1990;163:1091 (Letter) 

Prevalence and etiology of respiratory distress in infants of 
diabetic mothers: predictive value of fetal lung matura- 
tion tests (Kjos et al). 1990; 163:898-903 

Retained placenta; see Placenta 
Retropubic suspension procedures; see Suspensions 
Rh isoimmunization 

Amniotic fluid midtrimester delta optical density measure- 
ments at 450 nm ir Rh disease (Nelson) (Letter); 
(Queenan) (Reply). 1990;163:710-2 

A case of Rh isoimmunization: Should threatened first- 
trimester abortion be an indication for Rh immune glob- 
ulin prophylaxis? (Dayton et al). 1990; 163:63-4 

Effects of intravascular fetal blood transfusion on fetal in- 
tracardiac Doppler velocity waveforms (Rizzo et al). 
1990; 163:1231-8 

The incidence of significant fetomaternal hemorrhage in 
patients undergoing cesarean section (Feldman et al). 
1990; 163:855-8 

Placental transfer of cefazolin and piperacillin in pregnan- 
cies remote from term complicated by Rh isoimmuniza- 
tion (Brown et al}. 1990; 163:938-43 

Postinjection kinetics of antepartum Rh immune globulin 
(Witter et al). 1990;163:784-6 

Rhesus monkeys; see Macaca mulatta 
Risk factors 

Antenatal microbiologic and maternal risk factors associated 
with prematurity (McGregor et al). 1990;163:1465-73 

Bacterial vaginosis and trichomoniasis vaginitis are risk fac- 
tors for cuff cellulitis after abdominal hysterectomy (So- 
per et al}. 1990;163:1016-23 

The diagnostic values of concurrent nonstress testing, am- 
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niotic fluid measurement, and Doppler velocimetry in 
screening a general high-risk population (Devoe et al). 
1990; 163:1040-8 

Evaluation of a risk scoring system as a predictor of preterm 
birth in an indigent population (Owen et al). 
1990; 163:873-9 

Maternal serum a-fetoprotein level useful screening test 
(Lao). 1990;163:240 (Letter) 

Oral contraceptives in risk groups: Exclusion or monitor- 
ing? (Guillebaud). 1990;163:443-6 (Supplement) 

Prediction of risk for preterm delivery by ultrasonographic 
measurement of cervical length (Andersen et al). 
1990; 163:859-67 

Risk factors associated with the increasing prevalence of 
pneumonia during pregnancy (Berkowitz and LaSala). 
1990; 163:981-5 

Risk factors for perinatal group B streptococcal disease 
after amniotic fluid colonization (Silver et al). 1990; 
163:19-25 

Risk factors for preterm premature rupture of fetal mem- 
branes: a multicenter case-control study (Harger et al). 
1990;163:130-7 . 

Risk factors for third-degree and fourth-degree perineal 
lacerations in forceps and vacuum delivertes (Combs et 
al). 1990;163:100-4 

Smoking and the antioxidant ascorbic acid: plasma, leuko- 
cyte, and cervicovaginal cell concentrations in normal 
healthy women (Basu et al). 1990;163:1948-52 

Use of the T-ACE questions to detect risk-drinking (Elliot) 
(Letter); (Sokol) (Reply). 1990; 163:684-5 

Ritodrine 

Awaiting cervical change for the diagnosis of preterm labor 
does not compromise the efficacy of ritodrine tocolysis 
(Utter et al). 1990;163:882-6 

A comparison of tocolvsis with nifedipine or ritodrine: anal- 
ysis of efficacy and maternal, fetal, and neonatal outcome 
(Ferguson et al). 1990;163:105-11 

Effects of ritodrine tocolysis on cardiac isozymes and elec- 
trocardiography (Hendricks and Katz) (Letter); (Hadi 
and Albazzaz) (Reply). 1990;163:699-701 

Ritodrine infusion and cardiomyopathy (Caritis) (Letter); 
(Blickstein) (Reply). 1990; 163:254-6 

Round ligament 

Hemoperitoneum as a result of coital injury without asso- 

ciated vaginal injury (McColgin et al). 1990;163:1503-5 
RU-486; see Mifepristone 
Running 

The course of labor after endurance exercise during preg- 
nancy (Clapp). 1990;163:1799-805 

Neonatal morphometrics after endurance exercise during 
pregnancy (Clapp and Capeless). 1990;163:1805-11 

Rupture of uterus; see Uterine rupture 
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Sacrococcygeal region 
Survival in a fetus with sacrococcygeal teratoma and hy- 
drops (Nakayama). 1990;163:682 (Letter) 
Saliva, analysis 
Ovulation prediction from cyclic changes in salivary elec- 
trical conductivity (Loewit et al). 1990; 163:708-10 (Letter) 
Salpingectomy; see Sterilization, tubal 
Salpingitis 
Collagen metabolism in gynecologic patients: changes in the 
concentration of the aminoterminal propeptide of type 
III procollagen in serum (Puistola et al). 1990; 163:1276- 
81 
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Sampling studies 

An evaluation of the chorionic villus sampling learning 

curve (Silver et al). 1990; 163:917-22 
Sapphire probes; see Surgical instruments 
Screening, genetic; see Genetic screening 
Screening, mass; see Mass screening 
Second trimester; see Pregnancy trimester, second 
Selection bias 

Ascertainment bias in diabetic outcome data (FitzSimmons 
and Davidson) (Letter); (Damm and Mglsted-Pedersen) 
(Reply). 1990;163:682-3 

Seif medication 
Autogenic masculinization (Punch and Ansbacher). 
1990; 163:114-6 
Semantics 
A conceptual thought (Pearse). 1990;163:1098 (Letter) 
Serology 

False-negative syphilis screening: the prozone phenome- 
non, nonimmune hydrops, and diagnosis of syphilis dur- 
ing pregnancy (Berkowitz et al). 1990;163:975-7 

Serum lipids; see Lipids 
Sex characteristics 

Autogenic masculinization (Punch and Ansbacher). 

1990;163:114-6 
Sex determination 

Rapid determination of fetal sex (Stephens) (Letter); (Pinck- 

ert et al) (Reply). 1990; 163:683-4 
Sex hormone-—binding globulin 

Binding of oral contraceptive progestogens to serum pro- 
teins and cytoplasmic receptor (Juchem and Pollow). 
1990; 163:2171-83 (Symposium) 

Metabolic changes during treatment with two dif- 
ferent progestogens- (Refn et al). 1990;163:374-7 
(Supplement) 

Pharmacokinetics of gestagens: some problems (Fotherby). 
1990; 163:323-8 (Supplement) 

Pharmacokinetics of the contraceptive steroids levonorges- 
trel and gestodene after single and multiple oral admin- 
istration to women (Kuhnz). 1990;163:2120-7 (Sym- 
posium) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethinyl 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Hiimpel et 
al). 1990; 163:329-33 (Supplement) 

Suppression of serum insulin level by diazoxide does not 
alter serum testosterone of sex hormone—binding glob- 
ulin levels in healthy, nonobese women (Nestler et al). 
1990; 163:1243-6 

Sex hormones; see also Contraceptives, oral 

First European Conference on Sex Steroids and Metabo- 
lism: introductory remarks (Jespersen et al). 
1990; 163:273 (Supplement) 

Human oocyte and preembryo donation: an evolving 
method for the treatment of infertility (Sauer and Paul- 
son). 1990;163:1421-4 (Clin. opinion) 

Impairment of glucose tolerance: mechanism of action and 
impact on the cardiovascular system (Beck-Nielsen et al). 
1990; 163:292-5 (Supplement) 

Metabolic changes during treatment with two different pro- 
gestogens (Refn et al). 1990;163:374-7 (Supplement) 

Oral contraceptives in risk groups: Exclusion or monitor- 
ing? (Guillebaud). 1990; 163:443-6 (Supplement) 
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Sex hormones—cont’d 

Pharmacokinetics of gestagens: some problems (Fotherby). 
1990; 163:323-8 (Supplement) 

Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethinyl estra- 
diol (Femovan) or a combination of desogestrel/ethiny| 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Hiimpel et 
al). 1990; 163:329-33 (Supplement) 

Role of plasma lipoproteins in the pathogenesis of 
atherosclerotic disease, with special reference to sex 
hormone effects (Tikkanen). 1990;163:296-304 (Sup- 
plement) 

Why do we need pharmacokinetic studies? (Hvidberg). 
1990; 163:316-8 (Supplement) 

Sex preselection 

How sperm commence movement and their isolation for in 
vitro fertilization and sex selection (Shettles). 
1990; 163:270 (Letter) 

Sex steroids; sce Sex hormones 
Sexually transmitted diseases 

Bacterial vaginosis: diagnostic and pathogenetic fndings 
during topical clindamycin therapy (Livengood et al). 
1990;163:515-20 

A follow-up study of methods of contraception, 
sexual activity, and rates of trichomoniasis, candidiasis, 
and bacterial vaginosis (Barbone et al). 1990;163: 
510-4 

Prégnancy outcomes among mothers infected with human 
immunodeficiency virus and uninfected control subjects 
(Minkoff et al). 1990;163:1598-604 

Sexually transmitted diseases and human immunodeficiency 
virus infection among women with pelvic inflammatory 
disease (Hoegsberg et al). 1990;163:1135-9 

Shirodkar operation; see Cervical incompetence 

Shock 

. Successful treatment of postpartum shock caused by am- 
niotic fluid embolism with cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 

Shoulder dystocia; sce Dystocia 

Sickle cell disease; see Anemia, sickle cell 

Sleep, REM 

Fetal eye movement assessed with real-time ultrasonogra- 
phy: Are there rapid and slow eye movements? (Horimoto 
et al). 1990; 163:1480-4 

Smoking 

Risk factors for preterm premature rupture of fetal mem- 
branes: a multicenter case-control study (Harger et al). 
1990;163:130-7 . 

Short-term effects of smoking on the pharmacokinetic pro- 
files of micronized estradiol in postmenopausal women 
(Cassidenti et al). 1990;163:1953-60 

Smoking and the antioxidant ascorbic acid: plasma, leuko- 
cyte, and cervicovaginal cell concentrations in normal 
healthy women (Basu et al). 1990;163:1948-52 

Smooth muscle; see Muscle, smooth 

Society of Perinatal Obstetricians 

Transactions of the tenth annual meeting of the Society of 
Perinatal Obstetricians. 1990;163:715-999 

Sodium ; 

Intracellular sodium levels in pregnant women with hyper- 
tension (Goodlin) (Letter); (Sowers and Zemel) (Reply). 
1990; 163:26]-2 
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Sodium nitroprusside; sce Nitroprusside 
South Atlantic Association of Obstetricians and Gynecolo- 
gists 

Retrospection and prospection (McLeod). 1990;163:1000-6 
(Pres. address) 

Transactions of the fifty-second annual meeting of the 
South Atlantic Association of Obstetricians and Gynecol- 
ogists. 1990; 163:1000-88 

Sperm immobilizing agents 

A comparison of sperm antibody assays (Daru and Mathur). 

1990; 163:1622-9 
Sperm motility 

How sperm commence movement and their isolation for in 
vitro fertilization and sex selection (Shettles). 
1990; 163:270 (Letter) 

Sperm-ovum interactions, animal 

In vitro effect of RU 486 on sperm-egg interaction in mice 

(Juneja and Dodson). 1990; 163:216-2] 
Spermatocidal agents 

A conceptual thought (Pearse). 1990; 163:1098 (Letter) 

A follow-up study of methods of contraception, sex- 
ual activity, and rates of trichomoniasis, candidiasis, 
and bacterial vaginosis (Barbone et al). 1990;163: 
510-4 

Spermatozoa 

Antisperm antibodies in women undergoing intrauterine 
insemination (Goldberg et al). 1990;163:65-8 

A comparison of sperm antibody assays (Daru and Mathur). 
1990; 163:1622-9 

Lectins and heparin-binding features of human spermato- 
zoa as analyzed by flow cytometry (Vasquez et al). 
1990; 163:2006-12 

Lymphocyte proliferative response to fertilization antigen 
in patients with antisperm antibodies (Naz et al). 
1990; 163:610-3 

Spina bifida 

The effect of adjusting maternal serum a-fetoprotein levels 
for maternal weight in pregnancies with fetal open spina 
bifida (Johnson et al). 1990;163:9-11 

Sprague-Dawley rats; see Rats, inbred strains 
Stains and staining 

Comparison of a rapid enzyme-linked immunosorbent assay 
test and the Gram stain for detection of group B strep- 
tococcus in ‘high-risk antepartum patients (Towers et al). 
1990; 163:965-7 

Gram stain results from amniocentesis in patients with pre- 
term permature rupture of membranes—-comparison of 
maternal and fetal characteristics (Asrat et al). 
1990; 163:887-9 

Stamey procedure; see Suspensions 
Statistical analysis; see Factor analysis, statistical 
Sterilization, tubal 

Necrotizing fasciitis of the total abdominal wall after ster- 
ilization by partial salpingectomy (Cederna et al). 
1990; 163:138-9 

Steroids 

Neuromodulatory regulation of gonadotropin-releasing 
hormone pulsatile discharge in women (Jaffe et al). 
1990;163:1727-31 (Supplement) 

Steroids, sex; see Contraceptives, oral 
Stillbirth; see Fetal death 
Streptococcus agalactiae 

Comparison of a rapid enzyme-linked immunosorbent assay 
test and the Gram stain for detection of group B strep- 
tococcus in high-risk antepartum patients (Towers et al). 
1990; 163:965-7 
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Cost-effectiveness of intrapartum screening and treatment 
for maternal group B streptococci colonization (Strick- 
land et al). 1990;163:4-8 (Clin. opinion) 

Perinatal mortality in Victoria, Australia: role of group 
B streptococcus (Fliegner and Garland). 1990;163: 
1609-11 

Postpartum osteomyelitis caused by group B streptococcus 
(Berkowitz and McCaffrey). 1990;163:1200-1 

Risk factors for perinatal group B streptococcal disease 
after amniotic fluid colonization (Silver et al). 1990;163: 
19-25 

Stress incontinence, urinary; see Urinary incontinence, stress 
Stroke; see Cerebrovascular disorders 
Stroma ovarii, pathology 

Specific binding sites for insulin-like growth factor I in the 
ovarian stroma of women with polycystic ovarian disease 
and stromal hyperthecosis (Nagamani and Stuart). 
1990; 163:1992-7 

Stromal hyperthecosis; see Stroma ovarii, pathology 

Stuck twins; see Twins l 

Subcutaneous hormone implants; see Estrogen replacement 
therapy 

Substance abuse 

Lack of specific placental abnormality associated with co- 
caine use (Gilbert et al). 1990;163:998-9 

The perinatal impact of cocaine, amphetamine, and opiate 
use detected by universal intrapartum screening (Gillo- 
gley et al). 1990;163:1535-42 

Prevalence of use of cocaine and other substances in 
an obstetric population (Matera et al). 1990;163:797- 
801 

Progesterone increases cardiovascular toxicity to cocaine in 
nonpregnant ewes (Plessinger and Woods). 
1990; 163:1659-64 

Sulfite oxidases 

Antenatal diagnosis of molybdenum cofactor deficiency 

(George et al). 1990; 163:1203-4 
Supreme court decisions; sce Jurisprudence 
Surface-active agents 

Prevalence and etiology of respiratory distress in infants of 
diabetic mothers: predictive value of fetal lung matura- 
tion tests (Kjos et al). 1990;163:898-903 

Surface glycoproteins; see Membrane glycoproteins 
Surfactants; see Surface-active agents 
Surgery, operative 

Adhesion formation after ovarian wound repair in New 
Zealand white rabbits: a comparison of ovarian micro- 
surgical closure with ovarian nonclosure (Wiskind et al). 
1990; 163: 1674-8 

Continuous or interrupted fascial closure: a prospective 
evaluation of No.1 Maxon suture in 402 gynecologic pro- 
cedures (Orr et al). 1990;163:1485-9 

A convenient method to identify prior surgical procedures 
(Letterie et al). 1990;163:1100 (Letter) 

The Maylard incision in gynecologic cancer (Helmkamp and 
Krebs). 1990;163:1554-7 

Surgical staples in cesarean section: a randomized controlled 
trial (Villeneuve et al). 1990;163:1641-6 

Surgical instruments 

Fluid cooling of artificial sapphire tips of laser (Loffer) (Let- 
ter); (Baggish) (Reply). 1990; 163:681 

Preventing cervical conization by achieving satisfactory col- 
poscopy with hygroscopic cervical dilators (Stern et al). 
1990;163:176-7 

Sapphire probes in obstetric laser surgery (Corson) (Letter); 
(Baggish and Daniell) (Reply). 1990; 163:246-7 
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Surgical menopause, animal; see Menopause, premature, an- 
imal 
Surgical staplers 
Surgical staples in cesarean section: a randomized controlled 
trial (Villeneuve et al). 1990;163:1641-6 
Surgical techniques and equipment; see Surgery, operative 
Surrogate mothers 
Surrogate parenting contracts (Wettstein) (Letter); (La 
Puma et al) (Reply). 1990; 163:679-80 
Survival 
‘Mortality rates ignore population segment (Harkavy) (Let- 
ter); (Resnick and Ariet) (Reply). 1990; 163:269-70 
Perinatal survival with expectant management of mid- 
trimester rupture of membranes (Major and Kitzmiller). 
1990;163:838-44 
Prolongation of pregnancy and survival of second twin 
(Goodlin) (Letter); (Feichtinger) (Reply). 1990;163: 
270-1 
Survival and outcome of infants weighing <800 grams at 
birth (Lipper et al). 1990;163:146-50 
Survival rates of monoamniotic twins do not decrease after 
30 weeks’ gestation (Carr et al). 1990;163:719-22 
Suspensions 
Retropubic long-needle suspension procedures for stress 
urinary incontinence (Varner). 1990;163:551-7 
Sutures 
Continuous or interrupted fascial closure: a prospective 
evaluation of No.1 Maxon suture in 402 gynecologic pro- 
cedures (Orr et al). 1990;163:1485-9 
Sympathomimetics 
Role of the endothelium in adrenergic responses of mes- 
enteric artery rings of pregnant rats (Parent et al). 
1990; 163:229-34 
Symphysiotomy 
Safe motherhood: Cesarean section or symphysiotomy? (van 
Roosmalen). 1990;163:1-4 (Clin. opinion) 
Syphilis 
False-negative syphilis screening: the prozone phenome- 
non, nonimmune hydrops, and diagnosis of syphilis dur- 
ing pregnancy (Berkowitz et al). 1990;163:975-7 
The relationship of cocaine use to syphilis and human im- 
munodeficiency virus infections among inner city partu- 
rient women (Minkoff et al). 1990;163:521-6 


iE 


T-ACE questions; see Questionnaires 


T-lymphocytes 
Soluble factors produced by isolated first-trimester chori- 
onic villi directly inhibit proliferation of T cells (Silver et 
al). 1990;163:1914-9 
TAG 72; see Antigens, tumor-associated, carbohydrate 
Telemetry 
Blood pressure measured telemetrically from home 
throughout pregnancy (Mooney et al). 1990;163:30-6 
Teratogens; see also Carcinogens 
Correlations between antepartum maternal metabolism and 
newborn behavior (Rizzo et al). 1990;163:1458-64 
Embryofetal effects of pentamidine isethionate adminis- 
tered to pregnant Sprague-Dawley rats (Harstad et al). 
1990; 163:912-6 
Perception of teratogenic risk by pregnant women exposed 
to diagnostic radiation during pregnancy (Mastroiacovo 
et al) (Letter); (Koren) (Reply). 1990;163:695-6 
Pregnancy in a patient with treated Wilson’s disease: a case 
report (Dupont et al). 1990;163:1527-8 
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Teratoma 
Survival in a fetus with sacrococcygeal teratoma and hy- 
drops (Nakayama). 1990;163:682 (Letter) 
Terbutaline 
Diabetic ketoacidosis and insulin resistance with subcuta- 
neous terbutaline infusion: a case report hea et al). 
1990; 163:509-10 
Effect of tocolytic agents on fetal umbilical eee 
(Wright et al). 1990;163:748-50 ' 


A prospective randomized comparison of oral terbutaline 


and magnesium oxide for the maintenance of PnOCOyss 
(Ridgway et al). 1990;163:879-82 
Testosterone 
Autogenic antes (Punch: and Ansbacher). 
1990; 163:114-6 a 
Suppression of serum insulin level by diazoxide does not 
alter serum testosterone of sex hormone- ~binding: glob- 
ulin levels in healthy, HOnODESS women (Nestler èt al). 
1990; 163:1243-6 i 
Thorax 
Prenatal diagnosis of a chest wall mass with ultr asonography 
and Doppler velocimetry: a case report (Smith et al). 
1990; 163:567-9 
Thrombin 
Clinical aspects of the relationship between oral contracep- 
tives and abnormalities of the hemostatic system: relation 
to the development of cardiovascular disease (Kell Enel): 
1999; 163:392-5° supplement ` l l 
Thrombocytopenia 
Continuing controversy in alloimmiune thrombocytopenia: 


fetal hyperimmunoglobulinemia fails to prevent throm- 


bocytopenia (Nicolini et al). 1990; 163:1144-6 


Cordocentesis and, immune thrombocytopenia—continued . 


(Weiner). 1990; 163:1371-2 (Letter), ” 
The natural history of thrombocytopenia associated with 
preeclampsia (Katz et al). 1990;163:1142-3 
Responsibility expands to extended family members: Sang 
et al). '1990;163:1369-70 (Letter) 
Thrombocytopenia purpura; sce Purpura, thrombocytopenic 
Thromboembolectomy; see Thrombosis 
Thrombosis 
` Disorders of the hemostatic system and the risk of ‘the de- 
velopment of thrombotic and cardiovascular diseases: lim- 
itations of laboratory diagnosis (Kluft). 1990;163:305-12 
(Supplement) 


Interrelations between carbohydrates, lipids, and the he- 


mostatic system in relation to the risk of thrombotic and 


, cardiovascular disease (Juhan-Vague and- Vague). 


1990; 163:313-5 (Supplement) : 
Oral contraception in disease states (Breckwolds et al). 
1990; 163:2213-6 (Symposium). | 
Successful treatment of postpartum shock caused by am- 
‘ niotic fluid embolism with ‘cardiopulmonary bypass and 
pulmonary artery thromboembolectomy (Esposito et al). 
1990; 163:572-4 
Ultrasonographic diagnosis .of a large placental inter- 
villous thrombosis associated with elevated maternal 
serum a-fetoprotein level or et al). 1990;163: 
1558-60 
Thromboxane 
Placental thromboxane and prostacyclin production in 
an ovine diabetic model (Dickinson et al). 1990; 163: 
1831-5 
Thromboxane Ag, analog 
Effects of magnesium and isradipine on contractile activa- 
tion induced by the thromboxane A, analog U46619 in 
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human uteroplacental arteries in term pregnancy (Skajaa 
et al). 1990; 163:1323-33 


. Thromboxane synthetase, antagonists and inhibitors 


Fetal and maternal response to intravenous infusion cf a 
. thromboxane synthetase inhibitor (Cardin et al). 
1990;163:1345-9 ' 
Thyrotropin releasing hormone 
Dose response of thyrotropin-releasing hormone on pul- 
-monary maturation in corucosteroid-treated preterm rab- 
', -bits (Tabor et al). 1990;163:669-76 
Thyroxine 
"Screening infertile women for subclinical hypothyroidism 
(Strickland et al) (Letter); (wilansky and Greisman) (Re- 
- ply). 1990;163:262-3 
Tissue culture 
Epithelial cells from normal human ndume Express 
a tumor-associated glycoprotein (TAG-72) epitope in vitro 
(Osteen et al). 1990;163:479-84 
Tissue donors 
Anencephalics as organ donors (Van Assche). 1990;163: 
599-600 : 
Tissue-type plasminogen activator; sce Plasminogen activa- 
tor, tissue-type 
Tocolysis 
‘Adjusting the loading dete of magnesium sulfate for to- 
colysis (Wright et al). 1990;163:889-92 
Awaiting cervical change for the diagnosis of preterm labor 
does not compromise the efficacy of ritodrine tocclysis 
(Utter et al). 1990;163:8892-6 
.A comparison of tocolysis with nifedipine or ritodrine: anal- 
ysis of efficacy and maternal, fetal, and neonatal outcome 
(Ferguson et al). 1990;163:105-11 
Effects. of > ritodrine tocolysis on cardiac isozymes 
and electrocardiography (Hendricks and Katz) (Let- 
ter); (Hadi and Albazzaz) (Reply). 1990;163:699- 
701 l n 
A ‘prospective randomized comparison of oral terbutaline 
and magnesium oxide for the maintenance of tocolysis 
(Ridgway et.al). 1990:163:879-82 
' Uterine hyperstimulation after low-dose prostaglandin Eg 
therapy: tocolytic tr eatment in ka cases (Egarter et al). 
1990; 163:794-6 ° 
Tocolytic agents — 
_'A comparisen of tocolysis with nifedipine or ritodrine: anal- 
ysis of efficacy and maternal, fetal, and neonatal outcome 
s (Ferguson et al). 1999;163:105-11 ` 4 
P of tocolytic agents on fetal umbilical velocimetry 
(Wright et al): 1990;163:748-50- 
Effects of ritodrine tocolysis on cardiac isozymes and elec- 
-trocardiography (Hendricks and Katz) (Letter); ‘Hadi 
and Albazzaz) (Reply). 1990;163:699-701 
Inhibition of spontaneous uterine contractions during the 
last trimester in pregnant baboons by an oxytocin antag- 
onist (Wilson et al). 1990;163:1875-82 
A new tocolytic agent: development of an oxytocin antag- 
onist for inhibiting uterine contractions (Wilson st al). 
1990; 163:195-202 


Tomography, x-ray computed 


Prenatal diagnosis of fetal intracranial calcifications {Koga 
etal). 1990;163:1545-5 ` 


Toxicology ` 


Prevalence of use of cocaine and other substances 
in an obstetric population (Matera et al). 1990;163: 
797-801 

Toxoplasmosis, congenital 
Detection of congenital toxoplasmosis by chorionic villus 
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sampling and early amniocentesis (Foulon et al). 
1990;163:1511-3 
Transabdominal ultrasonography; see Ultrasonic diagnosis 
Transactions 
Transactions of the fifty-second annual meeting of the 
South Atlantic Association of Obstetricians and Gynecol- 
ogists. 1990; 163:1000-88 
Transactions of the tenth annual meeting of the Society of 
Perinatal Obstetricians. 1990; 163:715-999 
Transcervical chorionic villus sampling; see Chorionic villi 
sampling 
Transcortin 
Protein binding of active ingredients and comparison of 
serum ethinyl estradiol sex hormone—binding globulin, 
corticosteroid-binding globulin, and cortisol levels in 
women using a combination of gestodene/ethiny! estra- 
diol (Femovan) or a combination of desogestrel/ethiny] 
estradiol (Marvelon) and single-dose ethinyl estradiol 
bioequivalence from both oral contraceptives (Htimpel et 
al). 1990; 163:329-33 (Supplement) 
Transforming growth factors 
Interleukin-18, human leukocyte antigen DRI, and trans- 


forming growth factor-B expression in endometrium, pla- - 


centa, and‘ placental membranes (Kauma et al). 
1990; 163:1430-7 
Transplacental exposure; see Maternal-fetal exchange 
Transplantation 
Anencephalics as organ 
1990; 163:599-600 
Transvaginal ultrasonography; see Ultrasonic diagnosis 
Trial of labor 
Reducing cesarean sections at.a teaching hospital (Sanchez- 
Ramos et al). 1990;163:1081-8 
Trichomonas vaginitis 
Bacterial vaginosis and trichomoniasis vaginitis are risk factors 
for cuff cellulitis after abdominal hysterectomy. (Soper et 
al). 1990;163:1016-23 
A follow-up study of methods of contraception, sexual ac- 
tivity, and rates of trichomoniasis, candidiasis, and bac- 
terial vaginosis (Barbone et al). 1990; 163:510-4 | 
Triplets 
Credit neonatal or cbstetric care? (Weissman and Jakobi) 
(Letter); (Milligan) (Reply). 1990;163:1716 
Trisomy 
The association of single umbilical artery with cytogeneti- 
cally abnormal pregnancies (Saller et al). 1990;163: 
922-5 


donors (Van Assche). 


Growth of linear parameters in trisomy 18 fetuses (Droste 


et al). 1990;163:158-61 

Maternal serum Down syndrome screening: free B-protein 
is a more effective marker than human chorionic gonad- 
otropin (Macri et al). 1990;163:1248-53 , 

Screening for trisomy 21 with ultrasonographic determi- 
nation of biparietal diameter/femur length ratio (Mar- 
quette et al). 1990;163:1604-5 

Ultrasonographic detection of the second-trimester fetus 
with trisomy 18 and trisomy 21 (Ginsberg et al). 
1990; 163:1186-90 | 

Trophoblast 

HBcAg identification in the placental cytotypes of symptom- 
free HBsAg-carrier mothers: a study with the immuno- 
peroxidase method (Lucifora et al). 1990;163:235-9 | 

Inhibition of aromatase activity by 8-bromo-cyclic adenosine 
monophosphate in cultured first-trimester human tro- 
phoblast (Rodway et al). 1990;163:1546-51 

Soluble factors produced by isolated first-trimester chori- 
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onic villi directly inhibit proliferation of T cells (Silver et 
al). 1990; 163:1914-9 
Trophoblastic tumor 
Prediction of residual trophoblastic tissue in first-trimester 
abortions: the role of transvaginal Doppler ultrasonog- 
raphy (Reuwen). 1990;163:2024-5 (Letter) 
Tuberculosis, female genital 
. An abdominal pregnancy 10 years after treatment for pelvic 
. tuberculosis (Durukan et al). 1990;163:594-5 l 
Tubocurarine 
Differential sensitivities of fetal muscle groups to d-tubo- 
curarine (Szeto and Hinman). 1990;163:202-9 
Tumor antigens; see Antigens, neoplasm 
Tumor-associated glycoproteins; sce Membrane glycopro- 
teins ' 


- Tumor necrosis factor 


Proliferative and antiproliferative eee of interferon-y 
and tumor necrosis factor-« on cell lines derived from 
cervical and ovarian malignancies (Mutch et ab. 
1990; 163:1920-4 

Serum levels of interleukin-2 and tumor necrosis factor « 
in women with recurrent abortion (Mallmann et al). 
1990; 163:1367 (Letter) | 


_. Tumorigenicity tests; see Carcinogens 


Turner’s syndrome 
Correlation of the testicular determinant factor sequence 
zinc finger Y with varying gonadal phenotypes in a series 
of 13 subjects with gonadal dysgenesis because of Y an- 
euploidy (Tho et al). 1990; 163:1968-75 


 Twin-to-twin transfusion; see Fetofetal transfusion 


Twin transfusion; see Fetofetal transfusion 


. Twins 


Fetal Doppler velocimetry in twins (Degani) (Letter); (Divon) 

(Reply). 1990;163:1100-1 | 

Infection and labor. VI. Prevalence, microbiology, and clin- 

ical significance of intraamniotic infection in twin gesta- 

tions with preterm labor (Romero et al). 1990; 163:757- 
61 ' 

Prognosis for twins with bir th weight <1500 gm: the impact 
of cesarean section in relation to fetal presentation (Ry- 
dhstrém). 1990;163:528-33 

Prolongation of pregnancy and survival of second twin 
(Goodlin) (Letter); (Feichtinger) (Reply). 1990;163: 
270-1 ` i 

The stuck twin phenomenon: Ultrasonographic findings, 
pregnancy outcome, and management with serial amnio- 
centeses (Mahony et al), 1990;163:1513-22 

Twin-twin transfusion syndrome (Urig et al. 
1990; 163: 1522-6 

Twins, monozygotic 

Perinatal outcome of forty-nine pregnancies complicated by 
acardiac twinning (Moore et al). 1990;163:907-12 

Survival rates of monoamniotic twins do not decrease after 
30 weeks’ gestation (Carret al). 1990; 163:719-22 


U 


Ulcer, vulvar; see Vulvar diseases 


Ultrasonic diagnosis 

Accuracy of apical four-chamber view as screen for con- 
genital heart disease (Stephens). 1990; 163:249-50 (Letter) 

Appropriate screening tests (Nagey) (Letter); (Chervenak 
et al) (Reply). 1990;163:688-9 

Assessment of cerebral hemodynamics in pregnant women 
by internal carotid artery pulsed Doppler velocimetry 
(Ikeda and Mori). 1990;163:494-8 

Blood flow velocity and pulsatile diameter changes in the 
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Ultrasonic diagnosis—cont’d 
fetal descending aorta: a longitudinal study (Stale et al). 
1990; 163:26-9 

Color flow Doppler—a useful instrument in the diagnosis 
of vasa previa (Harding et al). 1990; 163:1566-8 

The diagnostic values of concurrent nonstress testing, am- 
niotic fluid measurement, and Doppler velocimetry in 
screening a general high-risk population (Devoe et al). 
1990; 163:1040-8 

Direct ultrasonographic measurement of fetal lung length 
in normal pregnancies and pregnancies complicated by 
prolonged rupture of membranes (Roberts and Mitchell). 
1990; 163:1560-6 

Does the umbilical artery systolic/diastolic ratio reflect How 
or acidosis? (Copel et al). 1990; 163:751-6 

Ductus arteriosus flow velocity modulation by fetal breath- 
ing movements as a measure of fetal lung development 
(van Eyck et al). 1990;163:558-66 

The effect of nifedipine therapy on fetal and placental 
Doppler waveforms in preeclampsia remote from term 
(Moretti et al). 1990;163:1844-8 

Effects of intravascular fetal blood transfusion on fetal in- 
tracardiac Doppler velocity wavefarms (Rizzo et al). 
1996; 163:1231-8 

Endometrial assessment by vaginal ultrasonography before 
endometrial sampling in patients with postmenopausal 
bleeding (Goldstein et al). 1990;163:119-23 

Ethics and routine ultrasonography in pregnancy (Ewigman 
et al (Letter); (Chervenak et al) (Reply). 1990;163:256-8 

Fetal Doppler velocimetry in twins (Degani) (Letter); (Divon) 
(Reply). 1990;163:1 100-1 

Fetal eye movement assessed with reai-time ultrasonogra- 
phy: Are there rapid and slow eye movements? (Horimoto 
et al). 1990; 163:1480-4 

Fetal umbilical artery Doppler response to graded maternal 
aerobic exercise and subsequent maternal mean arterial 
blood pressure: predictive value for pregnancy-induced 
hypertension (Hume et al). 1990;163:826-9 

Human fetal foramen ovale flow velocity waveforms relative 
to behavioral states in normal term pregnancy (van Eyck 
et al). 1990;163:1239-42 

Hypoxic acidemia, hyperviscosity, and maternal hyperten- 
sion do not affect the umbilical arterial velocity waveform 
in fetal sheep (Morrow et al). 1990;163:1313-20 

In utero detection of cardiac failure from an aneurysm of 
the vein of Galen (Jeanty et al). 1990;163:50-1 

Infants of diabetic mothers with accelerated fetal growth by 
ultrasonography: Are they all alike? (Keller et al). 
1999; 163:893-7 

Observations on the cause of cligohydraminios in prolonged 
pregnancy (Trimmer et al). 1990;163:1900-3 

Prediction of residual trophoblastic tissue in first-trimester 
abortions: the role of transvaginal Doppler ultrasonog- 
raphy (Reuwen). 1990;163:2024-5 (Letter) 

Prediction of risk for preterm delivery by ultrasonographic 
measurement of cervical length (Andersen et al). 
1990; 163:859-67 

Prenatal diagnosis of a chest wall mass with ultrasonography 
and Doppler velocimetry: a case report (Smith et al). 
1990; 163:567-9 

Relationship between the ovine fetal umbilical artery blood 
flow waveform and umbilical vascular resistance (Irion 
anG Clark). 1990;163:222-9 

Reliability of ultrasonographic formulary in the prediction 
of fetal weight and survival of very-low-birth-weight in- 
fants (Mills et al). 1990;163:1568-74 
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Screening for trisomy 2] with ultrasonographic determi- 
nation of biparietal diameter/femur length ratio (Mar- 
quette et al). 1990;163:1604-5 

Second-trimester ultrasonography: determinants of visual- 
ization of fetal anatomic structures (Catanzarite and 
Quirk), 199);163:1191-5 

Spontaneous resolution of a nuchal fetal cystic hygroma 
diagnosed early m the second trimester of pregnancy 
(Meizner et al) (Letter); (Bronshstein and Blumenfeld) 
(Reply). 1990; 1€3:267-9 

Superiority of the four-quadrant sum over the single-deep- 
est-pocket technique in ultrasonographic identification of 
abnormal! amniotic fuid volumes (Moore). 1990; 163:762- 
7 

Transabdomina: and transvaginal ultrasonography in the 
diagnosis of ectopic pregnancy: a comparative study (Ki- 
vikoski et al}. 1990; 163:123-8 

Transvaginal ultrasonographic detection of congenital 
anomalies in the frst trimester (Cullen et al). 
1990; 163:466-76 

Ultrasonographic assessment of intestinal damage in fetuses 
with gastroschisis: Is it of clinical value? (Lenke et al). 
1990; 163:995-8 

Ultrasonographic assessment of placental abnormahties 
(Jauniaux and Campbell). 1990; 163:1650-8 

Ultrasonographic dating of very early pregnancy (Cadkin 
and McAlpin-Cadkin). 1990; 163:1103 (Letter) 

Ultrasonographic detection of the second-trimester fetus 
with trisomy 18 and trisomy 21 (Ginsberg et al). 
1990; 163:1186-90 

Ultrasonographic diagnosis of a large placental intervillous 
thrombosis asscciated with elevated maternal serum a- 
fetoprotein level (fauniaux et al). 1990;163:1558-60 

Ultrasonographic evaluation of uteroplacental blood flow 
patterns of abnormally located and adherent placentas 
(Guy et al). 1990;163:723-7 

Ultrasonographic fetal weight estimation by an integrated 
computer-assisted system: Can each laboratory improve 
its accuracy? (Thompson et al). 1990;163:986-95 

Ultrasonographic guidence for central venous access 
(Greenspoon) (Letter): (Lee) (Reply). 1990; 163:252 

Ultrasonography’s role in detection of intrauterine syn- 
echiae (Stephens) (Letter); (Valle and Sciarra) (Reply). 
1990; 163:1106-7 

Vaginal probe ultrasonography and ectopic pregnancy 
(Goldstein) (Le:ter); (Stuller) (Reply). 1990; 163:1099-100 

Variation and correlation in human fetal umbilical Doppler 
velocities with feta? breathing: evidence of the 
cardiac-placental connection (Indik and Reed). 1990; 
163:1792-6 


Umbilical arteries 


The association of single umbilical artery with cytogeneti- 
cally abnormal pregnancies (Saller et al). 1990; 163:922-5 

Comparison of umbilical artery pH and 5-minute Apgar 
score in the low-birth-weight and very-low-birth-weight 
infant (Stark et al). 1990;163:818-23 

Effect of tocolytic agents on fetal umbilical velocimetry 
(Wright et al). 1990; 163:748-50 

Fetal umbilical artery Doppler response to graded maternal 
aerobic exercise and subsequent maternal mean arterial 
blood pressure: predictive value for pregnancy-induced 
hypertenston (Hume et al). 1990;163:826-9 

Sources of variability in umbilical artery systolic/diastolic 
ratios: implications of Poiseuille equation (Wright and 
Ridgway). 1990;163:1788-91 

Variation and correlation in human fetal umbilical Doppler 
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velocities with fetal breathing: evidence of the cardiac- 
placental connection (Indik and Reed). 1990;163:1792-6 
Umbilical arteries, animal 
Does the umbilical artery systolic/diastolic ratio reflect flow 
or acidosis? (Copel et al). 1990;163:751-6 
Hypoxic acidemia, hyperviscosity, and maternal hyperten- 
sion do not affect the umbilical arterial velocity waveform 
in fetal sheep (Morrow et al). 1990;163:1313-20 
Relationship between the ovine fetal umbilical artery blood 
flow waveform and umbilical vascular resistance (Irion 
and Clark). 1990; 163:222-9 
Umbilical cord 
A comparison of the effect of epidural, general, and no 
anesthesia on funic acid-base values by stage of labor and 
type of delivery (Shyken et al). 1990;163:802-7 
Effects of magnesium and isradipine on contractile activa- 
tion induced by the thromboxane A, analog U46619 in 
human uteroplacental arteries in term pregnancy (Skajaa 
et al). 1990; 163:1323-33 
Sources of variability in umbilical artery systolic/diastolic 
ratios: implications of Poiseuille equation (Wright and 
Ridgway). 1990;163:1788-9] 
Umbilical veins 
Acute fetal hemodynamic alterations after intrauterme 
transfusion for treatment of severe red cell alloimmuni- 
zation (Moise et al). 1990;163:776-84 
Umbilical velocimetry; see Flowmeters 
Universal screening; see Mass screening 
Ureaplasma 
Cervicovaginal microflora and pregnancy outcome: results 
of a double-blind, placebo-controlled trial of erythro- 
mycin treatment (McGregor et al). 1990;163:1580-91 
Urinary calcium; see Calcium 
Urinary incontinence 
The effect of large uterine fibroids on urinary bladder fune- 
tion symptoms (Langer et al). 1990;163:1139-41 
Urinary incontinence, stress 
The effect of large uterine fibroids on urinary bladder func- 
tion symptoms (Langer et al). 1990;163:1139-41 
Retropubic long-needle suspension procedures for stress 
urinary incontinence (Varner). 1990;163:551-7 
Suprapubic or vaginal procedure (Cabrera et al) (Letter); 
(Bergman et al) (Reply). 1990; 163:2025-6 
Uterine catheterization 
Alteration of 24-hour rhythms in myometrial activity in the 
chronically catheterized pregnant rhesus monkey after a 
6-hour shift in the light-dark cycle (Figueroa et al). 
1990; 163:648-54 
Uterine contraction 
The effect of amnioinfusion on uterine pressure and activ- 
ity: a preliminary report (Posner et al). 1990;163: 
813-8 
Gestational changes in mechanical properties of skinned 
muscle tissues of human myometrium (Izumi et al). 
1990; 163:638-47 
A new tocolytic agent: development of an oxytocin antag- 
onist for inhibiting uterine contractions (Wilson et al). 
1990; 163:195-202 
Studies of the spontaneous motility and the effect of his- 
tamine on isolated myometrial strips of the nonpregnant 
human uterus: the influence of various uterime abnor- 
malities (Martinez-Mir et al). 1990;163:189-95 
Uterine contraction, animal 
Inhibition of spontaneous uterine contractions during the 
last trimester in pregnant baboons by an oxytocin antag- 
onist (Wilson et al). 1990;163:1875-82 


Subject index 2111 


A mechanism leading to reduced lung expansion and lung 
hypoplasia in fetal sheep during oligohydramnios (Hard- 
ing et al). 1990; 163:1904-13 

Vasodilatory effects of nifedipine, methoxyverapamil, and 
sodium nitroprusside on contractile responses of the ewe 
uterine artery at term pregnancy (Isla and Dyer). 
1990; 163:1337-44 

Uterine hemorrhage 

Oral contraceptives in risk groups: Exclusion or monitor- 

ing? (Guillebaud). 1990;163:443-6 (Supplement) 
Uterine hyperstimulation; see Labor complications 
Uterine neoplasms 

The effect of large uterine fibroids on urinary bladder func- 
tion symptoms (Langer et al). 1990;163:1139-41 

Efficacy and safety considerations in women with uterine 
leiomyomas treated with gonadotropin-releasing hor- 
mone agonists: the estrogen threshold hypothesis ( Fried- 
man et al). 1990;163:1114-9 (Clin. opinion) 

Experience with the EndoPap device for the cytologic de- 
tecuon of uterine cancer and its precursors: a comparison 
of the EndoPap with fractional curettage or hysterectomy 
(LaPolla et al). 1990;163:1055-60 

Preoperative evaluation of serum CA 125, TAG 72, and CA 
15-3 in patients with endometrial carcinoma (Soper et al). 
1990; 163:1204-9 

Uterine prolapse 

A vesicovaginal fistula and intravesical foreign body: a rare 
case of the neglected pessary (Goldstein et al). 
1990; 163:589-91 

Uterine rupture 

Catastrophic complications of previous cesarean section 
(Chazotte and Cohen). 1990;163:738-42 

Intrapartum uterine rupture and inflammatory bowel dis- 
ease (Peterson and Braak). 1990;163:1247-8 

Rupture of unscarred uterus in primigravid woman in as- 
sociation with cocaine abuse (Gonsoulin et al). 
1990; 163:526-7 

Uteroplacental blood flow; see Placenta 
Uterus 

The effect of amnioinfusion on uterine pressure and activ- 
ity: a preliminary report (Posner et al). 1990;163: 
813-8 

Experience with the EndoPap device for the cytologic de- 
tection of uterine cancer and its precursors: a comparison 
of the EndoPap with fractional curettage or hysterectomy 
(LaPolla et al). 1990;163:1055-60 

Laparoscopic ventrosuspensions (Yoong). 1990;163:1151-3 

Modified laparoscopy for monitoring transcervical surgery 
(Lin and Iwata). 1990; 163:243-4 (Letter) 

Studies of the spontaneous motility and the effect of his- 
tamine on isolated myometrial strips of the nonpregnant 
human uterus: the influence of various uterine abnor- 
malities (Martinez-Mir et al). 1990;163:189-95 

Uterine artery estrogen receptors in the nonpregnant and 
pregnant guinea pig (Leiberman et al). 1990;163:1685-8 

Uterus, animal 

Vasodilatory effects of nifedipine, methoxyverapamil, and 
sodium nitroprusside on contractile responses of the ewe 
uterine artery at term pregnancy (Isla and Dyer). 
1990; 163:1337-44 


V 


Vacuum extraction 
Risk factors for third-degree and fourth-degree perineal 
lacerations in forceps and vacuum deliveries (Combs et 
al). 1990;163:100-4 
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Vagina 
Endometrial assessment by vaginal ultrasonography before 
endometrial sampling in patients with postmenopausal 
bleeding (Goldstein et al). 1990; 163:119-23 
Vaginal diseases 
Bacterial vaginosis: diagnostic and pathogenetic findings 
during topical clindamycin therapy (Livengood et al). 
1990; 163:515-20 | 
A follow-up study of methods of contraception, sexual ac- 
tivity, and rates of trichomoniasis, candidiasis, and bac- 
terial vaginosis (Barbone et al). 1990;163:510-4 
Vaginitis 
Bacterial vaginosis: diagnostic and pathogenetic findings 
during topical clindamycin therapy (Livengood et al). 
1990; 163:515-20 
Bacterial vaginosis and trichomoniasis vaginitis are risk fac- 
tors for cuff cellulitis after abdominal hysterectomy (So- 
per et al). 1990;163:1016-23 
A follow-up study of methods of contraception, sexual ac- 
tivity, and rates of trichomoniasis, candidiasis, and bac- 
terial vaginosis (Barbone et al). 1990; 163:510-4 
Valve prosthesis; see Heart valve prosthesis 
Vanable decelerations; see Heart rate, fetal 
Vancomycin, adverse effects 
Toxicity of vancomycin given during pregnancy (Gouyon 
and Petion) (Letter); (Reyes and Ostrea) (Reply). 
1990; 163:1375-6 
Varicella-zoster virus 
Extensive vulvar and vaginal varicella necessitating abdom- 
inal delivery (Sites et al). 1990;163:1630-1 
Vasa previa; see Placenta praevia 
Vascular access ports; see Catheters, indwelling 
Vascular resistance 
Response of placental vasculature to high glucose levels in 
the isolated human placental cotyledon (Roth ic al). 
1990; 163: 1828-30 
Vascular resistance, animal 
Maternal and uteroplacental hemodynamic effects of 
chronic captopril tn the hypertensive, term-pregnant rat 
(Mabie et al). 1990;163:1861-7 
Relationship between the ovine fetal umbilical artery -blood 
flow waveform and umbilical vascular resistance (frion 
and Clark). 1990;163:222-9 
Vasopressin; see Argipressin 
Oxytocin and vasopressin binding sites in human and bovine 
ovaries (Fuchs et al). 1990;163:1961-7 
Vein of Galen; see Cerebral veins 
Velocimetry; see Flowmeters 
Venous access; see Catheters, indwelling 
Verapamil 
Vasodilatory effects of nifedipine, methoxyverapamil, and 
sodium nitroprusside on contractile responses of the ewe 
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uterine artery at term pregnancy (Isla and Dyer). 
1990; 163:1337-44 
Vesicovaginal fistula 
A vesicovaginal fistula and intravesical foreign body: a rare 
case of tne neglected pessary (Goldstein et al). 
1990;163:539-9 ] 
Viability of fetus; sce Fetal viability 
Vibroacoustic stimulation; sec Acoustic stimulation 
Vision disorders 
Neuroophthalmologic effects of intravenous magnesium 
sulfate (Digre et al). 1990;163:1848-52 
Vitamin C; see Ascorbic acid 
Vitamin E 
Vitamin E levels in premenstrual syndrome (Chuong et al). 
1990;163:1591-5 
von Hippel-Lindau disease; see Hippel-Lindau disease 
von Willebrand factor 
Hemostasis prefle in women taking low-dose oral contra- 
ceptives (David et al). 1990;163:420-3 (Supplement) 
Vulvar diseases 
Autogenic masculinization (Punch and Ansbacher). 
1990;163:114-6 
Vulvar ulcer of unknown etiology in a human immunode- 
ficiency virus—infected woman: response to treatment 
with zidovudine (Covino and McCormack). 
1990; 163:116-8 
Vulvar neoplasms 
Invasive carcincma of the vulva (Cavanagh et al). 
1990;163:1007-15 


W 


Webster vs Reproductive Health Services; ‘seeJurisprudence 
Wilson’s disease; see Hepatolenticular degeneration 


X 


X chromosome l 
Cytogenetic uncertainties surrounding the fragile X in Mar- 
tin-Bell syndrome (Sindwani and Verma). 1990;163:1713- 
4 (Letter) 


Zidovudine 
Transplacental transfer of zidovudine in the near-term 
pregnant baboon (Hankins et al). 1990;163:728-32 
Vulvar ulcer cf unknown etiology in a human immunode- 
ficiency virus—infected woman: response to treatment 
with zidovudine (Covino and McCormack). 
1990; 163:116-8 
Zinc - 
Zinc, preeclampsia, and y-aminobutyric acid (Brophy). 
1990; 163:242-3 (Letter) 





-Outstanding Obstetrics-Gynecology practice opportunity! 


Located on Ohio’ S North coast with the best of four seasons 
ina city with excellent schools and cultural attractions. 


600+ bed tertiary care medical center. Comprehensive services 
provided in a growing OB/GYN department. Excellent clinical and 
diagnostic facilities.. Very competitive financial package 
available for qualified BE/BC Ponca 


Interested individuals may send CV in confidence to: 
Ellen F. Yunker | 
Manager, Physician Recruitment, 

St. Vincent Medical Center 

- 2213 Cherry Street 

Toledo, OH 43608-2691 
or call (419) 321-4462 

































aX F; SEE vine zN pg ay PESIAR TA R S WEYN A SIEN, PAR 

+ x k x! 2 tA Oa Y " 4 * “ye be S 5 ae ta Á 
patai Sony APAS ee "er is Oe PELE bl et Nae frees roe Abs p SASS Levee APY 
OAS > 


rt ERAN vs 
ee 


7 Join The 
rts of Choice | 


Southern California Permanente Medical Group (SCPMG) is recognized as the nation’s © 
largest and most respected physician-managed, multi-specialty medical group. 





California. 








Our continued growth has created new opportunities for: 


OBSTETRICIANS & GYNECOLOGISTS | - CHIEF OF SERVICE 

You'll have a choice of professional environments ranging An excellent opportunity for an’ experienced OB/GYN 
from a 250-bed community hospital to a major teaching practitioner to lead an established and growing practice at 
facility in a number of prime Southern California locations. our Panorama City Medical Center.-You'll be responsible for 

= Our active practices require proficiency in modern supervising 20 OB/GYN Physicians, a Perinatologist, 8 
ultrasound and surgical techniques. Certified Nurse Midwives and 4 Nurse Practitioners. This 

| | team of professionals will handle ‘approximately 3000 

"deliveries per year. 
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SCPMG provides the reeda technology and resources to focus on quality patient care and the sellaboraiive support of 
knowledgeable colleagues. We also provide a highly competitive salary, paid malpractice and predictable hours. 
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tl KAISER PERMANENTE Call or send your CV to: p 
KA A Southern California Permanente Irwin P. Goldstein, M.D., Associate Medical Director Mi 
Dall Medical Group E SCPMG, Dept. 006 X 


Walnut Center, Pasadena, CA 911 88-801 3 
Partners Practicing Good Medicine Or Call: 1-800-541-7946 


RESIDENCY IN 
OBSTETRICS/ 
GYNECOLOGY 


The Department of ‘Obstetrics and 


Gynecology at Akron City Hospital has 


an.AGGME approved position avail-' 


able at the PGY-2 level beginning im- - 
mediately. Applicants must have re- 
ceived one year of Obstetrics/Gyne- 


cology training ina ACGME approved 


training program. 


Send letter. of- ean and- cu. | 


riculum to: 


‘John: Karlen, M. D. 
Chairman and Residency Director 
_ Akron City Hospital 
525 East Market Street 
= Akron, Ohio 44309 . 
Akron City Hospital is an equal oppor- — 
tunity affirmative action employer. 


Finger Lakes Region _ 
lthaca, New York 


Unique opportunity for patient oriented phy- 


sician in comprehensive OB- GYN service, 


building on established patient base of 6,000. 


patients. To include out-patient gynecology, 
obstetrics, surgery, infertility, and abortions. First 
call protection: from nurse-midwives. Progres- 
sive university community (home: of Cornell 
: University) offers cultural attractions of a city with 
the benefits of small town living. Competitive 
salary, excellent benefits including rma pradiico. 
Summer/Fall 1991." oe z 


Send. CV To: Joyes Leslie, M.D., Planned Par- ` 
enthóod of Tompkins Cou inty, 31 4 W. State St., l 


Ithaca, NY 14850. 


m) Planned Parenthood 


of TRR County 





- OBSTETRICIAN/ 
GYNECOLOGIST 


| Large, “independent multi-specialty 
- group in Minneapolis-St. Paul met- 


ropolitan area seeks additional BC/BE 
obstetrician/gynecologists to join chal- 
lenging, established practice span- 
ning the full range of obstetrics and 


gynecology. Competitive salary and 
benefit package. Send inquiries and 
| curriculum: vitaes to: 


Nancy Borgstrom 
- Administration 
~ Aspen Medical Group 
1020 Bandana Boulevard West 
~ St. Paul, MN 55108 
(612) 641-7185 


Equal Opportunity Employer 


PROFESSOR AND DIRECTOR 


DIVISION OF GYNECOLOGIC 


“ONCOLOGY 


A full time faculty position is available for Pro- 
', fessor, and Director of the Division of Gyneco- 


logical Oncology 1 April 1991: Excellent op- 


-= portunities exist for teaching and research. A 
` -new University Hospital opened in November, 


1989. The division has an active clinical ser- 
vice in Parkland Memorial Hospital, and is 
involved in multiple GOG protocols. There is 
an approved 3-year fellowship program and 
the first year consists of laboratory research. 


Salary and faculty appointment are commen- 


- gurate with curriculum vitae and experience. 


Board certification in. gynecological oncology 
required. Direct all inquiries to: David Hem- 
sell, M.D., Chair, Search Committee, Depart- 
ment Obstetrics & Gynecology, University of 
Texas Southwestern Medical Center at Dal- 
las, 5323 Harry Hines Boulevard, Dallas, TX 
75235-9032. An affirmative action/equal op- 
portunity employer. 


FULL-TIME FACULTY 
OB/GYN GENERALIST 


The Department of Obstetrics and Gynecol- 
ogy of the Bowman Gray School of Medicine 
of Wake Forest University is seeking an addi- 
tional generalist. The position involves pri- 
mary responsibility in General Gynecology 
with teach.ng and supervision of residents 
and students in a clinical setting and some 
private practice. There is opportunity for par- 
ticipation ir both clinical and basic research. 
The Bowman Gray School of Medicine is lo- 
cated in the Piedmont Triad of North Carolina 
in an area offering an unusual diversity of 
cultural and recreational amenities. 
Competitive salary, fringe benefit package 
and academic appointment are offered in ac- 
cordance with experience. Send CV to: 
Eberhard Mueller-Heubach, M.D. 
Professor and Chairman- 
Department of Obstetrics and Gynecology 
Bowman Gray School of Medicine 
Wake Forest University 
300 South Hawthorne Road 
Winston-Salem, NC 27103 
The Wake Forest University is an equal op- 
portunity affirmative action employer. Women 
and minoritigs are encouraged to apply. 


Relocate to sunny Southern California. 


Christian Hospital Medical Center is an acute 
care facility located in one of the fastest grow- 
ing areas wich young families and industry. 


Opportunities available for OB/GYN physi- 
-cians in our new women’s program from pre- 
natal through postpartum starting December 
1990. Be a part of our innovative professional 
team including complete medical and educa- 
tional services. These positions boast a com- 
petitive benefits package and practice condi- 
tions. 


The Christian Hospital Medical Center is 
situated in a growing area within easy reach 
of Riverside and San Diego, thus offering the 
best of small town hospitality and large city 
convenience. Loma Linda is with easy com- 
muting distarice for high risk clients. 


Please feel free to send your confidential re- 
sume to: 


Administrator l 
Christian Hospital Medical Center 
2224 Medica! Center Drive 
Ferris, CA 92370 
Phone (714) 657-7381 
Fax 714 943-3306 


BRIDGEPORT HOSPITAL 
Bridgeport, Connecticut 


DEPARTMENT OF OB/GYN 
is seeking a full time 
3rd PERINATOLOGIST 


The department performs approximately 3000 de- 
liveries/ year, with an additional 3000 deliveries 
performed in neighboring Level | hospitals. There 
is an accreditated residency program in Obstetrics 
and Gynecology, along with a Level Ill Intensive 
Care Nursery. The section provides high risk 
obstetrical consultation, obstetrical imaging, gene- 
tic counseling. There is a close affiliation with the 
Yale Department of OB/GYN and abundant oppor- 
tunities for clinical research. 


We are looking for a BC/BE individual with an in- 
terest in clinical perinatology and a strong back- 
ground in perinatal genetics to complement our 
existing services. The salary and benefits offered 
by the institution are extremely competitive and 
Fairfield County is an attractive place to live and 
raise a family. 


Interested candidates should send their CV to: 


Robert J. Stiller, M.D. 
Director, Maternal-Fetal Medicine 
Bridgeport Hospital 
267 Grant Street 
Bridgeport, CT 06610 
(203) 384-3544 


OB-GYN 


70-Doctor multispecialty group 
seeking a board certified/eligible 
Obstetrician-Gynecologist by 
June 1991 to associate with 4 
MDs in an established practice. 
Well-equipped offices in a mod- 
ern expanding facility. Big-10 
University community of 
100,000, superb cultural advan- 
tages, ideal for family. Opportu- 
nity for medical school affiliation. 
Excellent salary and benefits 
with early associateship.. Reply 
with CV: 
Ronald H. Deering 
101 West University Avenue 
Champaign, IL 61820 





COUUMBIA HOSPITAL FOR WOMEN & MEDICALCENTER 


PERINATOLOGIST— 
WASHINGTON, D.C. 


Active, private, OB/GYN/Neonatology 
speciality hospital with over 5,000 de- 


liveries per year is seeking a Peri- 
natologist for our expanding, Division of- 
Maternal Fetal Medicine. We have an ex- — 


cellent 35 bed NICU as well as outstand- 
ing ancillary support and excellent depart- 


ments in other OB/GYN subspecialties... 


Board certified/board eligible candidates 
may send resumes to: © | 


Lee Styles 
Recruitment and Employment Manager 
Columbia Hospital for Women 
- Medical Center 
2425 L Street, NW | 
Washington, D.C. 20037 


Equal Opportunity Employer \ 


MATERNAL- FETAL 
MEDICINE. —_— 
CREIGHTON UNIVERSITY 


Perinatologist needed to join two man Division : 
in growing, rejuvenated Department’ at a 


major Jesuit university. Excellent institutional 


support, two teaching hospitals with good ` 
variety of challenges and 4000 deliveries an- 


nually. Affiliation with Boys Town National Re- 


search Hospital. Metropolitan center. with | 
pleasant weather variety, comfortable life- 


style, and low crime rate. Rank and role in 


the Division negotiable and dependent on ex-. 


perience, interests, and goals to be mutually 
established. Highly eon Say and 
benefits. ; 

Contact: _ 

Richard P. Perkins, M.D. 
Professor of Obstetrics and Gynecology 
Director of Obstetric Programs 
601 N. 30th Street 
Omaha, NE 68131 





: COPLEY 

DELIVERS 
copley iii 
hospital 






' If you do, too, perhaps you’d like to join us. 
You will be joining a medical staff of 38 pri- 
_ Mary care and specialty physicians at one of 

. the finest small (53 sie rural i cl in the 


country. 


_, Progressive, creative and award winning pro- 
> grams have made Copley an important name 


in rural health care. Near Stowe, Vermont, 
our special setting provides natural beauty 
and a variety of activities for an unusual popu- 


_ lation mix—both-country and cosmopolitan. 


Position available immediately for the right 
Board Certified or Board Eligible OB/GYN. If 
you think you're the physician we're looking 
for, send letter of application and curriculum 
vitae to Reginald Lavoie, Vice President of 


+ Planning & Clinical Services, Copley Hospital, 
RR #3, Box 760, Morrisville, Vermont 05661. 


BOARD CERTIFIED 
-OB/GYN 


7 Solo Präctitionet seeks a BE/BC 


associate for growing solo prac- 
tice located in south St. Louis 


~ County, Missouri. Near major in- 


terstates. Attractive new office 
and equipment. Excellent growth 


potential. Salary plus benefits 


first year, leading to partnership. 
Send Curriculum Vitae to: 
‘David E. Dugger, M.D. 
11132 South Towne Sq #104 
ot. Louis, MO 63123 





OB/GYN PHYSICIANS: 


SPEC 


Currently we offer exceptional solo and group op- 
portunities for board certified/board eligible 
OB/GYN Physicians affiliated with DeKalb Medical 
Center. A 500-bed comprehensive care hospital 
serving acomfortable community in suburban At- 
lanta. Site cf soccer’s World Cup in 1992, football's 
Superbowl! n 1994 and the Olympics in 1996, Atlan- 
ta also abounds in cultural and educational 
resources and affords easy access to both moun- 
tain and ocean recreation. Please direct your in- 


quiries and CV’s to: Pamela C. Richards, Director 
Dekalb Decatur Road, 
Employer. 
NNS ON 


of Medical Staff Development, DeKALB MEDICAL 
a Decatur, GA 30033, 
Medical 1-800-562-9721. An 






CENTER, 2701 North 
» Center Equal Opportunity 





Abe REGIONAL 
SAA MEDICAL CENTER 


762 - 14th Street Elko, Nevada 89801 (702) 738-3111 


OBSTETRICIAN/GYNECOLOGIST 


Nevada's oldest multi-specialty clinic seeks BE/ 
BC OB/GYN to join two other OB-GYN’s and 
Nurse Midwife in very busy practice. Lucrative 
opportunity for full range of specialty practice. All 
fee for service ‘with excellent collection ratio. 
Guaranteed salary for six months leading to full 
partnership. Comprehensive benefit package in- 
cluding malpractice insurance. Elko is a thriving 
community surrounded by mountains and wilder- 
ness areas. Recreation year round. Please send 
C.V. to: 


Cherie Atwood, Administrator 
Elko Regional Medical Center 
762-14th Street 

Elko, Nevada 89801 

(702) 738-3111 












OBSTETRICIAN 
GYNECOLOGIST 


Fish Memorial Hospital, New Smyrna Beach, 
Florida, located on the Florida East Coast is 
seeking a full-time, Board Certified/Eligible 
Obstetrican/Gynecologist to establish a solo 
practice or partnership with an existing OB/ 
GYN physician. The hospital is a 116 bed 
JCAHO accredited facility, in the process of 
renovating its OB unit. Located 20 minutes 
south of Daytona Beach and 1 and 1/2 hours 
away from the Walt Disney/Oriando area. An 
excellent opportunity exists to develop a fi- 
nanciaily and professionally rewarding prac- 
tice. A competitive relocation and financial 
package is available. For more information 
please contact: 


Carl Abdalian, Administrator 
Fish Memorial Hospital 
401 Palmetto Street 
New Smyrna Beach, Florida 32168 
904-427-3401 


Life. 


It’s our life’s work. 


If your mission in life is to practice the ideals of medicine 
without administrative demands, we invite your inquiry. 


Group Health Plan in St. Louis is a staff model HMO that 
promotes the ideals of private practice while freeing 
doctors from the financial baggage of the private practi- 
tioner. 


Group Health Plan isn't for every physician. Just for those 
few who want to practice medicine without compromise. 


For an interview please talk with the Medical Recruiter at 
(314) 993-5955. Or write Group Health Plan, 11475 Olde 
Cabin Road, St. Louis, Mo. 63141. An equal opportunity 
employer. 


GROUP HEALTH PLAN 





CHAIR, DEPARTMENT OF 
OBSTETRICS AND GYNECOLOGY 


The Allentown Hospital—Lehigh Valley Hospital Center 
(TAH-LVHC), an 830-bed regional tertiary care teaching 
hospital is seeking an OB/GYN Chair. The hospital has 33 
active OB/GYN staff physicians, including a gynecologic 
oncologist and reproductive endocrinologist. The-current 
Chair, who will be leaving at the end of this year, is a 
perinatolagist. The hospital is currently recruiting a 
maternal-fetal subspecialist. TAH-LVHC is a regional Level 
(li Perinatal Center and a clinical campus of Hahnemann 
University in Philadelphia. Of over 3,300 births in 1989, 42% 
were in the high-risk category. The department is SU ported 


by a 20-bed Level Ill NICU and has an active OB/GYN clinic 


which experienced over 8,000 visits in 1989. 


NEWLY-CREATED POSITION OF 


VICE CHAIR/DIRECTOR | 
o OF EDUCATION. 


In response to the continuing growth of the community and 
the expansion of the OB/GYN Department, TAH-LVHC is 
seeking ‘its first full-time OB/GYN Vice Chair/Director of 
Education. The hospital has a fully-approved free-standing 
Residency Program with eight American-trained residents. A 
total of 70 residents and 400 medical students are trained at 
the hospital each year. 


The hospital is located in Allentown, a cosmopolitan city one 


hour north of Philadelphia and one ‘and one-half hours west: 


of New York City. Interested board-certified candidates may 
send a curriculum vitae, in confidence, to Headley S. White, 


Jr., M.D., Sr. V.P., Medical and Academic Affairs, c/o. 


HealthSearch, 50 College Drive, Suite 323, Allentown, 
PA 18104. (21 5)778- ii | 


MATERNAL-FETAL 
MEDICINE SPECIALIST 


Join existing Maternal-Fetal Medicine Spe- 
cialist and practice at Methodist Hospital of | 
Indiana. Candidates must be fellowship ` 
trained in Maternal- Fetal Medicine or Peri- 
natology. 

indianapolis hospital has over 1,100 bads: a 
Level Ill nursery, and a Pediatric ICU. This is 
an extremely busy, existing practice which 
also offers the opportunity for academics/re- 
search. 

Compensation includes salary from Methodist 
Hospital plus private practice income.. Total 
package of over $200,000 for the first year. 
Generous benefits package available. All in- 
terviewing and relocation expenses paid. 
Send CV or call: 


Greg E. Flowers 
JACKSON AND COKER, INC. 
115 Perimeter Center Place ` 
Suite 380 AJOGO 


Tel. 1-800-544-1987 ANDCOKER 








PERINATOLOGIST 


Outstanding practice opportunity for a 
BC/BE perinatologist to join an estab- 
lished practice at lowa’s largest private 
teaching medical center. The hospital, a 


state designated Level |I! Perinatal 


Center, averages over 2,000 deliveries 
annually and has an active maternal and 
neonatal transport system. The medical 


center's Level III Neonatal Intensive Care 


Unit is staffed by four board certified neo- 
natologists. Complete laboratory facilities 
are available including cytogenetic 
analysis of both amniotic fluid and tropho- 
blastic tissue. The Antepartum Testing 
Unit is-equipped with computer-based fe- 
tal monitors and a color flow Doppler ultra- 
sound unit: Excellent financial and life- 


. Style opportunities are available to the 


qualified candidate. Please call 515/ 
283-5911 or send CV to Mariann Clark, 


. Medical Search Consultant, 1200 Pleas- 
-ant Street, Des Moines, IA 50309. 


Loyola University Chicago 
Faculty Positions 


Maternal Fetal Medicine 
Board Certified/Board eligible physician 


-to join S person academic group perinatal _ 
‘practice as a full time faculty member in 


the Department of Obstetrics and Gyne- 


cology. 


OB/GYN Generalist 


Outstanding opportunity for OB/GYN 
Board eligible/Board Certified physician 
who is interested in a full time academic 
position. 


Contact: 


John H. Isaacs, M. D., Ghaimak 

Obstetrics and Gynecology Recruitment 
Committee 

Loyola University Chicago 

2160 South First Avenue 

Maywood, Illinois 60153 

(708) 216-3383 





LAKE MICHIGAN AREA 


OB/GYN to join another OB/GYN in mul- 
tispecialty group or choose the option to 
go solo with coverage. There are only 5 
OB/GYN’s covering a 215,000 service 
area. Practice is located on Lake Michi- 
gan and is only 90 minutes from Chicago 
in Southwestern Michigan. 


330-bed hospital had 1,300 deliveries last 
year. Facilitiss include 4 LDR’s, a 24- 
hour, in-house Anesthesia (Epidural Ser- 
vice), and a Level II nursery. Send CV or 
call: 


Ken Sammut 
JACKSON AND 
COKER, INC. 
115 Perimeter Center Place | 
Suite 380 AJOGO 
Atlanta, GA 30346 


1-800-544-1987 JACKSON 


ANDCOKER 


Ambulatory 
Gynecologist 


Marshfield Clinic's Department of OB/GYN is ex- 
panding and is see<ing a board-certified obstetrician/ 
gynecologist for a new Ambulatory Gynecology posi- 
tion. Primary responsibilities Include walk-in ambula- 
tory patients, performance of diagnostic office proce- 

_dures, directing the departments’ physician extender 
clinic, and initial infertility evaluations, No OB or GYN 
call; no obstetrical care. Marshfield Clinic is a 350 
physician multi-specialty private group located in a 
thriving family-oriented community in central Wiscon- 
sin. Please send curriculum vitae to: 


George L. Hill, M.D. 
Chairman OB/GYN Department 


1000 North Oak Avenue 
Marshfield, WI 54449 


or call collect 
(715) 387-5161 


Marshfield Clinic 


Tertiary affiliated, community teaching 
hospital, in Western Suburb of Chicago, 
with OB/GYN residency training program, 
seeks aggressive young BE/BC OB/GYNs 
to establish in private practice, in our soon 
to be developéd primary care center. Come 
join us in entering a market where the needs 
of Women’s Healthcare continue to go 
unfulfilled. If teaching is of interest, our pro- 
gram is for you, offering the opportunity to 
assist in meeting the training requirements 
of our residents in your area of expertise. We 
offer attractive financial support to assist you 
in the quick and successful development of 
your private practice. Send CV in confi- 
dence to: 


PO. Box 3514 
Oak Brook, IL 60522-3514 


FACULTY POSITION 
MATERNAL-FETAL 
MEDICINE 


The Department of Obstetrics and Gynecol- 
ogy, Eastern Virginia Medical School, is ex- 
panding its Division of Maternal-Fetal Medi- 
cine. A full time faculty position at the Assis- 
tant or Associate Professor level is available 
for a candidate who is Board eligible/certified 
in this subspecialty. The job description calls 
for at ieast 50% of the time reserved for clinical 
and/or basic research. The Division, with its 
Board approved fellowship, serves a popula- 
tion of over one million as the only perinatal 
center in the Eastern Virginia region. Call or 
send CV to: 


Donald L. Levy, M.D. 
Professor and Director 
Division of Maternal-Fetal Medicine 
Eastern Virginia Medical Schoo! 
825 Fairfax Avenue 
Norfolk, Virginia 23507 
(804) 628-7300 





Well established multi-specialty prepaid 
group practice seeks BC/BE OB/GYN 
physicians for two of our SUBURBAN 
BOSTON health centers. Reasonable 
work and coverage schedules. Attrac- 
tive well-equipped facilities located 
within reasonable distance of ski 
resorts, beaches, and academic and 
cultural centers. Excellent compensa- 
tion and fringe benefits package includ- 
ing full malpractice coverage. Send C.V.. 


to Director of Professional Human 


Resources, Medical East Community 
Health Plan, Ste. 200, 99. Darby 
Street, Hingham, MA on or 
call collect 617-740- 6000. | 


‘Medical East = 


Community Health Plan j 
O) g A BLUE CROSS & BLUE SHIELD HMO `- 
® 


We are an equal opportunity/affirmative action employer | 


OB/GYN - BC/BE to- join - 
respected multi-specialty 
group in medium-sized mid- 
_ western college community.. 
£ Busy Ob/Gyn practice seek- 
‘ing to enhance current ser- 
vices in market of 90,000 ad- 
jacent to metropolitan area 
and medical schools. Excel- 
lent benefits and competitive 
salary leading to partnership 
opportunity. Please contact 
Gerald Keasling, M.D., Fre- 
mont Medical Associates, 
2350 North Clarkson St., 
~Fremont, NE 68025 or call 
402/721-3133. 





OBSTETRICIAN 
GYNECOLOGIST 


T Western Massachusetts staff model Health Main- 


tenance Organization is seeking two full-time, 
Board Certified/Board Eligible Obstetrician/Gyne- 
cologists to join our expert staff of five physicians 
‘and five midwives. 


Our multi-specialty group practice employs 70 full- 
time physicians and provides care for a member- 
ship of over 65,000 patients in our modern 
suburban facilities. Inpatient care is provided at a 
900-bed Tufts affiliated teaching hospital. 


Attractive Pioneer Valley location with fine edu- 
cational, cultural and recreational opportuni- 
ties. Excellent salary and comprehensive 
benefit program. Please send curriculum vitae 
to: Oded Rencus, M.D., Chief of OB/GYN, 305 
Bicentennial Highway, Springfield, MA 01118 or 
call (413) 594-3111. 


Medical West 
GP) actus cn Health Pian 
g: BLUE CROSS & BLUE SHIELD HMO 


© Wearean equal opportunity/affirmative action employer 





‘MATERNAL-FETAL MEDICINE 


The Allentown Hospiial—Lehigh Valley Hospital Center, an 


i 830-bed tertiary care center in eastern Pennsylvania, is 


seeking a physician to direct the maternal-fetal service 


{including Level II ultrasound and antenatal fetal diagnostic 


procedures) and provide leadership and medical education 
in maternal-fetal medicine. Applicants should be board- 
certified or active candidates for certification in maternal- 


| fetal medicine. 


TAH-LVHC sponsors a fully accredited OB/GYN 
Residency Program and is a clinical campus of 
Hahnemann University in Philadelphia, where the 
successful candidate will be eligible for faculty appointment. 
The hospital is a referral center for a population of close to 
one million people and is a Level lil Perinatal Center; of 
over 3,300 daliveries performed last year, 42% were 
designated high-risk. The department is supported by a 20- 
bed Level tll NICU and also provides a full range of 
services to women with subspecialists in both reproductive 
endocrinology and gynecologic oncology. (Our current 
maternal-fetal subspecialist, who is our department Chair, 
will be leaving at the end of the year.) 


The hospital is located in Allentown, a prosperous and 

desirable area with excellent schools and diverse cultural 

and recreational opportunities, one hour north of 

nee and one and one-half hours west of New York 
ity | 


Please submit a curriculum vitae, in confidence, to: 
Headley S. White, Jr., M.D., Sr. V.P. Medical and 
Academic Affairs, c/o HealthSearch, 50 College 
Drive, Suite 325, Allentown, PA 18104, (215) 
778-7993. Equal Opportunity Employer. 


OB/GYN CHIEF 


The Department of Gynecology and 
Obstetrics at The Union Memorial 
Hospital is currently accepting appli- 
cations for the position of Chief of 
Gynecology and Obstetrics and direc- 
tor of a fully accredited residency train- 
ing program. Union Memorial is a 350 
bed teaching hospital in Baltimore, 
Maryland. Applicants must be board 
certified in OB/GYN with subspecialty 
boards preferred, have administrative, 
clinical, teaching, and research ex- 
perience. For confidential consider- 
ation, please send CV to: | 


Marcella Roenneburg, M.D. 
The Union Memorial Hospital 
201 E. University Parkway 
Baltimore, Maryland 21218 


NORTHERN CALIFORNIA 


The Permanente Medical Group, a growing multispecialty 
group, is recruiting physicians in a variety of specialties for 
positions throughout our beautiful Northern California 
region: the San Francisco Bay Area, Sacramento and the 
Central Valley. 


Obstetrician/Gynecologist 


seeking a BC/BE Obstetrician/Gynecologist to provide out- 
patient care in our Pleasanton medical office building and 
inpatient care at the Kaiser Hospital/Walnut Creek. Position 
involves supervision. of NPs. Academic affiliation available. 
Enjoy easy access to the recreational and cultural activities 
of the San Francisco Bay area. We offer competitive salary 
and an excellent benefits package including full coverage 
malpractice insurarce, medical, dental and group life 
insurance, vacation, educational leave and an excellent 
retirement program. 


For more information, send CV to: Patrick Golden, M.D., The 
Permanente Medica! Group, Inc., 5600 Stoneridge Mall 
Road, Pleasanton, CA 94588. EOE 


“at 


KAISER PERMANENTE 


Good People. Good Medicine. 


OBSTETRICIAN/GYNECOLOGIST 


Opportunity for a Board Certified/Board Eligi- 
ble OB/GYN physician to join a thriving prac- 
tice in existence for over 20 years. This group 
recently limited their practice to gynecology. 
However, they are seeking an associate de- 
sirous of performing both OB and GYN with 
plans-to add another OB/GYN within one year. 
Call coverage will be provided. Teaching op- 
portunities are also available in conjunction 
with Mercy hospital based Family Practice 
Residency Program. _ 


This pracice offers a generous guaranteed 
salary. Excellent benefits are offered includ- 
ing malpractice, family health, and disability 
insurance, overhead expenses, moving ex- 
penses, and much more! 


This area of the Great Lakes region offers a 
host of social, cultural, recreational, and sport- 
ing activities. l 

For further details about this exciting practice 
opportunity, please contact or forward C.V. 
to: Wendy Tossell, Physician Development 
Manager, Mercy/St. Charles Hospital, 2600 
Navarre Avenue, Oregon, Ohio 43616 (419) 
698-7645. 


GEORGIA 


Excellent opportunity for Board Cer- 
tified/Board Eligible OB/GYN to join 
38-member, multispecialty group. 
Practice offers established referral 


_base with tremendous growth oppor- 


tunity. Just one hour from Atlanta, 
Georgia. Guaranteed minimum 
$125,000 salary plus benefits, and 
1 in 3 call. Send CV or call: 


Brad Peters 
JACKSON AND 
COKER, INC. PO 
115 Perimeter P 
Center Place 
Suite 380 AJOGO JACKSON 
Atlanta, GA 30346 E 
1-800-544-1987 








The- Michael Reese Health Plan; a large walk | 
establisned HMO serving its members in 20 Health’ 
Centers throughout the Chicago Metro area, is seek- 
ing additional Board neers physicians i in 


Obstetrics _ 
Gynecology 


_ Physicians with the Health Plan enjoy a full practice 
~ with modern facilities and equipment as well as op- | 
portunities for teaching. All specialty ane 
available. 

A highly- -competitive salary and excellent benefits” 
complement a rewarding. practice and lifestyle. 
Interested applicants should address i neues to: 


Alfred Kendrick, M.D. 

Medical Affairs 

MICHAEL REESE HEALTH PLAN. 
2545 King Drive, Chicago posg 
or call (312) 808- 4551 . 


Michael Reese Health Phn 


an equal opportunity emplo yer m/fth 





OBSTETRICIAN’ | 
GYNECOLOGIST __ 
Opportunity for a qualified'OB/GYN physi- 


cian to join the staff of the Medical Center . 
of Delaware beginning July 1, 1991. - 


Responsibilities include treating patients | 
in four area clinics and i ese of res- . 
idents. | 


Generous salary and benefits package in- 
cludes Professional Liability . insurance, 
vacation, health insurance coverage, 
dental and prescription plans. Newark, 
Delaware is in close proximity to Phila- 
delphia and Baltimore, sports, cultural 
events, theatre, and shopping. 
Please direct inquiries and C.V. to: . | 
Medical Center of Delaware 
c/o Garrett H.C. Colmorgen, M.D. 
Obstetrics and Gynecology - 
Maternal/Fetal Medicine 
4755 Ogletown-Stanton Road 
~P.O. Box 6001 
Newark, DE 19718 





aval 


PERINATAL ASSOCIATES OF 
NORTHERN CALIFORNIA 


Are you a Clinical perinatologist? We are 


three perinatologists and one geneticist- 


OB/GYN looking for one more peri- 
natologist who: desires superior environ- 


-~ ment for patient care, in a private, mod- 


ern, level 3 facility doing 6,000 deliveries 
a year with superior perinatal outcome; 


likes personal, direct hands-on patient 


care: needs PUBS, IUTxF, CVS and com- 


‘plicated pregnancies, level 2 ultrasound; 
“demands partners, not superiors; wants 
- to live in clean, warm, not humid, snow- 
. free (but 60 minutes from skiing) Sacra- 


mento, California; feels one’s family has 
priorities, and is committed to the private 


_. practice of medicine. If really interested 
- call (916) 733-1755, extension 2773. 


Hanns C. Haesslein, M.D. 
Perinatal Associates 
of Northern California 
5301 F. Street 
sacramento, California 95819 


‘REPRODUCTIVE 
ENDOCRINOLOGY 


The Department of Obstetrics and Gynecol- 
` ogy at Truman Medical Center-University of 


Missouri at Kansas City seeks a board cer- 


-_ tified/board eligible sub-specialist to direct the’ _ 
- Division of Reproductive Endocrinology. This 
| position entails clinical and didactic teaching 


of both residents and medical students, par- ` 
ticipation in current projects and development 


_ of new areas of research. The candidate may 


assume a large office-based practice of sub- 
specialty patients which offers a full range of 
assisted reproductive technologies. The hos- 
pital offers a very generous benefit package. 
Salary, hospital and university appointments 


will be commensurate with experience and 


qualifications. 


Please send resume to: 


Marilyn R. Richardson, M.D. 
Director, Division of 
Reproductive Endocrinology 
Truman Medical Center 
-2301 Holmes Street 
_ Kansas City, Missouri 64108 





OBSTETRICIANS & 
GYNECOLOGISTS | 
MOUNT SINAI SCHOOL OF MEDICINE 


Affiliation has excellent opportunities at Elmhurst 
Hospital Center serving western Queens 
community. Board certified/Board éligible 
candidates will join team-oriented approach 
providing healthcare to challenging patient mix 
in culturally diverse environment, located minutes 
from midtown Manhattan. Responsibilities 
include primary clinical care; routine/high-risk: 





obstetrics; resident, fellow, and student teaching. 


Academic rank granted by School of Medicine 
based on individual credentials. Excellent salary 


and benefits package. Participation in successful 


physician private practice plan. Send c.v..orcalll: 
Jasmin Moshirpur, MD, Director of 


Obstetrics &. Gynecology/Associate | 


Dean-Elmhurst Affairs, Room #C8-1 3, 
(718) 830-1340/1348. 


MOUNT SINAI SERVICES | 
Cp 





ie ~ Elmhurst Hospital Center. 
Ñ cy 79-01 Broadway 
i he Fi Elmhurst, NY 11373 


du An equal opportunity employer 
OF NEW YORK 2 s 


OB/GYN 
SINGLE-SPECIALTY 
GROUP 


ILLINOIS 


OB/GYN needed for an outstanding commu- 
nity of 100,000. Modern office is attached to 
a progressive, 325-bed hospital. Group per- 
forms over 1,000 deliveries per year. New 
Obstetric unit has 9 LDRP’s.. State-of-the-art 


equipment inclues lasers, CT scanner, and 


MRI. 


Community has excellent schools -and a 
strong, growing economy. Enjoy this safe, 
clean living environment. Send CV or call: 


Greg E. Flowers 
JACKSON AND COKER, INC. 
115 Perimeter Center Place EJ 
Suite 380 AJOGO 
Atlanta, GA 30346 
4-800-544-1987 





. JACKSON 








. ANDCOKER 


OBSTETRICIAN-GYNECOLOGIST 


- The Permanente Medical Group, Inc., of San 
` Jose, California is looking for BC/BE physi- 


cians for immediate openings in the OB/GYN 
Department. Positions available either at the 
main facility in San Jose, or at satellite medical 
offices in Gilroy. The young, dynamic, depart- 
ment is still growing and currently has seven- 
teen physicians and two nurse practitioners. 
Our outstanding benefits package includes 
full coverage malpractice insurance. San 


-Jose and Gilroy share excellent access to Bay 


Area cultural and recreational activities. 


Recent salary advances allow extremely com- 
petitive compensation starting with the first 


‘year of employment. 
For more information, please contact: 


Jerome L. Nehemiah, M.D. 
Chief, Department of Ob/Gyn 


' The Permanente Medical Group, Inc. 


260 International Circle 


. San Jose, CA 95119 
-or telephone: 408-972-6180 (collect) 


Perinatology Director 
= Sarasota, Florida 


. Develop a perinatology service in an 


established. 34-bassinet, Level Ill 


-NICU for-850+ bed, full service, pub- 
fic, not-for-profit hospital. Supported 


by 2 neonatologists and 23 active 
obstetricians delivering over 3K 
babies a year. The hospital is only ten 
minutes from prime Florida Gulf Coast 
beaches in a culturally sophisticated 
community of 260K. Serve as primary 


- consultant on all high risk cases. One- 


year guarantee as an independent 
contractor, stipend, superb benefits, 
and relocation assistance. Proven Di- 


rector or Assistant Director with strong 
_ interpersonal skills preferred. Contact 
_. Robin Walker, Tyler & Company, 9040 


Roswell Road, Suite 550, Atlanta, Ga 
30350 or'call 404- 641-641 on 223- 


3659. 
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NORTHERN CALIFORNIA 


The Permanente Medical Group, a growing multispe- 
cialty group, is recruiting for positions in our beautiful 
Northern California region: the San Francisco Bay Area, 
Sacramento and the Central Valley. 


REPRODUCTIVE 
ENDOCRINOLOGIST 


*SANJOSE® 


We are currently seeking a Reproductive nieces 
gist to establish and run a reproductive endocrinology 
subdivision in the department. Duties would include 
the full spectrum of reproductive endocrinology, out- 
patient and surgical management of infertility. Fellow- 
Ship certification would be preferred. The department 
currently has 17 physicians and is still growing. We 
offer a generous benefits package including full cover- 
age malpractice insurance. San Jose has beautiful 
weather and excellent access to Bay Area recreational 
and cultural activities. 


For more information, please contact: Jerome L. 
Nehemiah, M.D., Chief, Department of OB/GYN, The 
Permanente Medical Group, Inc., 260 International 
Circle, Dept. AJOBG, San Jose, CA 95119, or call collect 
(408) 972-6180. EOE ` 


oo 
wz. 
KAISER PERMANENTE 
Good People. Good Medicine. 


| _ p 

Full Time Faculty 
A 

Positions 

The Department of OB/GYN at Temple University 

Health Science Center is seeking Board Certified 


or Board Eligible Obstetrician/Gynecologists ` 
in the following areas: 


MATERNAL-FETAL MEDICINE 
GYNECOLOGIC ONCOLOGY 
REPRODUCTIVE ENDOCRINOLOGY 
GENERAL OBSTETRICS & GYNECOLOGY 


Clinical and academic activities are integrated 
in a department providing tertiary services. 
Newly opened Temple University Hospital 
houses a modern Labor and Delivery Suite and 
large Neonatal Intensive Care Unit. Candidates 
should have an active interest in Research, 
Clinical Practice and Resident and Medical 
Student Education. Salary and academic rank 
commensurate with experience. Submit C.V. 
to: E. Albert Reece, M.D., Chairman, Dept. 

of OB/GYN, TEMPLE UNIVERSITY HEALTH 
SCIENCE CENTER, Broad & Ontario Sts., 
Philadelphia, PA 19140. Equal Opportu- 

nity Employer. 


Choose 


UNIVERSITY 
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OB-GYN 


BC/BE OB-GYN sought for full 
service, 260-bed community 
hospital in San Francisco's 
dynamic South of Market area. 
«Excellent opportunity to join 
busy, growing practice. 
e Competitive salary and bene- 
fits package. 


A P Send C.V. to: 


P o Walter Kopp 
dg ‘> St. Luke’s Hospital 
3555 Army Street 
: san Francisco, CA 94110 


HOSPITAL (415) 641-6543 





Join Our Team 





Here’s your opportunity to relocate to our small, 


_ friendly community high in the beautiful White Moun- 


tains of New Hampshire with year-round recreational ac- 
tivities at your doorstep. 

Weeks Memorial Hospital, in Lancaster, New Hamp- 
shire, offers youa family centered atmosphere in a 49-bed 
acute-care facility, big enough to be exciting, but smal! 
enough to give individual attention. 

We are seeking an Obstetrician/Gynecologist to joir 
our team of family practice physicians and internists. Pul 
your personal satisfaction and career development first. 

Call collect or send your resume to: Administration, 
Weeks Memorial Hospital, RR 1, Box 8, Lancaster, N.H 
03584. 


6 oA z= Memora 
Weeks tospita 


603/788-4911 ext. 303 














University of Texas 
Medical Branch 
Galveston, Texas 

























NORTHERN CALIFORNIA : 
The Permanente Medical Group, a growing multispecialty 
group, is recruiting physicians in a variety of specialties for | 


positions throughout our beautiful Northern California 
region: the San Francisco Bay Area, Sacramento and the 
Central Valley. 


Obstetrician/Gynecologist 


BC/BE Obstetrician/Synecologist sought to join small con- 
genial clinic setting within established pre-paid multi- 
specialty group. Practice consists of general obstetrics and 
gynecology, high risk obstetrics and infertility. Expertise in 
colposcopy, laparcscopy, hysteroscopy and laser are 
welcomed. Association with resident staff and teaching 
opportunities available. 


























The Department of Obstetrics and Gynecology 
_ is currently recruiting for: 


Gynecologic Oncologist 


e Board eligibility or certification in 
gynecologic oncology required. 
Proven record of research and 
commitment to an academic career. 

* Academic rank and salary com- 
mensurate with experience and 


Kaiser Permanente offers competitive salaries and excellent im alifications. 


benefits including “ull coverage malpractice insurance, 
medical, dental and group life insurance, vacation, educa- es ee ee es 
tional leave and an excellent retirement program. . perene Vitae should oe sent to: 


Garland D. Anderson, M.D. 
Jennie Sealy Smith Professor & Chairman 
Department of Obstetrics & Gynecology 
The University of Texas Medical Branch 
Galveston, Texas 77550-2776 



















For more information, send CV to: Victor David, M.D., Chief, 
Obstetrics and Gynecology, The Permanente Medical Group, 
901 Nevin Avenue, Pichmond, CA 94801. EOE 
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KAISER PERMANENTE. 


Gocd People. Good Medicine. 









UTMB is an equal opportunity M/F/V/H affirmative. action employer. 
UTMB hires only individuals authorized to work in the United States. 






YALE UNIVERSITY MEDICAL SCHOOL 


Department of Epidemiology and 
Public Health- 
Training Program in Perinatal 
Epidemiology 


United States citizens and permanent residents 
are invited to apply for predoctoral and postdoctoral 
fellowships in perinatal epidemiology. 


Predoctoral fellows will prepare for the Ph.D. de- 
gree in Chronic Disease Epidemiology with a spe- 
ciaity (course wor, tutorials and thesis) in perinatal 
epidemiology. Applicants must meet matriculation 
requirements of Yale Graduate School. 


Postdoctoral fellows, may be physicians, must 
have a specialty in obstetrics, pediatrics, or peri- 
natology, or may ‘old other doctoral degrees. The 
fellowship is a two-year program with an option to 
graduate with the MPH degree if appropriate mat- 
riculation, course. thesis and tuition requirements. 
are met. 


For more information, or to submit CV and names 
_ of referees, write 


Michael B. Bracken 
Professor of Epidemiology 
Yale University School of Medicine 
60 College St., New Haven, CT 06510 


Yale University is an Affirmative Action/Equal 
Opportunity Employer 


Lynn Community 
Health Center is an 
independently 
incorporated out-patient 
care facility with 10 staff 
and providing 60,000 
patient visits per year 
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BOSTON AREA 







Expanding community health center seeking board 
certified or board eligible OB/GYN interested in work- 
ing in a multi-speciality community health center 
providing care to a diverse patient population. Lo- 

_ cated in a residential area approximately twelve miles 
north of Boston. Excellent salary and benefit pack- 
age offered. 








MQG 








Patricia Bongiorno 
Lynn Community Health Center 
PO. Box 526, Lynn, MA 01903 
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‘OBSTETRICIAN’ 
GYNECOLOGIST 


Immediate opening for a Board 


Certified/Eligible physician. to. 
work with. 5 others ata well- - 
established, growing HMO. - 
Rochester Medical ‘Group is a ` 
multispecialty medical group |. 
practice serving 45,000 patients f . 
at multiple sites. Clinical faculty. - 
appointment at the University’ of i 
Rochester is available with this: | > 
position. Competitive salary/ `} 


benefits with opportunities for re- 


search and resident: pei a 


Send resume to: “. 
Patricia Hosking - 


Rochester Medical ‘Group, be : 


-1800:Hudson. Avenue. 
Rochester, NY. 14617 


St. Luke’ s/Roosevelt Hospital Caer. a 1,315 bed aching 
hospital on Manhattan's West Side, affiliated witti the 
Columbia University College ‘of Physicians and Surgeons, 


invites nominations and applications for a Director of the- ` 
. Department of Obstetrics-and Gynecology. The Director is 


responsible for the clinical, academic and research programs 


‘at ‘both the St. Luke's and Roosevelt sites which fogether | 
serve a catchment populations of over 500,000 as well asa 


large referral base from well beyond this local community: . 


The successful candidate must qualify as a senior faculty 
member at Columbia University with demonstrated clinical , 


and academic achievement. Administrative and leadership 
skills will also be required in order to maintain and foster the 


department's current accomplishments. ` 


Curricula vitae will be considered in strictest sain 


Sigurd Ackerman, M.D. - 
Chairman, Search Committee for a Directoi 
of the Department of Obstetrics and Gynecology —_ 
ST. LUKE'S/ROOSEVELT HOSPITAL CENTER. .°- 
114th Street and Amsterdam Avenue 
New York, N.Y. 10025 
An Equal Opportunity Employer M/F . 


ST. LUKESROOSEVELT | 


Hopia Center 








procedures and -ultrasound techniques. 
: „incorporates a minimum six month period of full time research an 
: ` accommodates various clinical/research objectives based on th 
t+ fellow's individual goals. Fellows are encouraged to present paper 








Maternal Fetal Medicine Fellowshiy 


Department of Obstetrics and Gynecolog 
| | _ Southern Illinois Universit 


E 7 School of Medicin 


ee [linol 








pa E The epaien of Obstetrics and Gynecology at Southern Illino! 


University School of Medicine, Springfield, Ilinois has one first yea 


‘Fellowship position available in Maternal Fetal Medicine beginnin 


July 1, 1991: This.is a two year accredited Fellowship program i 
which both clinical and research training are emphasized. Clinice 


‘material is drawn ‘from the 3000 deliveries/year at St. John 
oe Hospital Perinatal Center where -fellows participate in a supervisec 
- in-depth experience in management and trealment of medical an 


obstetrical complications with emphasis on antenatal diagnosti 
This flexible prograr 


‘and to represent. the Maternal Fetal Medicine Division al natione 


: Scientific meetings. 





l Appliċation requests should be sent to: 


k “Robert C. Kaufmann, M.D.. Department of OB/GYN. Southern Illinoi 


‘University School of Medicine, P.O. por 19230, Springfield, IL 62794, 


l Phone: ene 782- 8240 - 


SW is an AA- HEO 0 Employer 





OB/GYN- 
SOUTHWESTERN MICHIGAN 


e OB/GYN toj join anoihia OB/GYN and a nurse- 


F z ‘midwife ‘in clinic practice. Average 600 de- 


> liveries per year. Opportunity has an excellent 
"mix of GYN Pathology. ; 7 


330-bed’ facility ina service area of 215,000 
“has 4 LDR'’s, 24-hour, in-house Anesthesia 
' (Epidural Service), and a Level II nursery. 

' Community is located on Lake Michigan and 
is 90 minutes from -Chicago in Southwestern 
Michigan. 


$150,000 base salary. Production bonus may 
. increase income by another $50,000 to 
i $100, 000 the first year. Send CV or call: 


Ken Sammut 
‘ JACKSON AND COKER, INC. 
- 115 Perimeter Center Place 
Suite 380 AJOGO 
Atlanta, GA 30346 
1-800-544-1987 | 





JACKSON 
AND COKER 


UNIVERSITY OF MIAMI 
SCHOOL OF MEDICINE 
DEPARTMENT OF OBSTETRICS & 
GYNECOLOGY 
ASSISTANT/ASSOCIATE 


PROFESSOR OF CLINICAL 
OBSTETRICS & GYNECOLOGY 


Opportunity available for M.D. who is board- 
certified or boerd-eligible in Maternal Fetal 
Medicine. Special interest in infectious dis- 
ease is desirable but not required. 

Applicant must be licensed to practice medi- 
cine in State of Florida, and have sufficient 


clinical experience to qualify for a full time 
faculty appointment. 


salary will be commensurate with training and 
experience. Compensation includes excellent 
fringe benefit and financial incentive plan. 


Apply to: 
Mary J. O'Sullivan, M.D. 
Professor 
Obstetrics & Gynecology, R-136 
University of Miami 
P.. Box 016960 
Miami, Florida 33101 


AN EQUAL OPPORTUNITY/AFFIRMATIVE 
ACTION EMPLOYER 





FACULTY POSITION 
UNIVERSITY OF 
WASHINGTON 


A University of Washington junior faculty po- 
sition is availabl2 in the Gynecology Division 
in the Department of Obstetrics and Gynecol- 
ogy. Patient responsibility will involve both 
gynecologic outpatient and inpatient care. 
The individual will spend 60% time in clinical 
practice and the remaining time conducting 
medical student teaching, resident teaching 
and clinical research. Applicants must be 
board eligible or certified in obstetrics or 
gynecology. Fellowship or research experi- 
ence is desirable. The position is immediately 
available. 


Please send a curriculum vitae to: 


David A. Eschenbach, M.D. 
Department of Obstetrics and Gynecology, 
RH-20 
University of Washington, 

Seattle, WA 98195 


An equal opportunity/affirmative 
action employer. 





LAS VEGAS—Seeking highly qual- 
ified board certified/eligible Ob/Gyn 
physicians to join our 60 physician 
multi-specialty group. Practice in 
America’s Vacationland—mountain 
sports, water sports, world class en- 
tertainment. Enjoy affordable housing, 
no state income tax, excellent 
schools/colleges. High starting 
Salaries, plus bonuses, no investment 
required. Benefits include malpractice 
insurance, paid vacation, relocation 
expenses, health and life insurance, 
retirement program, continuing medi- 
cal education, dues, subscriptions, 
etc. Top tertiary hospitals. 


If interested, call me at (702) 877-8638 
or send your Curriculum Vitae to: Jerry 
Reeves, M.D., President, Southwest 
Medical Associates, P.O. Box 15645, 
Las Vegas, NV 89114. 


PERINATAL. PATHOLOGIST AT NORTHWEST- 
ERN UNIVERSITY MEDICAL SCHOOL. The De- 
partment of Pathology of Northwestern University 
Medical School seeks applicants with subspecialty 
training and experience in perinatal pathology, for 
a full-time faculty position. The academic level of 
appointment and salary will be commensurate with 
prior experience and scholarly accomplishment. 
The Department ts developing a perinatal program 
in conjunction with the Department of Obstetrics 
and Gynecology. The Prentice Women’s Hospital 
of McGaw Medical Center currently has 5000 de- 
liveries/year and has a high risk pregnancy pro- 
gram which serves greater metropolitan Chicago, 
the State of Illinois and adjacent States. Children’s 
Memorial Hospital is also part of the Medical 
School and Department's teaching program. The 
Department of Pathology has active residency, fel- 
lowship, and graduate student training programs. 
The successful candidate will be skilled in relevant 
aspects of perinatal pathology, teaching, and con- 
duct either clinical or basic research. Interested 
candidates should submit a curriculum vitae and 
3 letters of reference by December 31, 1990 to: 
Dr. Larry Sherman, Department of Pathology, 
Northwestern Memorial Hospital, Superior Street 
and Fairbanks Court, Chicago, IL 60611. 


Northwestern University is an Affirmative Action/ 
Equal Opportunity Employer. Hiring is contingent 


`- upon eligibility to work in the United States. 
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To Subscribe: 

Simply fill out this coupon and . 

send it to us at the address 
shown. 


Or, 
for faster service, call our 
TOLL-FREE number: 


1-800-426-4545 


Prepaid orde:s are shipped postage free; add $3.50 fer order to 
cover handling. Other orders will be billed a shipping ard 
handling charge. IL, MA, TN residents will be billed appropriate 
sales tax. Prices are quoted in U.S. dollars. Canadian orders 


payable in US. funds. All prices subject to change without notice. 
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Let our eminent medical 
authorities guide you through 
major new clinical advances 


Introducing the 


Year Book of 
Obstetrics & 
Gynecology” 


This time-saving guide book makes it 

easy for you to keep current in your field. 

Each volume represents the year's most significant 
developments as reported in more than 800 journals and 
periodicals published worldwide. These selections are 
condensed to roughly a page in length, so you get all 
essential facts at a glance. 


More importantly, the distinguished physician editors provide 
thoughtful, probing commentaries that explore the 
significance of each article while evaluating its practical 
implications for day-to-day practice. 


These books are published annually. For the convenience of its customers, Year Book enters each purchaser as a subscriber to future volumes 
and sends annual announcements of cach volume approximately wo months before publication. The new volume will be shipped upon 
publication unless you complete and retum the cancellation notice attached to the announcement and it is received by Year Book within the time 
indicated (approximately 20 days after your receipt of the announcement). You nuy cancel your-subscription at any time. The new volume may 
be examined on approval for 30 days and retumed for full credit. Year Book will remove your name as a subscriber. Return postage is 
guaranteed by Year Book to the Postal Service. 


a ] YES! 


I know it's vital that I stay informed. Please rush me the most recent issue of 
the Year Book of Obstetrics & Gynecology (5-90) for $54.95. 


J Payment Enclosed ( Please bill me O Charge my Amex/Visa/MasterCard (circle one) 





Signature 





Name 





Address 
City/State/Zip 


Telephone XX9 
Mail to: 

Mosby-Year Book Inc. 
Order Processing, 11830 Westline Industrial Dr. 


| 
| 
| 
| 
| 
| 
! Account Number/Expiration Date 
| 
| 
| 
| 
| 
| 
| 
| St. Louis, MO 63146 
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e Increase basic knowledge and clinical skills in ob-gyn. 


The Osler Institute 
Obstetrics and Gynecology Review Course 


February 2-7, 1991 — Los Angeles 
November 25-30, 1991 — Chicago 


Now, your course with case-list reviews and mock oral exams 
OBJECTIVES | 


e Assist residents and fellows to organize study 
e Prepare exam candidates to pass their tests. 
e Provide practicing gynecologists with an update 


METHODS 


e HOME STUDY MATERIALS with questions and answers 
- @ SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 

e PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. . The most Pleasant thing was learning a tremendous amount, 


not only from world- fam ous authorities but from people who are relatively unknown as well."* 


TOPICS 
Clinical Science Oncology 
Surgical Anatomy Chemotherapy 
"Embryology Vulva and Vagina 
Radiology Cervix 
Genetics Uterus 
Teratology Ovary 
Anesthesiology Trophoblast 
- Antibiotics Breast 
Pathology Benign Gynecology 
Vulva Infectious Diseases 
Vagina Urinary Retention 
Cervix Urinary Incontinence 
Endometrium Pediatric Gynecology 
Myometrium Sexual Assault 
Ovary Ectopic Pregnancy - 
Placenta Endometriosis 
Reproductive ` Maternal and 
Endocrinology Fetal Medicine 
Contraception. Pharmacology 
Infertility --~.Diabetes 
' Amenorrhea Hypertension 
Abnormal Bleeding Hematology 
Androgen Antepartum Testing 
Prolactin Premature Labor 
‘Menopause. Birth Trauma 


FACULTY 


Theresa Abboud, M.D. 
Univ. of Southern California 


Arieh Bergman, M.D. 


‘Univ, of Southern California 
Carolina Braga, M.D., B.S. 


Univ. of Calif., San Francisco 


John P, Curtin, M.D. 
Univ. of Southern California 


Edward Hill, M.D. 
Univ. of Calif., San Francisco 


Karen Ireland, M.D. 


Oregan Health Science Univ. 
-= Conley Lacey, M.D. 


Scripps Clinic, La Jolla, CA 


David Plourd, M.D. 
Santa Clara Valley Med. Ctr. 


C. Bethan Powell, M.D. 
Washington University 


Jeffrey Stern, M.D, 
Univ. of Calif, San Francisco 


Nelson Tang, M.D., Ph.D. 
Stanford University 


Wendell Wall, M.D. 
University of North Dakota 


Peter Watson, M.D. 


Oregan Health Science Univ. 


David R. Witt, M.D. 


Kaiser Med. Ctr., San Jose, CA 


Limited Enrollment: OBSTETRICS AND GYNECOLOGY REVIEW REGISTRATION 


Name 
Address 
City/State/Zip 
Phone 


Mail today to: 


For: (_] February 2-7, 1991 — Los Angeles 
[_] November 25-30, 1991 — Chicago 


1094 Dawn Lane, Dept. 12 


P.O. Box 2218 
Terre Haute, IN 47802 


C] Check enclosed for $ - 


C] Please send more information 


"Accommodations were comfortable... * 


GOALS AND LOCATION: This course 
for residents and practicing gynecologists 
is a comprehensive review and update of- 
fered in the winter, spring and fall. The fall 
course is more clinically oriented. Home 
study questions are sent upon registration. 
The course includes lectures with syllabus 
as well as an opportunity to purchase an 
unlimited number of optional extra one- 
on-one sessions with faculty to review your 
case lists or do mock oral exams. Past par- 
ticipants recommend repeating the course 
for half price immediately before exams. 

The course hotel is chosen in competetive 


bidding to achieve the best combination of 


bargain rates and excellent study environ- 
ment. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group discounts. 


"the most education for the money."* 


FEES: 

e Practicing Gynecologists: $720 
o Residents and Fellows: $480 
e Repeating course within 3 years: $360 


e Case-list reviews and mock oral exams 


_ (half hour sessions): $ 70: 

e Private mock oral exams: $100 

e Optional extra day Dec. 1 (more ques- 
tions, answers and pathology lab):  $15( 


Add 10% for within 10 days of the course. 
è Attendees not in course hotel add $20/day. 
e A deposit of $50 will reserve your position 


"..home study material was edremely helpfiu.” 


CANCELLATIONS:Refunds subject to $5 
fee, will be made until the seminar begins 


"remarkably complete and pleasant."™. 


: INFORMATION: 


Joseph H. Selliken, Jr., M.D. 
The Osler Institute - 
. 1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299- 5658 


« * Comments by participants . 
-1 
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ORTHO-NOVUM 77. 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0035 mg ethiny! estradiol. Each green tablet in 28 day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 

rovided with the product and therefore should not be used as the basis for prescribing the product. 
Chis summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic discrders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 








The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk cf a disease. namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vige information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text om varale Nae methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smcking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increasec risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible. oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contrace~ tives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
ak ete in oral contraceptives and the risk of vascular disease. A decline in serum high density 
ipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
The activity and amount of bath hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or ‘ess of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of nisk of vascular disease for ever-users of oral contraceptives. In a 
study in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50. micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded ‘hat with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral comtraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associatec with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
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that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL leveis and may render the contro! of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
aeons observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (ei T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids; however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
significance if a woman becomes oar shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral AA a lp but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, lg atc secretion. Change in weight (increase or decrease). Chane in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. 
pes Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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Introduction 


The purpose of an oral contraceptive is to inhibit 
ovulation reliably, to maintain good cycle control, and 
to cause minimal adverse effects. The response of in- 
dividual women to a given formulation differs to a large 
degree. Although the pill producers and the medical 
boards and authorities are, in the first place, interested 
in average figures of efficacy, adverse effects, and mor- 
tality, women who take the pill and the practitioner who 
prescribes it, are faced with individual susceptibilities, 
responses, and side effects. For the past 30 years ago, 
choosing the most suitable formulation has remained 
for each woman a matter of experience. Undoubtedly 
all formulations, including low-dose preparations, are 
overdosed for most women, because they must sup- 
press ovulation in all women. 

The pill is a combination of two hormones that, as 
far as the dose is concerned, belong to the most potent 
drugs known. Although it has a large therapeutic mar- 
gin and serious adverse effects are rare, liver damage, 
stroke, or thromboembolic disease during intake of an 
oral contraceptive 1s a vital question for the individual. 
Any attempt to individualize the prescription of oral 
contraceptives on a scientific basis is dependent on the 
pharmacokinetics of the estrogen and progestogen 
components, which show large variations from woman 
to woman and from day to day. Therefore one of the 
most important aims of research must be to investigate 
the factors that influence the pharmacokinetic prop- 
erties of contraceptive steroids. 

The history of the pill since the days of Pincus is 
characterized by not only empiricism but also by errors. 
The suspicion that the estrogen component is involved 
in the etiology of cardiovascular diseases has led to a 
continuous reduction in the dose, which was hampered 
from time to time by the assumption that there must 
be a threshold dose of ethinyl estradiol with respect to 
good cycle control (e.g., 50 pg 20 years ago or 30 pg 
today). In both cases reality proved it to be wrong, 
provided that the progestogen was chosen properly. We 
are still waiting for a new estrogen that has no toxic 
effects on the liver. The development of the proges- 
togens was decisively influenced by the “beagle story,” 
when derivatives of progesterone were unfoundedly 
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suspected of causing breast cancer. Although the he- 
patic effects of this type of progestogen are admittedly 
much less than those of ethinylated nortestosterone de- 
rivatives, new courses were set for the development of 
the so-called “gonanes.” By the same measure, as po- 
tency was increased, the dose was reduced, which was 
claimed to be progress because of a pretendedly less 
burden of hepatic metabolism. However, a comparison 
of the pharmacokinetics would easily demonstrate that 
this is very questionable. The gonanes are orally more 
potent because their elimination is slowed down, and 
the serum concentrations of new and very low—dose 
progestogens may reach very high values. There are 
some indications that the slow inactivation rate of nor- 
testosterone derivatives is not primarily the result of a 
steric hindrance of enzymatic action by the ethinyl 
group, but rather of a direct inhibition of enzymes by 
the chemically activated ethinyl group. 

Even though there is no doubt that contraceptive 
steroids in the blood are of much higher importance 
for the assessment of the effects and risks than the dose 
ingested, pharmacokinetics are of limited interest for 
most gynecologists and endocrinologists. One of the 


_ aims of the symposium on “Pharmacokinetics of Oral 


Contraceptive Steroids and Drug Interactions” was to 
focus attention on this topic. More than 10 years have 
passed since a similar workshop conference was held 
in Igls, Austria, in 1978, and among the 18 experts 
assembling in Salzburg on September 14 to 16, 1989, 
some participated in the meeting held 1 decade ago. 
Obviously, the questions and problems discussed in 
Salzburg in 1989 have not changed since 1978. 

As with the workshop conference in Igls, Austria, in 
1978, the symposium held in Salzburg in 1989 was 
sponsored by Organon, Munich. It was because of Mrs. 
Franz and Dr. Geissler (Organon GmbH, Munich) that 
the organizational setting and the preconditions for a 
successful meeting have been optimal. Moreover, the 
generous support from Organon GmbH (Munich) and 
Organon International bv (Oss, Netherlands) enabled 
the publication of all the papers presented at the sym- 
posium in this supplement to the AMERICAN JOURNAL 
OF OBSTETRICS AND GYNECOLOGY. 


Prof. Dr. Herbert Kuhl, PhD 
Guest Editor 
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SESSION I. PHARMACOKINETICS OF ORAL 


CONTRACEPTIVE STEROIDS 





Chairman: K. Fotherby 


Pharmacokinetics of ethinyl estradiol and mestranol 


Joseph W. Goldzieher, MD, and Steven A. Brody, MD 


_ Houston, Texas 


Pharmacokinetally, a 50 ug oral dose of mestranol (which itself is inactive) is bioequivalent to a 35 ug 
dose of ethinyl estradiol. Physiologically, mestranol ranges from 50% to 100% of the activity of ethinyl 
estradiol, depending on the endpoint chosen, Compounds such as these, which are metabolized with a 
first-pass effect and are enterohepatically recirculated, demonstrate large interindividual and intraindividual 
variability in their pharmacokinetics. Thus a given dose of ethinyl estradiol in one person may produce an 
effect equivalent to a substantially larger (or smaller) dose in another person. This wide variability 
confounds efforts to establish tight dose-response relationships, a point rarely considered in clinical or 
epidemiologic studies of these compounds. The circulating levels of ethinyl! estradiol sulfates\may be 
higher than those of free ethiny! estradiol itself. It has been thought that these sulfates represent a 
“reservoir” of ethinyl estradiol. Our studies show that this idea is untenable because the half-life of the 
sulfates is not long enough for such an effect. Differences in the pharmacokinetics of ethinyl estradiol and 
mestranol have been observed in studies of various populations. The reality of these group differences is 
affirmed by analyses of urinary metabolite patterns. (Am J OBSTET GYNECOL 1990;163:2114-9.) 


Key words: Ethiny] estradiol, mestranol, pharmacokinetics 


All oral contraceptives currently in use rely on ethinyl 
estrogens for their estrogenic component. The reason 
for this is the greatly increased pituitary-inhibiting ac- 
tivity relative to other estrogenic effects, that is im- 
parted by the ethinyl group. In addition, studies have 
shown that the ethinyl estrogens act synergistically with 
the 19-nor progestins with respect to gonadotropin 
suppression. Whether a synergism of non-ethinyl es- 
trogens with these progestins exists is uncertain. This 
amplification is the basis on which the contraceptive 
effectiveness of the very low-dose formulations rests, 
and the reason why the dosage tn the original “se- 
quential” regimens could not be lowered to currently 
desired levels. 

Some of the adverse symptomatic effects of the es- 
trogens are clearly dose related. Therefore it becomes 
important to have an in-depth understanding of their 
pharmacokinetics. 


Mestranol 


In vitro receptor studies’ have demonstrated that 
mestranol is an inactive compound that becomes bio- 
logically active on conversion to ethinyl estradiol (EE). 
The degree of conversion varies with different species. 


From the Department of Obstetrics and Gynecology, Baylor College 
of Medicine. 

Reprint requests: Joseph W. Goldzieher, MD, Department of Obstetrics 
and Gynecology, Baylor College of Medicine, One Baylor Plaza, 
Houston, TX 77030. 
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Published human studies of the pharmacokinetics of 
EE derived from mestranol generally suffer from the 
small number of subjects used (usually <10) and from 
insufficient sampling frequency. Thus the general 
impression of a 50% conversion rate of mestranol to 
EE is based on rather uncertain grounds. In view of 
what is known today about the magnitude of interin- 
dividual and intraindividual variation with these com- 
pounds, a reinvestigation is clearly needed. 

We’ have recently examined the pharmacokinetic pa- 
rameters derived from analysis of plasma EE levels af- 
ter administration of a single dose of three bioequi- 
valent norethindrone (1 mg)/EE (35 wg) formulations 
from different manufacturers, as well as three noreth- 
indrone (1 mg)/mestranol (50 pg) formulations from 
the same manufacturers. The protocol was designed as 
an open-label, three-way crossover study. Each subject 
received a two-tablet dose of a drug within the first 
6 days of three consecutive menstrual cycles. ‘This dou- 
ble dose was used to improve assay reliability. The drugs 
were assigned in a randomized sequence so that all 
three drugs were tested in each subject at a given es- 
trogen dose. Twenty-four women took each of these 
EE-35 formulations; another 27 .took the three 
mestranol-50 formulations. Some of the derived phar- 
macokinetic parameters are shown in Table I. 

The data clearly show the delay in achieving maxi- 
mum plasma EE levels derived from mestranol com- 
pared with EE as expected. Interestingly, the peak 
plasma concentration (C,,,,) values for EE derived from 
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Table I. Pharmacokinetic parameters for EE after oral administraion of single two-tablet doses of each 
oral contraceptive 


Ortho- 
Dose Norcept Novum Norinyl 








Variable 
AUC 1/35EE 1089 + 570 993 + 270 1024 + 454 1036 + 483* 
(pg-hr/ml) 1/50ME 996 + 454 940 + 494 983 + 429 963 + 5447+ 
ae 1/35EE 171 + 57 178 + 45 174 + 59 174 + 67 
(pg/ml) 1/50ME 175.4 57 175 + 69 175 + 50 175 + 72 
La 1/35EE 1.3 + 0.5 1.3 + 0.6 1.4 + 0.6 1.3 + 0.5 
(hr) 1/50ME Ly ey ` 1.8 + 0.8 2.0 + 0.8 1.9 + 0.8 
p = 0.008 p = 0.02 p = 0.003 p= < 0.0001 
Ku 1/35EE 0.08 + 0.07 0.09 + 0.07 0.11 + 0:07 0.09 + 0.09 
1/50ME 0.13 + 0.10 0.18 + 0.13 0.13 + 0.10 0.15 + 0.12 
p = 0.04 





Reproduced with permission from Brody JA, Turkes A, Goldzieher JW. Contraception 1989;40:269-84. 


Values shown are mean + SD for area under the plasma concentration/time curve (AUC)»;) by the trapezoidal rule; peak 
plasma concentration (C,,..); time to peak concentration (Tmax); and the elimination rate constant (Ka). 
*n = 24 x three trials. 


tn = 27 X three trials. 


Table II. Interindividual variability of EE plasma concentrations after administration of two 35 pg EE and 
two 50 pg mestranol pills ' 


EE (35 ug EE pills) 
AUCs, (pg-hr/ml) 1036 + 483 284-2498 47 
Cmax (pg/ml) 174 + 67 55-311 39 
EE from mestranol 
(50 pg mestranol pills) 
AUCo., (pg-hr/ml) 963 + 544 215-2122 57 
Cmax (pg/ml) 175 + 72 67-391 4] 


Data from Brody JA, Turkes A, Goldzieher JW. Contraception 1989;40:269-84. 
CV, Coefficient variation. 


Table III. Range of pharmacokinetic values for EE reported in the literature 


ty (æ) 0.5-2.4 hr 

tyo (B) 13.1-27.0 hr 
ty. (Ka) 0.2-0.4 hr 
Bioavailability 0.38-0.48 

Kye 0.182-0.249/hr 
Koy 0.101-0.245/hr 
Kio 0.193-0.309/hr 
Tani l-2 hr 


Estimate of ty (a) has a wide range and needs further documentation. 

Ranges of values indicated are derived from Newburger and Goldzieher.”* 

ty (æ) is the half-life of drug disposition from the central to the peripheral compartment. 

ty, (B) is the elimination half-life. 

tv (Ka) is the half-life of drug delivery to the central compartment, where Ka is the transfer rate constant in this di- 
rection. 

Kis is the transfer rate constant from the central to the peripheral compartment; Ko, is the transfer rate constant in the 
reverse direction. 

Kyo is the same as the elimination rate constant (Ku). 

Bioavailability 1s calculated by dividing AUC after oral administration by AUC after intravenous administration with the 
same dose of drug. 

Tmax is the time of maximum plasma concentration of drug. 

The theoretic model for these pharmacokinetic parameters is described ir. Goldzieher et al." 
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Fig. 1. Plasma EE contrations after administration of Norcept- 
E 1/35. A single dose of two tablets consisting of EE 35 
pg/ norethindrone | mg was given by mouth at time = 0. The 
mean + SD is depicted along with highest and lowest indi- 
vidual responses. (Reproduced with permission from Brody 
SA, Turkes A, Goldzieher JW. Contraception 1989;40:269- 
84.) 


50 wg of mestranol are identical with those derived 
from 35 pg of EE, both of which were given along with 
l mg of norethindrone. The mean area under the 
plasma concentration/time curve from 0 to 24 hours 
(AUC, .,) values for EE derived from 50 ug of mestranol 
are clearly lower than those derived from 35 pg of EE 
as shown, but the very large intersubject variability 
keeps this difference from being statistically significant. 
From these data it may be concluded that EE from 
mestranol would yield about 70% of the Cmax value of 
a similar dose of EE. Based on AUC ,.,, mestranol is 
somewhat less than 70% as bioavailable as EE. It ap- 
pears that the usual estimate of 50% is probably low in 
terms of AUC. 

The interindividual variation of plasma EE levels de- 
rived from EE or mestranol was similar: the coefficient 
of variation of AUC for EE was 47%; that for EE from 
mestranol was 57%. The coefficient of variation of Cmax 
for EE was 39%; for EE derived from mestranol it was 
41% (Table II). 

These pharmacokinetic data are not necessarily con- 
cordant with pharmacodynamic observations. Studies 
of human endometrial response and measurements of 
hepatic synthesis of certain proteins suggest a potency 
of about 50% for mestranol compared with EE.** How- 
ever, other studies of human endometrial response 
have found that the two compounds are bioequivalent 
over the range of 50 to 100 ug/day. Furthermore, stud- 
ies of the effects on plasma gonadotropins, cortisol, 
testosterone, and androstenedione and their binding 
globulins and the effects on carbohydrate and lipid 
metabolism also found bioequivalence. These studies 
were conducted with estrogens alone rather than with 
commercial oral contraceptive formulations. It must be 
added, however, that these studies were not carried out 
on the numbers of patients we require in light of con- 
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Table IV. Intraindividual variability of EE 
plasma concentration AUC)», after the 
administration of two 35 ug EE and 50 pg 
mestranol pills: three single-dose trials 





CV (%) Range* 
EE (35 pg EE pills: 4] ~ 66%-+ 71% 
EE from mestranol 4? — 710%-+92% 


(50 ug mestranol pills) 





Data from Brody JA, Turkes A, Goldzieher JW. Contra- 
ception 1989;40:269-84. 


CY, Coefficient of variation. 


*The percent difference of high and low values from the 
mean of three trials per subject. 


temporary knowledge of interindividual variability.*'° 


These findings are highly relevant to epidemiologic 
studies, which frequently analyze data sets in terms of 
the quantity of estrogen in contraceptive formulations 
without regard to the chemical nature of the estrogen. 
Thus some “high-dose” mestranol pills have a lower 
biologically active estrogen content than do some “low- 
dose” EE pills.’ 


EE 


The literature on the pharmacokinetics of EE is sub- 
stantial. There are large discrepancies in the values 
reported for the various parameters. These are prob- 
ably because of limitations in sampling frequency, dif- 
ficulties in measuring of plasma EE levels at clinically 
relevant dosages, and the effects of enterohepatic re- 
circulation. The large interindividual variation seen 
with these drugs is a major confounding factor, ac- 
counting for the discrepant findings reported. Analysis 
of these difficulties has been presented elsewhere." 
Our best estimate of the relevant pharmacokinetic pa- 
rameters 1s shown in Table III. As Table III indicates, 
the half-lives for EE (tua and ty) have a very wide 
range. Oral bioavailability is relatively low, in the range 
of 38% to 48%. The transfer constants (Ky, Ka, and 
Kio) and the time to peak concentration are also quite 
variable. Our estimates of AUCs, Cras Tina, and Ky 
for a 50 we dose from a large pharmacokinetic study 
are shown in Table II. 

Large interindividual variation in the pharmacoki- 
netics of EE is well recognized,'* but has not been doc- 
umented in studies with adequate sample size. The very 
large coefficients of variation of two parameters are 
presented in Table II. Fig. 1 illustrates the plasma levels 
for the mean, highest, and lowest responders in a group 
of 24 subjects given a 70 we dose of EE. An analysis of 
time-integrated drug levels conirmed that the three 
commercial formulations tested were bioequivalent. 
Therefore the study design permitted an examination 
of intraindividual variation for single doses, an issue 
that has not been previously addressed (Table IV). For 
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Fig. 2. Pattern of reference EE and non-ethinyl estrogens on a high-performance liquid chroma- 
tography. Chromegaprep Diol column, 9.6 mm by 50 cm, 10 pw; flow-7.5 ml/min; pressure, 1000 
psi; linear gradient, 2.25 to 15% isopropanol in heptane in 158 minutes; detection by ultraviolet 
absorption at 280 nm. (Reproduced with permission from Butterworth-Heinemann. Williams MC, 
Goldzieher, JW. Steroids 1980;36:255-82.) , 


Table V. Representative plasma AUC,», values (pg-hr/ml) for EE and norethindrone after repeated trials 
in the same persons 


Ethynyl Estradiol 


Norethindrone 


Subject 
l + 35 EE formulations 
2 1002 43] 855 29.2 23.1 49.3 
9 252 499 569 32.2 55.7 46.8 
12 1892 637 1390 79.7 77.2 91.7 
13 1563 539 934 98.9 169.9 127.2 
20 657 1594 2122 90.3 86.3 88.0 
1 + 50 ME formulations 
104 215 1230 658 30.3 73.7 120.5 
106 1355 854 1080 175.0 33.9 15.6 
3 768 963 696 109.8 86.6 31.6 
16 1033 839 818 58.5 38.4 109.0 
25 433 289 331 68.) 62.1 62.5 


Reproduced with permission from Brody JA, Turkes A, Goldzieher JW. Contraception 1989;40:269-84. 


both the 35 ug EE and the 50 wg mestranol prepara- no product-specific tendency, is apparent from the 


tions, there was a large intraindividual coefficient of 
variation: 41% to 42%. Within individual subjects the 
range of AUC varied enormously, from -70% to 
+ 92% of the mean of the three trials. Typical examples 
of this variability are shown in Table V. The unex- 
pectedly large intraindividual variance, which showed 


table. Moreover, the rank order of values for AUC,, in 
the three trials per individual does not correlate with 
the rank order of the three results for AUC, (nor- 
ethindrone), a point that has already been made by 
Fotherby.”” 

A prevailing opinion has been that the conjugates of 
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Fig. 3. Representative patterns of urinary mestrano] and EE metabolites in women from Sri Lanka, 
Nigeria and the United States. High-performance liquid chromatography Chromegaprep Diol col- 
umn, 9.6 mm by 50 cm; 10 p; flow-7.5 ml/min; pressure, 1000 psi; linear gradient, 2.25% ta 15% 
isopropanol in heptane in 158 minutes, scintillation counting of 1-minute fractions. Results from 
the two U.S. women illustrate the wide range of oxidative metabolism seen in this population. 
(Reproduced with permission from Butterworth-Heinemann. Williams MC, Goldzieher JW. Steroids 


1980;36:255-82.) 


EE, specifically the 3-sulfates, have relatively long half- 
lives and through enterohepatic recirculation might be 
deconjugated to provide a slow-release reservoir of EE. 
We have synthesized the various sulfates and have car- 
_ ried out clinical trials with these substances. A detailed 
analysis of the pharmacokinetic parameters has been 
published." In summary, only 3.4% of intravenously 
administered and 11.4% of orally administered 17- 
sulfate appeared in the blood as free EE; with the 3- 
sulfate the conversion rates were 13.7% and 20.7%, 
respectively, which suggests that the sulfates are not 
important reservoirs. Moreover, the half-lives of free 
and sulfoconjugated EE are similar, ranging from 8.8 
to 11.2 hours. Finally, the ttz of the 17-sulfates after 
intravenous administration was similar to that of free 
EE. As expected, much more individual variation was 
encountered with oral administration than with the in- 
travenous route. This phenomenon was apparent for 
both the 3- and 17-sulfates, as reflected in measurement 
of the total circulating EE sulfates. 


Ethnic differences 


Several investigators'*'” have studied the pharma- 
cokinetics of contraceptive steroids in various popula- 
tions. Substantial differences in bioavailability have 
been noted. In comtemporary perspectives, the sample 
sizes studies and the blood sampling schedules used 
raise questions about the impact of interindividual vari- 
ability as a possible confounding factor in the inter- 
pretation of these data. Although evidence of quanti- 
tative differences between populations is perhaps now 
less certain than was formerly thought, qualitative stud- 
ies unequivocally support the conclusion that these 
population differences are real. In published studies"! 
we have analyzed the pattern of urinary conjugates 
(glucuronides and sulfates) of EE after oral adminis- 


‘tration of radioactively labeled material to women in 


the United States, Sri Lanka, and Nigeria. In the three 
populations studied, the proportions of glucuronides 
and sulfoconjugates were similar: about 70% and 18%, 
respectively. However, the patterns of glucuronide con- 
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jugates seemed to differ. Further evidence of metabolic 
differences between populations can be demonstrated 
by examination of the oxidative metabolites of EE itself. 

High-performance liquid chromatography profiling 
permits high-resolution identification of the various 
metabolites of EE (Fig. 2). There was a consistent dif- 
ference, with Nigerian women (n = 10) displaying the 
least, Sri Lanka women (n = 10) intermediate, and 
American women (n = 6) the highest degree of oxi- 
- dative metabolism, as evidenced by multiple chromato- 
graphic peaks identifying distinct metabolic products 
(Fig. 3). Such findings rule out the possibility that the 
observed pharmacokinetic differences between ethnic 
groups were from the confounding effects of interin- 
dividual variation. More important, they raise inter- 
esting questions regarding ethnic differences in the en- 
terohepatic metabolism of EE. Further studies will be 
needed to address the role of nutritional factors, in- 
testinal bacterial flora, genetic steroid-metabolic differ- 
ences, and other as yet undiscovered influences on the 
metabolism of these compounds. 
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Pharmacokinetics of the contraceptive steroids levonorgestrel 


and gestodene after single and multiple oral administration 


to women 


Wilhelm Kuhnz, PhD 


Berlin, West Germany 


Little is known about the pharmacokinetics of the two progestins levonorgestrel and gestodene during _ 
long-term administration compared with single-dose pharmacokinetics. The predictive value of single-dose 
administration for the pharmacokinetic behavior of a progestin during long-term treatment was investigated 
for two triphasic oral contraceptives. One contained levonorgestrel and the other gestodene, each in 
combination with ethinyl estradiol. In eight Japanese women who received the levonorgestrel-containing 
formulation over a treatment cycle, steady-state trough levels of levonorgestrel were higher than those 
obtained by computer simulation based on single-dose administration. An analogous observation was 
made in a group of 10 white women who received the gestodene-containing formulation. A close 
correlation between gestodene and sex hormone—binding globulin concentrations was demonstrated for 
eight subjects; the other two patients already had initially high sex hormone—binding globulin levels. 
Ethinyl estradiol—induced production of sex hormone—binding globulin seems to be a major factor that 
contributes to the accumulation of the two progestins in the plasma. Computer simulation, based on 
single-dose pharmacokinetics, allows an estimation of this contribution. (Am J OBSTET GYNECOL 


1990;163:2120-7.) 


Key words: Pharmacokinetics, synthetic progestins, long-term administration, steady-state 


concentrations, sex hormone—binding globulin 


Levonorgestrel (LNG) and gestodene (GEST) are two 
synthetic progestins that are used in combination with 
ethinyl estradiol (EE,) as oral contraceptives. Whereas 
LNG has been used for many years, GEST was intro- 
duced only a few years ago, and accordingly, a fairly 
large number of clinical pharmacokinetic studies have 
been performed with LNG-containing oral contracep- 
tives, whereas a comparatively smaller number of anal- 
ogous studies have been reported for GEST. Conse- 
quently, the pharmacokinetic characteristics of LNG 
after single-dose administraticn (intravenous and oral) 
are well known,' whereas analogous information on the 
pharmacokinetics of GEST has become available more 
recently.* > Compared with single-dose pharmacoki- 
netics, much less published data are available on the 
administration of both progestins throughout a whole 
treatment cycle in healthy women.” +° 

Because single-dose pharmacokinetics of a particular 
progestin hardly reflects the real situation of women 
taking an oral contraceptive for long durations, usually 
for many years, at least one important question must 
be addressed: Is the pharmacokinetic profile of a par- 
ticular progestin the same after single- and multiple- 


From the Research Laboratories, Schering AG. 

Reprint requests: Wilhelm Kuhnz, PhD, Department of Pharmaco- 

„kinetics, Schering AG, MiillerstraBe 170-178, D-1000 Berlin 65, 
_, West Gefmany. 

a 6/0/23263 ` 


2120 


dose administration or, in others words, is it possible 
to simply predict the pharmacokinetic behavior of a 
progestin during long-term treatment from the char- 
acteristics obtained after the administration of a single 
dose? 

In this article this issue will be discussed for two tri- 
phasic oral contraceptives, one containing LNG and the 
other GEST, in combination with EE, as the estrogenic 
component. 


Material and methods 


Study design: Study I. This study was made up of 
two parts. The first included a group of seven healthy 
Japanese women between 22 and 34 years old, wno 
received a single-coated tablet of each of the three dos- 
age forms of the triphasic formulation (Triquilar) at 
the adequate time of the cycle (days 1, 7, and 13). 

Blood samples were taken at the following times: 
before administration and 0.5, 1, 2, 3,4, 8, and 24 hours 
after drug intake. 

The second part of the study included eight healthy 
Japanese women between 21 and 35 years, who re- 
ceived the triphasic formulation during a whole cycle 
according to the following schedule: days | through 6: 
0.05 mg LNG + 0.03 mg EE,; days 7 through 11: 0.075 
mg LNG + 0.04 mg EE,; and days 12 through 21: 
0.125 mg LNG — 0.03 mg EE.. 

Blood samples were taken during this period at the 
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Table I. Pharmacokinetic parameters (mean 
values) of LNG obtained from seven Japanese 
women who received three single-coated 
tablets of the triphasic oral contraceptive at 
adequate times during one cycle; parameters 
were calculated on the basis of an open 
two-compartment model; concentration values 
of LNG obtained after single administration of 
0.05 mg LNG + 0.03 mg EE, were not 
suitable for model-fitting and therefore were 
not included 





Dose of LNG (mg) 






Parameter 





Cynax (ng/m!) 1.6 2.6 
tmax (hr) 1.0 1.2 
AUC (0-24 hr) (ng > ml*!- hr) 8.5 17.1] 
AUC (ng: ml! + hr) 11.2 20.0 
ty. (hr) 13.1 13.1 
Vex (D) 90.6 85.0 
Cl (ml - min! - kg7') 2.0 1.9 


Vs, Apparent volume of distribution at steady state; Cl, 
cleararice. 


*Terminal half-hte calculation was based on two concen- 
tration values only. 


following times: days 2, 4, 6, 8, 10, 12, 16, 18, and 20 
before drug administration, and day 21 before drug 
administration and 0.5, 1, 2, 4, 8, 24, and 48 hours 
after drug intake. 

All blood samples were collected in heparinized tubes 
and centrifuged, and plasma samples were frozen at 
-20° C until analysis. 

Study design: Study II. This study was designed as 
an open investigation with 10 healthy white women 
between 23 and 39 years, who received a single-coated 
tablet of the triphasic preparation (Milvane) that con- 
tained 0.1 mg of GEST together with 0.03 mg of EE, 
on day 21 of a pretreatment cycle. 

Blood samples were taken at the following times: 
before administration and 0.5, 1, 1.5, 2, 4, 6, 8, 10, 12, 
24, 48, and 72 hours after drug intake. 

After a wash-out phase of 7 days, the same women 
received, in the second part of the study, the triphasic 
formulation during a whole cycle: days | through 6: 
0.05 mg GEST + 0.03 mg EE,; days 7 through 11: 0.07 
mg GEST + 0.04 mg EE,; and days 12 through 21: 0.1 
mg GEST + 0.03 mg EE). 

Blood samples were taken at the following times: days 
2 and 7: before and 0.5, 1, 1.5, 2, 4, 6, 8, and 12 hours 
after drug administration, and day 21: before and 0.5, 
1, 1.5, 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours after drug 
intake. 

Additional blood samples were obtained on days 
3, 5, 8, 10, 12, 14, 16, 18, and 20 before drug ad- 
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Fig. 1. Mean concentrations of LNG in plasma of seven Jap- 
anese women who received single doses of 0.05, 0.075, and 
0.125 mg of LNG as coated tablets of a triphasic oral contra- 
ceptive at adequate times (days 1, 7, and 13) of the cycle. 
Directly obtained LNG concentration/ume curves (lop) are 
presented along with curves fitted on the basis of an open two- 
compartment model (bottom). 


ministration. All blood samples were kept at 4° C un- 
til coagulation; the serum was separated and stored at 
— 20° C until analysis. 

Analytic determinations. LNG was determined in all 
plasma samples of study I by a specific radioimmuno- 
assay.” The serum samples of study II were analyzed 
for total concentration of GEST by a specific radio- 
immunoassay.° The free fraction of GEST, as well 
as the distribution of GEST over the serum-binding 
proteins albumin and sex hormone~—binding globulin 
(SHBG), was determined by ultrafiltration’ with and 
without heat treatment of the serum samples.’ 

In study II SHBG and cortisol-binding globulin 
(CBG) concentrations were measured by radioimmu- 
nologic means with two commercially available assay 
kits (SHBG: Diagnostic Products Corp., Los Angeles, 
Calif.; CBG: IRE Medgenix, Fleurus, Belgium). 

Pharmacokinetic evaluation. Plasma concentrations 
of LNG, which were obtained during study I, were used 
for the model-free evaluation of maximum drug-con- 
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Fig. 2. Mean trough concentrations of LNG in plasma of eight Japanese women who received the 
triphasic oral contraceptive during one cycle. Experimentally measured and computer-simulated 


values are presented. 


concentrations in plasma obtained after single-dose ad- 
ministration were evaluated by model-fhtting (TOPFIT, 
Thomae GmbH, Biberach, West Germany) on the basis 
of an open two-compartment model. The serum con- 
centrations of GEST obtained in study II were evalu- 
ated by model-fitting only. Apparent oral clearances 
and volumes of distribution were calculated for both 
progestins assuming 100% bioavailability.*:* '° The data 
obtained by model-fitting were used for the simulation 
of progestin concentrations in plasma (serum) during 
treatment with the respective triphasic formulations 
over a whole treatment cycle. 
Accumulation factors were calculated as follows: 


_ Ce (TC) 


$ 
3 Ca (SC) 


where ty. = terminal half-life; + = dosing interval; 
Cz" = minimum concentration at steady state; 
TC = treatment cycle; and SC = simulated treatment 
cycle. 


Ree a AUC (0-24 hr} TC 
7 AUCs» 
where SD = single dose. 


Results 


Study I: Pharmacokinetics of LNG after single-dose 
administration to Japanese women. The maximum 
concentration values of LNG, which were observed in 
the plasma of the seven women after single oral ad- 
ministration of the three different dosages (0.05, 0.075, 


and 0.125 mg of LNG), were 0.72 + 0.34 ng/ml, 
1.83 + 0.61 ng/ml, and 2.74 + 0.96 ng/ml, respec- 
tively. The corresponding tma values were 2 + 1 hour, 
1.1 + 0.7 hour, and 1.1 + 0.6 hour, respectively. The 
observed AUC (0 to 24 hours) — values were 5.0 + 4.1 
ng rm Por, sS Eaa Ne tm Shand 7L 
6.4 ng * ml"! *hr, respectively. The time course of 
LNG levels in the plasma is shown in Fig. 1. 

The mean LNG concentration values in plasma ob- 
tained after the administration of a single dose of 0.075 
and 0.125 mg of LNG, respectively, were fitted on the 
basis of an open two-compartment model (Fig. 1). The 
derived pharmacokinetic parameters were identical to 
those determined without model-fitting (Table I). 

A computer simulation of LNG trough levels in 
plasma during a 2l-day treatment period was per- 
formed on the basis of those pharmacokinetic param- 
eters that were obtained with high-dose LNG (0.125 
mg) except that the terminal half-life was set to a value 
of 22 hours, which represented the experimentally ob- 
served value at the end of one trearment cycle in the 
second part of study I. 

The result of this simulation is presented in Fig. 2, 
along with the experimentally obtained concentration 
values. The comparison of both curves demonstrated 
the following: (1) that simulated trough levels of LNG 
increased during treatment, reaching steady state on 
day 16 of treatment, and (2) that experimentally mea- 
sured LNG trough levels closely followed simulated 
ones; however, they increased more markedly and 
reached a considerably higher plateau during the 
last week of treatment. Both curves demonstrate an 
increase in LNG plasma levels during | month of 
treatment. 
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Fig. 3. Mean trough concentrations of GEST in the serum of 10 white women who received a GEST- 
containing triphasic oral contraceptive during one cycle. Experimentally measured and computer- 
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simulated values are presented. 


Table II. Pharmacokinetic parameters of LNG 
(mean + SD) of eight Japanese women who 
received the triphasic formulation during one 
treatment cycle; data were calculated without 
model-fitting 


Parameter | Day 21 of treatment 


Cmax (ng/ml) 6.2: 23] 
tmax (hr) 1.3 + 0.5 
AUC (0-24 hr) (ng - ml! - hr) 80.7 + 34.8 
AUC (ng: ml"! - hr) 154.2 + 69.7 
ty (hr) 2241 eo. 


An accumulation factor (R) of 1.9 can be calculated 
for LNG from a terminal half-life of 22 hours and a 
dosing interval of 24 hours. However, this only applies 
if accumulation is determined only by the terminal half- 
life of the drug and the dose interval chosen. If this 
was the case, the ratio (R*) of experimentally deter- 
mined and simulated steady-state trough levels should 
be unity. Likewise, the ratio (R**) of AUC obtained on 
day 21 of the pretreatment cycle and AUC (0 to 24 
hours) obtained on day 21 of the treatment cycle should 
also be unity. However, a value of 2.9 was calculated 
for the former and a value of 4.0 for the latter ratio. 

Study I: Pharmacokinetics of LNG after multiple 
dose administration to Japanese women. Mean trough 
concentrations of LNG, which were measured during 
the treatment cycle, reached a steady state on about day 
16 (Fig. 2). 

On the last day of treatment (day 21), maximum 
concentrations of LNG in the plasma were observed 
1.3 + 0.5 hour after administration and amounted to 
6.2 + 2.1 ng/ml. 

Postmaximum drug concentrations in plasma de- 


Table III. Pharmacokinetic parameters of 
GEST (mean + SD) obtained by model-fitting 
based on total and free concentrations in- 
serum after single oral administration of a 
coated tablet containing 0.1 mg of GEST 
together with 0.03 mg of EE, on day 21 of a 
pretreatment cycle to 10 women 


Parameter Total GEST | Free GEST 
Cmax (g/ml) 72 + 3.2 0.09 + 0.04 
tia (hr) 1.3 + l.l 1.3 + 1.1 


AUC (0-24 hr) (ng- ml™’ - hr) 50.6 + 22.9 0.65 + 0.25 
AUC {ng ; ml”! - hr) 74.3 + 37.5 0.97 = 0.46 
ty, (hr) 15.8 +49 
Viet) 32.2 + 19.4 2242 + 974 
Cl (ml - min“! - kg~}) 0.48 + 0.25 34.7 + 15.8 


Vss» Apparent volume of distribution at steady state; Cl, 
clearance. 


clined, with a mean half-life of disposition of 22.1 + 5.7 
hours. The AUG (0 to 24 hours) was 80.7 + 34.8 
ng * ml~' * hr (Table II). 

Study II: Pharmacokinetics of GEST after single- 
dose administration to white women. The maximum 
concentration values of GEST, which were observed in 
the serum of the 10 women after a single oral admin- 
istration of 0.1 mg of GEST together with 0.03 mg of 
EE., were observed after 1.3 + 1.1 hour and amounted 
to 7.2 + 3.2 ng/ml. The terminal half-life of disposi- 
tion was 15.8 + 4.9 hours. The AUC was 74.3 + 37.5 
ng * hr * mi-'. Total serum clearance was calculated 
to 0.48 + 0.25 ml * min`’ * kg“! (Table III). Protein 
binding of GEST and drug distribution over the bind- 
ing proteins were determined before drug administra- 
tion and 1] and 10 hours after drug intake, and they 
were identical in all cases. The free fraction of GEST 
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Table IV. Protein binding of GEST and 
concentration of SHBG and CBG 

(mean + SD) in the serum of 10 women on 
day 2] of a pretreatment cycle and on day 21 


of treatment 
Day 21 Day 21 
pretreatment cycle | treatment cycle 


Parameter 
GEST 
Free fraction (%) 1.37 + 0.31 0.81 + 0.15 
SHBG-bound (%) 66.5 + 6.9 76.6 + 5.8 
Albumin-bound (%) 32.2 = 6.6 22.62 5.8 
SHBG (nmol/L) 90.3 + 36.0 198.8 + 52.0 
CBG (pg/ml) 37.4 + 5.2 84.9 + 11.4 


Table V. Pharmacokinetic parameters of 
GEST (mean + SD) obtained by model-fitting 
based on total and free concentrations in 
serum of 10 women (on day 21 of treatment) 
who received the triphasic preparation during 


one cycle . 

Parameter Total GEST | Free GEST 
Cmax (ng/ml) 18.2 + 4.5 0.15 + 0.04 
tax (hr) | 08204 09+0.4 
AUC (0-24 hr) (ng: mi"! - hr) 226.6 + 77.1 1.8 + 0.6 
AUC (ng: ml~'- hr) 422.624 178.5 3.5 4 1.5 
ty. (hr) 20441 22.9+45.4 


was determined to 1.37% + 0.31% and the fraction 
bound to SHBG and albumin was 66.5% + 6.9% and 
32.2% + 6.6%, respectively. CBG concentrations in the 
serum were 37.4 + 5.2 ug/ml; SHBG concentrations 
were 90.3 + 36.0 nmol/L (Table IV). The free con- 
centrations of GEST were used to calculate the phar- 
macokinetic parameters of free GEST by model-fitting 
(Table IID). 

A computer simulation of GEST trough levels in the 
serum during a complete treatment cycle of 21 days 
was performed on the basis of the data obtained after 
single-dose administration on day 21 of the pretreat- 
ment cycle (Fig. 3) except that the terminal half-life 
was set to a value of 22 hours, which represented the 
experimentally observed value at the end of one treat- 
ment cycle in the second part of study II. Both curves 
showed similar time course except that the experimen- 
tally determined trough levels of GEST, which reached 
a steady state on approximately day 16, increased more 
markedly and reached a considerably higher plateau 
in the last week of treatment compared with the sim- 
ulated trough levels. An accumulation factor (R) of 1.9 
can be calculated from a terminal half-life of 22 hours 
and a dosing interval of 24 hours. Values calculated for 
R* and R** were 2.3 and 3.4, respectively. Correspond- 
ing vdlues of R* and R** for the free GEST were 1.3 
and 1.9, respectively. 
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Study II: Pharmacokinetics of GEST after multiple- 
dose administration to white women. Mean trough 
concentrations of GEST increased during the treat- 
ment cycle and reached a steady state on about day 
16 (Fig. 3). On the last day of treatment (day 21), 
maximum concentrations of GEST in the serum were 
observed 0.8 + 0.4 hour after administration and 
amounted to 18.2 + 4.5 ng/ml. The terminal half-life 
of disposition was 22.0 + 4.1 hours. The AUC (0 to 24 
hours) was 226.6 + 77.1 ng * hr * ml7'; corresponding 
AUC value was 422.6 + 178.5 ng * hr * mi~’. 

The corresponding pharmacokinetic parameters cal- 
culated from the free GEST concentrations in serum 
are also presented (Table V). 

The free fraction of GEST was determined in the 
serum samples obtained throughout the treatment cy- 
cle. During treatment free GEST fractions decreased 
from a pretreatment value of 1.37% + 0.31% toa value 
of 0.81% + 0.15% on day 21 of treatment. The frac- 
tions of GEST bound to SHBG and albumin. were 
76.6% + 5.8% and 22.6% + 5.8%. The mean SHBG 
and CBG levels on day 21 were 198.8 + 52.0 nmol/L 
and 84.9 + 11.4 ug/ml, respectively (Table IV). 

SHBG concentrations showed a steady increase in 8 
of 10 women throughout treatment and were corre- 
lated significantly with the corresponding GEST con- 
centrations in serum (Fig. 4). In two women relatively 
high SHBG concentrations were already observed 
when treatment started, and they remained nearly un- 
changed throughout treatment. The correlation coef- 
ficients for total and free GEST concentrations, re- 
spectively, and the corresponding SHBG levels were 
calculated individually, and for eight women were in 
the range of 0.7101 and 0.9112 (mean, 0.8195) and 
0.5553 and 0.9126 (mean, 0.7914), respectively. In two 
women there was no correlation between both param- 
eters. 


Comment 


.Two different triphasic cral contraceptives were in- 
vestigated, one containing LNG and the other GEST 
as progestagenic compound. However, the studies were 
carried out in two different ethnic populations and with 
slightly different design, since they were performed 
independent of each other and not particularly for 
comparative purposes. Nevertheless, it became obvious 
that both progestins, when administered in combina- 
tion with EE, as triphasic formulations, showed very 
similar concentration profiles during a treatment cycle. 

Pharmacokinetic parameters of LNG obtained after 
the administration of a single oral dose to Japanese 
women were in good accordance with published data 
on single dose administration in white subjects,’ al- 
though somewhat higher drug levels were found in the 
plasma of Japanese women because of their compar- 
atively lower body weight. Because terminal half-life 
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Fig. 4. Mean serum levels of SHBG and GEST in 10 white women during one treatment cycle. 


estimation was based on 8 and 24 hour values only, the 
half-life of LNG was somewhat shorter than reported 
previously.” The pharmacokinetic parameters of LNG 
obtained with and without the use of model-fitting were 
identical, thus proving the validity of the model. During 
1 month of treatment with the triphasic preparation, 
plasma trough levels of LNG increased concomitantly 
with the increasing dose of LNG administered and 
reached a steady state on about day 16 of treatment. 
Simulated trough levels of LNG showed a similar time 
course, although the rise was less steep and the steady 
state reached was considerably lower compared with 
experimentally determined values. Computer simula- 
tion assumed linear pharmacokinetics of LNG during 
long-term administration and any deviation of exper- 
imentally determined trough levels from the simulated 
ones indicated additional influences on the drug’s dis- 
position, which were due to long-term treatment and 
did not occur during single-dose administration. At 
least two different factors, which may affect the drug’s 
distribution and disposition from plasma, have been 
reported for contraceptive steroids; one is an impair- 
ment of hepatic metabolic capacity, whereas the other 
relates to changes in protein binding. There have been 
numerous reports on impairment of hepatic drug- 
metabolizing enzymes in women under oral contracep- 
tive therapy.'' 

This was true for formulations containing LNG and 
other progestins, and although GEST in particular was 
not yet investigated, it can be assumed that it also fol- 
lows the general line. For steroids such as LNG and 
GEST, which are characterized by a restrictive hepatic 
elimination, any impairment of the metabolic capacity 
during long-term treatment could lead to higher drug 
levels in the plasma than anticipated from single-dose 
pharmacokinetics. On the other hand, it is well known 
that concomitant administration of EE, can increase 
SHBG concentration throughout treatment, and be- 


cause LNG and GEST bind with a high affinity to 
SHBG, an increase in total drug levels in the serum 
is the result. Although SHBG was not determined in 
the present study with Triquilar, most published in- 
formation on this particular triphasic formulation in- 
dicates about a 100% increase in SHBG levels during 
a treatment cycle,'*’® although a smaller increase has 
been reported as well.” 

Because computer simulation did not account for any 
changes in hepatic metabolic capacity or in plasma pro- 
tein binding during treatment, a comparison of simu- 
lated and experimentally obtained trough level curves 
allowed an estimation of the relative contribution of 
both factors to the observed increase in LNG concen- 
trations in plasma. Therefore a ratio of 2.9 for the two 
steady-state concentrations indicated about threefold 
higher LNG concentrations during treatment than an- 
ticipated on the basis of single-dose pharmacokinetics 
alone. 

Simuarly, when the ratio of the AUC obtained after 
single-dose administration and the AUC of one dosing 
interval on day 21 of the treatment cycle was examined, 
fourfold higher drug levels were found during treat- 
ment. Thus the relative contribution of factors other 
than the relationship of terminal half-life and dosing 
interval to the total accumulation of LNG in the plasma 
was about 75%. 

A very similar observation was made with GEST. 
Data obtained from single-dose administration to white 
women were in good agreement with those observed 
in previous studies (Kuhnz W, et al. Unpublished data). 
However, compared with a previously performed study 


on single-dose administration of a GEST-containing . 
formulation, a slightly different protein binding at: 


tern of GEST was observed in the present study. Gom- 
pared with the former study, in the present diddy, 


higher SHBG concentrations and a higher prop drtions S 
of GEST bound to SHBG were found in the seni, 


apy 
Ht? 
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and a smaller fraction of GEST unbound was ob- 
served. 

The most likely explanation for this phenomenon is 
that only women who had not previously taken any 
oral contraceptives were included in the previously 
performed study, whereas in the present study most 
women were regularly taking oral contraceptives and 
only stopped taking the pill between 2 and 6 months 
before the study started. The administration of GEST 
over a whole treatment cycle resulted in increasing 
trough levels, which reflected the triphasic pattern of 
the GEST doses administered. The increasing trough 
levels were paralleled by a 2.2-fold increase in SHBG 
concentrations in serum, and a close correlation be- 
tween both parameters was found in 8 of 10 women. 
However, two women showed no such correlation; they 
already had high pretreatment levels of SHBG that 
decreased slightly during treatment, although GEST 
concentrations increased in a similar way as in the other 
women. A very similar observation has been reported 
previously on LNG,” in which seven of nine subjects 
had a close positive correlation between SHBG and 
LNG levels, whereas two other women had no such 
correlation. Both women already started with high 
SHBG levels, which decreased during treatment. In 
the present study a comparison with experimentally 
observed steady-state concentrations revealed 2.3-fold 
higher GEST concentrations during treatment than 
those calculated on the basis of single dose pharma- 
cokinetics. 

Likewise, an evaluation of the AUCs revealed 3.4- 
fold higher drug levels during treatment. Therefore 
the relative contribution of serum protein binding and 
hepatic metabolic impairment to the total concentration 
of GEST in serum at steady state was about 71%. 

When free GEST concentrations were considered in 
the same way, only 1.3-fold and 1.9-fold higher drug 
levels were calculated. Although this was still somewhat 
higher than unity, tt clearly demonstrated the influence 
of protein binding for the observed increase in GEST 
trough levels in serum. For restrictively cleared drugs 
such as LNG and GEST, an increase in serum protein 
binding affects not only volume of distribution and thus 
drug levels in serum, but also the progestin’s terminal 
half-life. Because of the relative increase in the SHBG- 
bound fraction of the progestin, which is not readily 
metabolized by the liver, the drug’s terminal half-life 
will be prolonged, which in fact was observed with 
GEST. , 

Both increasing progestin levels and prolonged ter- 
minal half-lives could also be explained by an impair- 
ment of hepatic metabolism. However, where there is 
evidence for the contribution of protein binding, it re- 
mains unclear whether metabolic impairment plays an 
important role. 


December 1990 
Am J Obstet Gynecol 


In conclusion, it became apparent that the phar- 
macokinetic parameters cbtained after single-dose ad- 
ministration of either of the two progestins cannot be 
used to predict their pharmacokinetic behavior com- 
pletely during a treatment cycle; the main reason is the 
continuously altered protein binding of the progestins 
because of EE,-induced SHBG synthesis. 

However, single-dose pharmacokinetics of a proges- 
tin, together with computer simulation based on phar- 
macokinetic modeling, can be a useful tool to detect 
any deviations from linear pharmacokinetics during 
repeated administration. Along with additional infor- 
mation, for example, on altered binding capacity of 
SHBG, the interpretation of experimentally obtained 
results is greatly facilitated. 
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Bictransformation, pharmacologic, and pharmacokinetic studies of norgestimate and its metabolites 
indicate that 17-deacetyl norgestimate, along with the parent drug, contributes to the biologic response. 


The postulated metabolic pathway, which is based on the identification of urinary products had indicated 
that three metabolites of norgestimate, 17-deacetyl norgestimate, 3-keto norgestimate, and levonorgestrel, 
might participate in the response. The pharmacologic evaluation of these metabolites demonstrates that 


only 17-deacetyl norgestimate has a pharmacologic profile consistent with that of norgestimate, and 
significant concentrations of this metabolite have been measured in the serum of women after the 
administration of norgestimate. These studies indicate that 17-deacetyl norgestimate contributes to the 
pharmacologic response to norgestimate. (AM J OBSTET GYNECOL 1990;163:2127-31,) 


Key words: Norgestimate, norgestimate metabolites, 17-deacetyl norgestimate 


Norgestimate is a progestin used in combination with 
ethinyl estradiol as an oral contraceptive. Because some 
steroids exert their pharmacologic effects through ac- 
tive metabolites, in addition to the parent drug, we have 
investigated whether the pharmacologic activity of nor- 
gestimate (Fig. 1) might be mediated, at least in part, 
through any of its metabolites. Biotransformation stud- 
ies have been conducted to examine the metabolism of 
norgestimate; the pharmacologic profiles of three me- 
tabolites have been compared with that of norgesti- 
mate, and the pharmacokinetics of norgestimate and 
17-deacetyl norgestimate, a metabolite believed to con- 
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tribute significantly to the biologic response, have been 
examined. In this article the results of these studies 
are reviewed, with emphasis placed on how they con- 
tribute to our further understanding of norgestimate’s 
action. 


Pharmacokinetics and biotransformation 


The pharmacokinetics of ''C-norgestimate have been 
studied in several animal species and appear to be con- 
sistent with those of other contraceptive progestins.’ In 
rats, dogs, and monkeys, orally administered "“C- 
norgestimate is rapidly absorbed, with peak levels of 
radioactivity achieved within 4 hours of administration, 
and it is eliminated with a half-life that ranges from 30 
to 67 hours. After oral administration to women, !'C- 
norgestimate is rapidly absorbed, with peak levels of 
radioactivity ranging from 30 minutes to 2 hours, and 
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Fig. 1. Structure of norgestimate and steroid nucleus. 


it is eliminated with a half-life ranging from 45 to 71 
hours.” 

The biotransformation of norgestimate in women 
has been investigated by identifying urinary metabolites 
after the oral administration of '*C-norgestimate.* As 
in studies of other steroids, the identification and quan- 
tification cf terminal norgestimate metabolites repre- 
sent a sampling, depending on the availability of ref- 
erence standards. Although these metabolites and their 
amounts do not necessarily reflect the total metabolite 
profile or their contribution to the biologic response, 
the chemical structures of identified urinary metabo- 
lites provide a basis to postulate the major metabolic 
pathways. After extraction and chromatographic sep- 
aration, five 17a-ethinyl metabolizes or norgestimate 
have been identified by gas chromatography—mass 
spectrometry and by comparison with several available 
reference standards.’ The chemical structures of these 
terminal metabolites indicate that in women, norges- 
timate undergoes metabolism involving hydrolysis at 
position 17, cleavage of the oxime and subsequent re- 
duction of the ketone at position 3, hydroxylation in 
the A and D rings, reduction of the double bond at C,- 
C;, and subsequent conjugation to a glucuronide or 
sulfate. Urinary metabolites identified in analogous 
studies that use “C-norgestimate in rats, dogs, and 
monkeys suggest that metabolic pathways in these spe- 
cies are similar to those in women. These studies in- 
dicate the possibility that 17-deacetyl norgestimate, 3- 
keto norgestimate, and 17-deacetvl—-3-keto norgesti- 
mate (levonorgestrel) might contribute to the phar- 
macologic response observed after oral administration 
of norgestimate to women. To examine this possibility 
further, we have investigated the pharmacologic pro- 
files of these metabolites and have compared them with 
that of norgestimate. 


Pharmacologic evaluation of norgestimate, 
.17-deacetyl norgestimate, 3-keto norgestimate, 
and levonorgestrel 


Laboratory studies. The pharmacology of norgesti- 
mate, which has been studied extensively and reported 
previously,*® is summarized here briefly. The affinity 
of norgestimate for rabbit uterine cytosolic progestin 
receptors in vitro is similar to that of progesterone. The 
stability of norgestimate throughout the incubation pe- 
riod in the receptor-binding studies has been moni- 
tored, confirming the affinity of unchanged norgesti- 
mate for progestin receptors.® Additional evidence of 
norgestimate’s inherent progestational activity is pro- 
vided by experiments that show its local stimulation of 
the rabbit endometrium when injected directly into the 
uterine lumen?® and its ability to directly inhibit lutein- 
izing hormone—-releasing hormone—stimulated lutein- 
izing hormone release from rat pituitary cells in vitro.” 

In conventional endocrine bioassays, norgestimate 
exhibits activity characteristic of a progestin. It stimu- 
lates the endometrium after oral administration to 
estrogen-primed immature rabbits.” In this test system 
the potency of norgestimate is maintained after sub- 
cutaneous administration (0.24 and 0.34 times that of 
levonorgestrel after oral and subcutaneous administra- 
tion, respectively) which shows that the progestational 
action of norgestimate is not dependent on first-pass 
oral metabolism. Norgestimate, like progesterone, also 
maintains pregnancy in ovariectomized rats and effec- 
tively inhibits ovulation in several species. 

The relative lack of androgenicity of norgestimate is 
shown by its very weak affinity for rat prostatic andro- 
gen receptors (relative binding affinity of 0.003 times 
that of dihydrotestosterone), its ability to stimulate ven- 
tral prostate growth in immature castrated rats only to 
the same degree as progesterone (relative potency of 
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Fig. 2. Sumulation of ventral prostate growth after administration to immature castrated rats. (Rel- 
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0.003 to 0.03 times that of testosterone),° and its virtual 
lack of affinity for human sex hormone—binding glob- 
ulin (SHBG) in vitro (inhibiting concentration of 50% 
[IC] > 10,000 nmol/L).’ 

To determine whether 17-deacetyl norgestimate, 3- 
keto-norgestimate, or levonorgestrel contributes to the 
pharmacologic activity of the parent drug, these ste- 
roids were tested in the same assays described above. 
If any of these metabolites contribute significantly to 
the pharmacologic activity of norgestimate, their phar- 
macologic activity profile would be consistent with that 
observed after the administration of norgestimate. 

17-Deacetyl norgestimate, 3-keto norgestimate, and 
levonorgestrel demonstrate affinity for progestin re- 
ceptors by displacing >H-R5020 from rabbit uterine re- 
ceptors with relative binding affinities of 0.94, 5.21, and 
5.41 times that of progesterone, respectively. These 
steroids also stimulate the endometrium of estrogen- 
primed immature rabbits with relative potencies of 1.4, 
3.4, and 4.9 times that of norgestimate, respectively.® 
Therefore each of these three steroids show proges- 
tational activity. However, to evaluate whether they 
might act as biologically active metabolites of norges- 
timate, it was necessary to also assess their androgen- 
icity, because a lack of androgen-related pharmacology 
is a characteristic or norgestimate. 

Comparative laboratory assays show that levonor- 
gestrel and 3-keto norgestimate have a pharmacologic 
profile different from that of norgestimate. Therefore 
it appears unlikely that either of these steroids con- 
tributes significantly to the pharmacologic response of 
norgestimate. In contrast to norgestimate, levonorges- 
trel has significant affinity for androgen receptors in 
vitro (relative binding affinity of 0.22 times that of di- 
hydrotestosterone),° significant stimulation of prostate 
growth in rats (relative potency of about 0.1 times that 
of testosterone; Fig. 2),° and significant affinity for hu- 


man SHBG in vitro (IC,, = 53.4 nmol/L).’ 3-Keto nor- 
gestimate also appears to be significantly androgenic, 
though less so than levonorgestrel. The relative binding 
affinity of 3-keto norgestimate for rat androgenic re- 
ceptors is 0.025 times that of dihydrotestosterone; its 
potency in stimulating prostate growth in rats is equal 
to that of levonorgestrel (Fig. 2), but this progestin 
exhibits no affinity for human SHBG in vitro 
(ICs, > 10,000 nmol/L). 

In contrast to levonorgestrel and 3-keto norgesti- 
mate, 17-deacetyl norgestimate, like norgestimate, has 
little or no activity in each of the three androgenic test 
models. Its relative binding affinity for rat androgen 
receptors is only 0.013 times that of dihydrotestoster- 
one; whereas its ability to stimulate prostate growth in 
rats is similar to that.of norgestimate (Fig. 2). Finally, 
it shows a lack of affinity for human SHBG in vitro 
(IC; > 10,000 nmol/L). 

These data suggest that it is unlikely that either le- 
vonorgestrel or 3-keto norgestimate contributes signif- 
icantly to the pharmacologic activity of norgestimate, 
since the androgenicity of these compounds is incon- 
sistent with the pharmacologic profile of norgestimate. 
However, the pharmacologic profile of 17-deacetyl nor- 
gestimate is similar to that of norgestimate, which sug- 
gests that it may be an important contributing metab- 
olite. 

Clinical studies. Based on the results of preclini- 
cal studies, norgestimate and 17-deacetyl norgesti- 
mate should have minimal effect on ethinyl estradiol— 
induced elevations in circulating levels of SHBG and 
high-density lipoprotein (HDL), whereas levonorges- 
trel and 3-keto norgestimate should significantly reduce 
these levels. This prediction has been based on the sen- 
sitivity of these levels to androgenic stimulation. SHBG 
levels in women during combined oral contraceptive 
use are considered a measurement of the relative es- 
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trogen and androgen activities of the combined prod- 
uct, since estrogens elevate and androgens lower SHBG 
levels.*° Another androgen-sensitive parameter Is lipid 
levels. It has been shown that estrogens elevate HDL 
levels whereas androgens have the opposite effect.” 

Two of the progestins, norgestimate and levonor- 
gestrel, are used in combination with ethinyl estradiol 
as oral contraceptives and have been compared for 
their effects of SHBG and HDL levels. In a study of 
40 women after four treatment cycles, norgestimate 
does not appreciably inhibit estrogen-induced eleva- 
tions in SHBG levels (161.2% change from pretreat- 
ment levels after norgestimate: ethinyl estradiol, 
250: 35 ug). However, the relatively lower SHBG 
levels in women treated with the levonorgestrel product 
(26.2% change from pretreatment after levonorges- 
trel : ethinyl estradiol, 150 : 30 pg) indicate that levo- 
norgestrel has markedly reduced the elevation in 
SHBG levels resulting from ethinyl estradiol. In a large 
multicenter study of these same two oral contraceptives 
in more than 1000 women, significant elevations in 
HDL levels were observed after 3, 6, 12, and 24 cycles 
of treatment with the norgestimate—ethiny] estradiol 
product {8.8% maximum increase), which is in contrast 
to the significant decrease in HDL levels observed dur- 
ing these same cycles of treatment with the levonor- 
gestrel product (7.6% maximum decrease)." 

These clinical data and the laboratory data demon- 
strate very different profiles for norgestimate and le- 
vonorgestrel, suggesting that levonorgestrel does not 
appear to make an important contribution to the phar- 
macologic activity of norgestimate. 


Pharmacokinetics of norgestimate and 

17-deacetyl nergestimate 

The pharmacologic evaluation of norgestimate’s me- 
tabolites has suggested that 17-deacetyl norgestimate 
might contribute to the response. Studies by Madden 


and Back (see this Supplement) demonstrate that 17- 
deacetyl norgestimate is the major metabolic product 
of norgestimate in human intestinal and hepatic tissues 
in vitro. 

A recent study in our laboratory that characterized 
the pharmacokinetics of norgestimate and 17-deacety] 
norgestimate in the serum of women after norgestimate 
administration is consistent with the significant contri- 
bution of this metabolite to the response to norgesti- 
mate. In this study, 10 healthy women have received 
single (day 1) and multiple doses (days 4 to 10) of two 
identical tablets, each containing 0.180 mg of norges- 
timate and 0.035 mg of ethinyl estradiol (the norges- 
timate clinical dose is 0.250 mg daily). Intensive blood 
sampling has been performed after the first and last 
doses. Serum concentrations of norgestimate and 17- 
deacetyl norgestimate have been measured by high- 
pressure liquid chromatography—radioimmunoassay 
procedures (unpublished data). Norgestimate is rapidly 
absorbed from the tablets. Mean peak norgestimate 
concentrations of 100 pg/ml are observed within 1 hour 
of administration, both after single dose and at steady 
state (Fig. 3), followed by a rapid decline caused by 
distribution and elimination. Norgestimate concentra- 
tions after single- or multiple-dose administration are 
generally below assay detection within 5 hours after 
dosing, which precludes an accurate determination of 
its elimination half-life. 

Consistent with the in vitro studies in human intes- 
tinal and hepatic tissues, the metabolite 17-deacetyl 
norgestimate appears rapidly in serum after single and 
multiple norgestimate doses, with concentrations 
greatly exceeding those of norgestimate (Fig. 3). Mean 
peak concentrations of 3597 and 4436 pg/ml are ob- 
served at 1.5 and 1.4 hours after single dose and at 
steady state, respectively, which indicates that there is 
a rapid and substantial conversion of norgestimate to 
17-deacetyl norgestimate after oral administration of 
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norgestimate. A certain degree of accumulation of the 
17-deacetyl norgestimate is observed after multiple 
dosing, as would be anticipated from its estimated half- 
life of 16 to 17 hours. 


Comment 


Significant progress has been made in understanding 
the contribution of metabolites to the response to nor- 
gestimate. However, additional studies are needed. 
Other metabolites need to be identified, but it is im- 
portant to point out that relatively few metabolites have 
been identified for any steroid to date and that such 
work is painstakingly difficult and time consuming. 
Blood levels of other metabolites also need to be de- 
termined. However, because some of these metabolites 
bind strongly to SHBG in serum and SHBG 1s signif- 
icantly elevated in women using norgestimate—ethinyl 
estradiol, the measurements of these metabolites and 
the relationship of such measurements to their contri- 
bution to the response are complicated. 

The studies reported here indicate that 17-deacetyl 
norgestimate, together with the parent drug, contrib- 
utes significantly to the response to norgestimate. Sig- 
nificant blood levels of this metabolite have been dem- 
onstrated in women after norgestimate administration, 
and its pharmacology is consistent with that of norges- 
timate. 
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Serum pharmacokinetics of orally administered desogestrel and 


binding of contraceptive progestogens to sex 


hormone—binding globulin 
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Wim van Lier, MSc, Gerrit Yoortman, MSc, and Ingelise Qvist, MD” 


Oss, The Netherlands, and Horsens, Denmark 


Serum levels of 3-ketodesogestre! and ethiny! estradiol were analyzed by radioimmunoassay in a balanced 
crossover study with two tablet formulations containing desogestrel (0.150 mg) and ethinyl estradiol (0.030 
mg) in 25 women under steady-state conditions after 21 days of treatment. The pharmacokinetic properties 
of desogestrel were characterizec by the following parameters: (1) maximum serum concentration, (2) time 
to maximum serum concentration, (3) total area under the serum concentration versus time curve, and (4) 
serum half-life of elimination. The interindividual variation in these parameters was comparable with that 
observed with other contraceptive combinations containing ethiny! estradiol and norethisterone, 
levonorgestrel, or gestodene. The serum distribution of contraceptive progestogens is known to be 
determined by their affinity to sex harmone—binding globulin and the concentration of sex 
hormone—binding globulin. We analyzed the structural features that determine binding to sex 
hormone—binding globulin. The 18-methyl group increased and the 11-methylene group weakened the 
binding to sex hormone—binding globulin. The double bond at C-15 reinforced the binding only when 
combinec with an 18-methyl group. Therefore, the binding of levonorgestrel (the 18-meihyl derivative of 
norethisterone) and gestodene (the A-15,18 methyl derivative of norethisterone) to sex hormone—binding 
globulin was much stronger than that of 3-keto-desogestrel and norethisterone. (Am J Opstet GYNECOL 


1990;163:2132-7.) 
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globulin 


The pharmacokinetics and metabolism of contracep- 
tive progestogens and ethinyl estradiol (EE) have been 
analyzed in several studies,’’ and considerable variation 
was observed in the pharmacokinetic parameters. Only 
a few studies are adequate for a meaningful comparison 
of the rate and the extent of absorption and the rate 
of elimination, because in many studies data have been 
obtained with only a limited number of volunteers. 

Parameters that are characteristic for the pharma- 
cokinetic properties of the hormonal components in an 
oral contraceptive tablet, namely, maximal serum con- 
centration (Cmax), time to maximum serum concen- 
tration a max); area under the serum concentration ver- 
sus time curve (AUC), and serum elimination half life 
(Tel), are subject to several factors, which influence 
the variability. These factors result not only in consid- 
erable interindividual variation,”’ but also in intercen- 
ter variation in the pharmacokinetic parameters. 
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Relevant to this aspect may be variations in environ- 
mental factors, patient characteristics, assay methods, 
and the first-pass effect. The latter was reported as 
specifically relevant to plasma level variability.® 

It has also been concluded that levonorgestrel and 
gestodene are 80% to 100% bioavailable and therefore 
have no or a limited first-pass effect.” '° The bioavail- 
ability of other compounds (e.g., norethisterone, EE, 
and desogestrel) has been reported to be less. There- 
fore in the present study we analyzed the interindivi- 
dual variability of the mean values of the pharmaco- 
kinetic parameters (C,,,., tmas AUC, and t,,,el) for orally 
administered desogestrel in comparison with the values 
found in other studies with oral contraceptives con- 
taining EE and desogestrel, EE and levonorgestrel, EE 
and norethisterone, and EE and gestodene. 

In addition to presystemic metabolism (1.e., absorp- 
tion by the gut wall and first-pass metabolism in the 
liver), the plasma levels of contraceptive steroids 
strongly depend on binding to plasma proteins. A close 
correlation between plasma concentrations of levonor- 
gestrel or norethisterone and sex hormone—binding 
globulin (SHBG) binding capacity as found by Victor 
and Johansson" and Back et al. indicates the impor- 
tance of SHBG binding for the pharmacokinetics of 
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contraceptive progestogens. Therefore we have also 
analzyed the binding affinity of contraceptive proges- 
togens to SHBG. 


Material and methods 


Estimation of SHBG binding capacity. The SHBG 
binding capacity has been estimated with the dextran- 
coated charcoal method for the separation of bound 
and free steroid as described by Hammond and Lah- 
teenmaki.’ The binding was determined in the pres- 
ence of cortisol (200 nmol/L) to prevent binding to 
transcortin-binding sites. Human serum was diluted 
(dilution factor 26) with a 0.25% dextran-coated char- 
coal, 0.025% dextran T70 suspension in buffer (10 
mmol/L TRIS, 5 mmol/L CaCl, glycerol 0.3 mol/L, 
pH 7.4) and incubated for 30 minutes at room tem- 
perature to remove endogenous steroids. The mixture 
was centrifuged (15,000 N/kg for 10 minutes), and the 
stripped serum was used for the determination of the 
relative binding affinities of progestogens to SHBG. 

The relative binding affinities were estimated with a 
3-point parallel line assay." To determine relative af- 
finity, 0.100 ml of stripped serum and 0.100 ml of a 
saturating concentration of labeled 5a-dihydrotestos- 
terone and increasing concentrations of unlabeled pro- 
gestogens were incubated for 30 minutes at 37° C. Non- 
specific binding was measured in the presence of 100 
nmol/L of unlabeled 5a-dihydrotestosterone. The re- 
sults of several tests were combined according to the 
procedure described in the United States Pharmacopeia." 

Estimation of pharmacokinetic parameters for EE 
and desogestrel. The preparations were as follows: (1) 
a tablet with a diameter of 6 mm, containing 0.150 mg 
of desogestrel + 0.030 mg of EE and (2) a smaller tablet 
with a diameter of 5 mm, which also contained 0.150 
mg of desogestrel + 0.030 mg of EE. 

Volunteers. Twenty-five healthy female volunteers, 
ages 20 to 29 years, who voluntarily gave written in- 
formed consent, participated in this study. The subjects 
were accurate with respect to tablet intake, had a cycle 
length around 28 days (28 + 2 days), and had less than 
three abnormal-linked laboratory values during bio- 
chemical and hematologic screening before treatment. 

The subjects also fulfilled the following criteria: (1) 
women were excluded during 3 months after a partus, 
an abortion, or stopping breast-feeding; (2) women 
should not be heavy smokers (> four cigarettes daily), 
heavy drinkers (not more than five glasses per week 
and no alcohol was taken within 3 days before an as- 
sessment day), or overweight (< ideal weight + 20%); 
(3) women should not have been treated with oral con- 
traceptives or other hormonal preparations within a 2- 
month period before the start of the study or treated 
with an implant or injectable contraceptive within the 
previous 6 months were excluded. Moreover, women 
with a poor physical condition, abnormal fasting glu- 
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Table I. Relative affinities of norethisterone 
derivatives of norethisterone for SHBG 

Relative affinity to 
5a-DHT* (with 


95% confidence 
limits) 









Compound 





Testosterone (reference) 22.0 (20.0-24.2) 
NET 2.3 (2.1-2.6) 
A-15-NET 1.3 (1.2-1.4) 
l l-methylene-NET 2.6 (2.4-2.9) 
18-methyl-NET (levonorgestrel) 11.5  (10.2-13.0) 
11-methylene, 18-methyl-NET 3.9 (3.5-4.2) 
(3-ketodesogestrel) 
1 ]-methylene,A-15-NET 1.5 (1.3-1.6) 
A-15,18-methyl-NET (gestodene) 17.3. (15.8-18.9) 


l] 1-methylene,A-15,18-methyl-NET 4.7 (4.3-5.1) 


5a-DHT, 5a-Dihydrotestosterone; NET, norethisterone. 
*Results of three tests were combined. 


cose levels, a history of gestational diabetes, a history 
or a family history of diabetes mellitus, and diseases 
known to be associated with lipid disorders were also 
excluded. Special attention was also given to the general 
exclusion criteria (thromboembolic disease, known or 
suspected estrogen-dependent tumors, etc.). Finally, 
subjects did not take rifampicin, tetracycline, phenyl- 
hydantoin, and phenobarbital during the 2 months be- 
fore the start of treatment and during treatment. 

Design. The volunteers were randomly divided over 
two groups. Group I consisted of 11 volunteers and 
group II consisted of 14 volunteers. 

Group I started with the 6 mm tablet and group II 
started with the 5 mm tablet in the first treatment cycle. 

After 21 days of treatment a tablet-free period of 7 
days followed, after which the treatments were re- 
versed. Group I then received the 5 mm tablet for 21 
days and group II received the 6 mm tablet for 21 days. 

Blood sampling scheme. Just before and after the 
twenty-first dose, blood samples were taken for 3- 
ketodesogestrel and EE determinations. Sampling on 
day 21 started at 8:00 am, just before the intake of 
tablet 21. The day before sampling, no food was taken 
after 8:00 pm. The samples were taken at the following 
times: 0 (just before intake), 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 
6, 8, 12, 16, 24, 48 and 72 hours after intake of the 
tablet. 

Blood was allowed to clot at room temperature for 
30 minutes and then centrifuged at 2.5 x 10* N/kg for 
10 minutes at 4° C. Serum was collected, frozen, and 
stored at — 20° C until analysis. 

EE and 3-ketodesogestrel assay. EE concentrations 
were estimated by a specific radioimmunoassay using 
17a-[6,7--H]-EE (New England Nuclear) as tracer, spe- 
cific activity 2200 gigabecquerel (GBq)/mmol, and 
anti-serum raised in rabbits against EE-3-succinyl— 
bovine serum albumin. The working dilution of the 
antiserum was 1/16000. The detection was accurate 
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Fig. 1. Relative binding affinities (RBAs) of progestogens derived from norethisterone to SHBG. 


with variation coefficients of <25% over the range of 
20% to 80% relative binding of ligand to antibody. The 
sensitivity of this radioimmunoassay approximated 150 
fmol/ml at 50% relative binding and 65 fmol/ml at 80% 
relative binding. Therefore sensitivity was sufficient for 
the detection of serum values of EE up to at least three 
elimination half-lives, namely, 180 and 100 fmol/ml 
were detected 48 and 72 hours, respectively, after in- 
take of the last tablet. | 

3-Ketodesogestrel concentrations were estimated by 
a radioimmunoassay using [16,°H]3-ketodesogestrel 
(Organon) as tracer, specific activity 1702 GBq/mmol, 
and antiserum raised in rabbits against 3-ketodesoges- 
trel-3-(0-carboxymethyl)oxime—bovine serum albu- 
min. The working dilution of the antiserum was 
1/50000. Cross-reacting metabolites did not interfere, 
because they are not believed to be present in serum 
in measurable amounts after desogestrel treatment.’® 
The sensitivity of this radioimmunoassay approximated 
300 fmol/ml at 50% relative binding of ligand to an- 
tibody. This sensitivity was sufficient to detect the serum 
levels of 3-ketodesogestrel 48 and 72 hours after intake 
of the last tablet, namely, 1300 and 700 fmol/ml, re- 
spectively. 

For both methods, before assay the samples were 
extracted with 3 ml “Baker SPE octadecyl (C18)” dis- 
posable columns. SAC-CEL (Wellcome Diagnostics), 
donkey antirabbit antiserum coupled with cellulose, was 
used to perform bound/free ligand separation. 

Pharmacokinetic calculations. The following phar- 


macokinetic parameters were calculated from the 3- 
ketodesogestrel serum levels: 

1. Caa and taa were taken from the measured serum 
level data. 

2. Elimination half-life (tiel): by means of the in- 
dividual plots of the log-concentration versus 
time, it was established from which time onward 
up to the last time the curve was approximately 
log-linear. 

3. Using log-linear regression on these terminal data 
points, the elimination half-life for each individual 
subject was estimated. 

4. AUC,: The AUCs», (= AUC of one dosing inter- 
val) was calculated by means of the linear trape- 
zoidal rule. 


Results and comment 


Binding of contraceptive progestogens to SHBG. 
The pharmacokinetics of contraceptive progestogens 
are known to be influenced by the binding to SHBG. 
During multiple dosing of OCs containing EE and 
norethisterone, levonorgestrel, gestodene,” or deso- 
gestrel,"” a progressive rise in the serum concentra- 
tion of these progestogens or their active metabolite 
was found, which was correlated with the rise in 
SHBG.' '7 9 All the progestogens are bound to a 
variable degree to SHBG’ as a result of a variation in 
their affinity to SHBG. In the present study we have 
estimated the binding affinities of the progestogens de- 
rived from norethisterone. Table I shows the relative 
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Fig. 2. Serum concentration of EE after the administration of 
two tablet formulations containing 0.150 mg of desogestrel 
and 0.030 mg of EE in 25 women on day 21 of the treatment 
cycle. 


binding affinities of norethisterone and the seven 
possible derivatives of norethisterone containing 18- 
methyl, Ll-methylene, or A-15 substituents alone or 
combinations of these substituents. Norethisterone, le- 
vonorgestrel (18-methyl derivative), 3-ketodesogestrel 
(11-methylene, 18-methyl derivative), and gestodene 
(A-15, 18-methyl derivative) are presently used for con- 
traceptive purpose. Norethisterone displays weak bind- 
ing (relative binding affinity = 2.3%). The introduc- 
tion of a 18-methyl group in norethisterone results in 
a significant increase in binding affinity (the relative 
binding affinity of levonorgestrel is 11.5%, as was found 
previously’), whereas the 11-methylene group and the 
double bond at position C-15 had no effect or resulted 
in a significant decrease, respectively. However, the in- 
troduction of the double bond at position C-15 (A-15 
substitution) in levonorgestrel resulted in a further in- 
crease. The relative binding affinity of gestodene 
(17.3%) was only slightly less than that of testosterone 
(22%). The combination of the 11l-methylene group 
and the 18-methyl group (3-ketodesogestrel) displayed 
a weak binding as did the combination of the double 
bond at position C-15 and the methylene group at C- 
11 (ll-methylene, A-15-norethisterone). The com- 
pound with all three possible modifications had a weak 
binding to SHBG. The influence of all these modifi- 
cations of the norethisterone molecule is schematically 
represented in Fig. 1. 

Pharmacokinetics of desogestrel (0.150 mg) and EE 
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Fig. 3. Serum concentration of 3-ketodesogestrel after the 
administration of two tablet formulations containing 0.150 mg 
of desogestrel and 0.030 mg of EE in 25 women on day 21 of 
the treatment cycle. 


(0.030 mg) in tablets under steady-state conditions. In 
the present study we have estimated serum EE and 
serum 3-ketodesogestrel concentrations in 25 women 
in a crossover bioequivalence study with two types of 
tablets containing 0.030 mg of EE and 0.150 mg of 
desogestrel, which were taken for 21 days. Volunteers 
were divided into two groups. One group started with 
the smaller tablet (5 mm), whereas the other group took 
the larger 6 mm tablet. Treatment was reversed after 
21 days of treatment and a tablet-free period of 7 days. 
Blood samples were taken just before and after the last 
tablet of each treatment cycle (day 21) for the estimation 
of EE and 3-ketodesogestrel. The results demonstrated 
complete bioequivalence for both tablets. 

Mean plasma EE and 3-ketodesogestrel concentra- 
tions after intake of both tablets at day 21 of the treat- 
ment cycles are shown in Figs. 2 and 3, respectively. 
The ratio of peak levels (Cmax) and AUC in the present 
study are comparable with the ratios found with other 
combined OCs.*!” 

The pharmacokinetics of EE are best described by a 
two-compartment model as found by Htimpel et al.” 
and Back et al.* In the present study there was no ev- 
idence of an increase in serum EE between 10:00 am 
and 2:00 pm after table intake as found by Back et al.,™ 
after a single oral dose. Such an increase was considered 
indicative for enterohepatic circulation. Variable values 
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Table II. Variability in pharmacokinetic parameters of EE administered orally in combination with 


desogestrel (present study) or norethisterone 


Author + dose 


Present study (n = 25) 1.4 + 0.8* 
(steady state; 0.030 mg) (cv = 57%) 

Stanczyk et al.? (n = 24) L5- 0.0 
(single dose; 0.120 mg) (cy = 40%) 


C was AUCg 2, 
(pg/ml) (ng - hr/ml) tu (hr) 


739 + 308 5.02 + 1.57 29.1 + 13.0 
(cv = 42%) (cv = 31%) (cv = 45%) 
574 + 21] 4.85 + 1.81 9.4 + 3.18 
(cv = 37%) (cv = 37%) (cv = 33%) 


From Stanczyk FZ, et al. Contraception 1983;28:241-5. Reprinted by permission of the copyright holder, Butterworth- 


Heinemann. . 
cu, Coefficient of variation. 
*Values are mean + standard deviation. 


Table III. Variability in pharmacokinetic parameters of desogestrel, norethisterone, levonorgestrel, and 


gestodene administered orally in combination with EE 


AUC 
taas (hr) Cras (ng/ml) (ng hr/ml) ty (hr) 


Authors + dose 


Present study (n = 25) (0.150 mg desogestrel 1.6 + 1.0* 3.69 + 0.97* $5.9 + 7.8* 23.8 + 5.3* 
steady state with 0.030 mg EE) . (cv = 62%) (cv = 27%) (cv = 23%) (cv = 22%) 

Hasenack et al.® (n = 10) 0.150 mg desogestrel; 1.75 + 0.75 6.36 + 1.75 45,5 + 24.4 ND 
steady state with 0.030 mg EE) (cv = 42%) (cv = 28%) (cv = 54%) 

Kuhl et al. {n = 11) (0.150 mg desogestrel; ND 32.0 + 14.3 ND 
steady state with 0.030 mg EE) (cv = 45%) 

Back et al.” (n = 9) (0.150 mg desogestrel; sin- ND 19.1 + 6.5 12.4 + 4.1 
gle dose with 0.030 mg EE) (cv = 34%) 

Stanczyk et al.” (n = 24) (1.0 mg norethisterone; 1.17 + 0.65 15.7 + 6.17 84 + 29.4 8.1 + 1.9 
single dose with 0.120 mg EE) (cv = 59%) (cv = 39%) (cv = 35%) (cv = 24%) 

Hümpel et al.” (n = 6) (0.150 mg levonorgestrel 3.2 + 1.0 32 + 10 27 + 4.6 
cv = 17%; single dose with 0.030 mg EE) (cv = 31%) (cv = 31%) 

Back et al.® (n = 9) (0.150 mg levonorgestrel; 3.8 + 1.2 20 + 7.3 8.0 + 3.2 
single dose with 0.030 mg EE) (cv = 31%) (cv = 39%) (cv = 40%) 

Tauber et al.® (n = 6) (0.075 gestodene; single 3.6 + 1.4 35.0 + 16.6 11.8 + 2.3 
dose with 0.030 mg EE) (cv = 39%) (cv = 47%) (cv = 20%) 





ND, Not determined; cv, coefficient of variation. 
*Values are mean + standard deviation. 


of the t,pel of EE have been found in various studies.’ 
For a proper estimation of the tel, serum concentra- 
- tions should be followed for at least three half-lives, 
because a shorter observation period will result in an 
underestimation of the value for txel. In the present 
study the last point was estimated 72 hours after dosing 
and the corresponding tsel for EE was 29.1 hours 
(Table II). This value was longer than the values found 
in most studies but was comparable with the value es- 
timated by Hiimpel et al.” (26 hours). The interindi- 
vidual variation in the pharmacokinetic parameters 
characteristic for rate (tmas, Cmax) and the extent of ab- 
sorbtion (AUC) is considerable (coefficient variance 
about 30% to 40%; Table I). This value is comparable 
with the variability in the parameters for EE as found 
in the study performed by Stanczyk et al,” who 
used a similarly large number of volunteers (Table 
II). The mean serum level versus time profile for 3- 
ketodesogestrel after the administration of 0.150 mg 
of desogestrel in combination with 0.030 mg of EE is 
shown in Fig. 3. Mean peak levels of 3.69 ng/ml were 
attained within 1 to 2 hours (1.6 hours) after dosing. 
The calculated AUC was 35.9 ng/ml, which closely re- 


sembles the AUC found by Kuhl et al.'® (32.0 + 14.3). 
The serum level variability of 3-ketodesogestrel in the 
present study is of the same order of magnitude as the 
variability in serum levels of norethisterone,” levonor- 
gestrel,** = and gestodene” (Table III). 

It has been suggested by Goldzieher*® that variability 
in plasma levels should be attributed to differences in 
first-pass effect. The present results indicate that the 
intersubject variability in the pharmacokinetics of de- 
sogestrel was comparable with that of levonorgestrel, 
norethisterone, and gestodene. The bioavailability of 
levonorgestrel? and gestodene” has been reported to 
be nearly 100%, whereas the bioavailability of noreth- 
isterone,? EE, and desogestrel” was less. The vari- 
ability in serum levels for all these compounds was, 
however, comparable. Therefore we conclude that the 
comparable variability cannot be related to possible dif- 
ferences in first-pass effects. 
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Gastrointestinal metabolism of contraceptive steroids 


David J. Back, PhD, Steven Madden, BSc, and Michael L’E. Orme, MD 


Liverpool, England 


A number of oral contraceptive steroids undergo first-pass metabolism in the gastrointestinal mucosa. 
Ethinyl estradiol (mean systemic bioavailability 40% to 50%) ìs- extensively metabolized, principally to a 
sulfate conjugate. In vivo studies that use portal vein catheterization and the administration of radiolabeled 
ethiny! estradiol have shown that the fraction of steroid metabolized in the gut wall is 0.44. In vitro studies 
with jejunal biopsy samples or larger pieces of jejunum or terminal ileum mounted in Ussing chambers 
have indicated that more than 30% of added ethiny! estradiol is sulfated. The progestogen desogestrel! is a 


prodrug that is converted to the active metabolite 3-ketodesogestre!. Substantial first-pass metabolism of 


desogestrel occurs in the gut mucosa, with evidence from Ussing chamber studies for the formation of the 
active metabolite. Another progestogen, norgestimate, is also metabolized by the gut wall in vitro of which 

the principal metabolite is the deacetylated product, norgestrel oxime. It seems very likely that this will also 
occur in vivo. Drug interactions occurring in the gut wall have been reported with ascorbic acid (vitamin C) 


and paracetamol. (Am J OBSTET GynecoL 1990;163:2138-45.) 


Key words: Intestinal metabolism, contraceptive steroids, ethinyl estradiol, desogestrel, 


norgestimate 


The first suggestion that estrogens were metabolized 
in the: gastrointestinal mucosa came from studies 
performed by Lehtinen et al. ?; they showed the 
formation of a glucuronide conjugate of 17f-estradiol 
in rat duodenal slices. Further studies in the rat con- 
firmed the formation of this metabolite? and also dem- 
onstrated the metabolism of estriol to the 16- and 17B- 
monogluconides. At the same time, Diczfalusy et al.,*? 
demonstrated the formation of glucuronide conjugates 
of estriol and estrone in patients either with a biliary 
fistula or who required surgery on the small intestine 
and in whom an isolated loop of small intestine was 
formed. A number of other studies on the gut wall 
metabolism of natural estrogens were subsequently re- 
ported, and these have been reviewed by Adlercreutz 
et al. Interest in the possible intestinal metabolism of 
synthetic estrogens (and progestogens) has been much 
more recent. The stimulus to work in this area was the 
finding that ethinyl estradiol (EE,) was well absorbed 
in women but had only a mean systemic bioavailability 
of 40% to 50%.’ The possibility of presystemic metab- 
olism in both the gut wall and the liver had to be con- 
sidered. This article summarizes studies, both in vi- 
tro and in vivo, on the gut wall metabolism of EE, 
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Fig. 1. Diagram of Ussing chambers. 


in humans. The intestinal metabolism of the proges- 
togens desogestrel and norgestimate is dlso con- 
sidered. _ 


intestinal metabolism of EE, 


In vivo studies: Portal vein catheterization. Five pa- 
tients (ages 58 to 70 years; three men and two women) 
who had recently undergone surgery for carcinoma of 
the colon and had then received 5-flurouracil admin- 
istration into the portal vein by a cannula inserted 
through the remnant of the umbilical vein participated 
in the study.’ After an overnight fast, a single tablet of 
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Table I. Area under plasma radioactivity versus time curve for the diffference between portal and 
peripheral venous samples for nonether extractable (conjugates) and total radioactivity; third column 
shows fraction of drug metabolized in the gut wall on first pass; subjects were given an oral dose of 50 pg 


(65 pCi) EF, 










AUCyes = AUC. 


Subject (dpm +m! X min) 





53,040 
14,915 
22,055 
106,370 
70,985 


Wom OF NM — 











Fraction of drug 
metabolized in the 


gut wall (fing) 






AUCupy ak AUCy+r 
(dpm m` X min) 





85,125 0.62 
52,815 0.28 
61,775 0.40 
295,610 0.47 
161,745 0.44 


mean + SE 0.44 + 0.05 


From Back DJ, Breckenridge AM, Maclver M, et al. The gut wall metabolism of ethinyloestradiol and its contribution to the 
pre-systemic metabolism of ethinyloestradiol in humans. Br J Clin Pharmacol 1982; 13:325-30. 


fme, First pass. 


Table II. Metabolism of EE, by human small intestine; EE, and conjugates were determined in mucosal 
and serosal chambers 2 hours after addition of [*H]-EE, (2 wCi; 80 ng) to the mucosal chamber 


% of added drug present as 


. Unconjugated 
% net transport steroid Sulfates | Glucuronides 


Mucosal os 
Serosal 9320.8 


56.6 + 11.4 33.3 + 12.4 2, 
0.4 + 0.3 


+23 
0.7 = 0.5 0.9 + 0.8 


Reprinted from Rogers SM, Back DJ, Orme MLE. Intestinal metabolism of Cun i and paracetamol in vitro: studies 


using Ussing chambers. Br J Clin Pharmacol 1987;23:727-34, 


Results are mean + SD (n = 10) of tissues from five patients. — 


Eugynon 50 (50 pg EE, incorporationg 65 wCi°H-EE,; 
500 ug norgestrel) was given by mouth. Before dosing 
and at 10, 20, 30, 40, 50, and 60 minutes after dosing, 
blood samples were taken simultaneously from the por- 
tal vein cannula and from a cannula inserted into a 
forearm vein. Total radioactivity and ether extractable 
radioactivity (before and after hydrolysis with B- 
glucuronidase/sulfatase enzyme) were determined. 

The following equations for the rate of drug ab- 
sorption across the gastrointestinal mucosa (dAa/dt) 
and the rate of metabolism of EE, by the mucosa 
(dAm/dt) were used to calculate the fraction of EE, 
metabolized. 


te 
= = Qe’ Curt _ 


Que Car (1) 
where Qyp is the blood flow in the hepatic portal vein, 
Curr is the concentration of total radioactivity in the 
hepatic portal vein, and C, «ris the concentration of total 
radioactivity in the mesenteric artery. 


dAm 
Pa = = Qr ' Cum ug Qup ` Cam (2) 
where Cups 1S the concentration of metabolite in the 
hepatic portal vein and Cy, is the concentration of 
metabolite in the mesenteric artery. 


With the assumption that Car = Cyr and Cam = 
Cy. m, where Cy and Cy ,, are the concentration of total 
radioactivity or metabolite in the peripheral vein, in- 
tegration of equations | and 2 yields: 


Amount of total drug absorbed 
(D) = Que (AUCupr ~ AUC,.r) 
and 


Amount of conjugate absorbed 
(Au) = Qur (AUCurs ~ 


Therefore the fraction of EE, metabolized in the gut 
wall on. the first pass (fmo) 


fm. = A (AUCpp ae AUG, m) 
ie is AUCye + a AUC, +) 


The mean fraction of EE, metabolized in the gut wall 
was 0.44 (Table I). This was nearly twice as much as 


that in the liver (0.25). 
Clearly there are certain limitations in this portal vein 


study, in that the patients were elderly, had first 
undergone major surgery, and had also received 5- 
fluouracil. However, these factors might be expected 
to reduce rather than enhance intestinal metabolism. 
Further supportive evidence for the importance of 
intestinal sulfation has come from a study in which 
plasma concentrations of EF, and EE,-sulfate were de- 
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Fig. 2. A representative high-performance liquid chromatograph of an ether extract of mucosal 
fluid in a study with [PH]-EE.. Peak assignments are based on co-chromatography with authentic 
unlabeled steroids. Similar profiles were also obtained after hydrolysis with sulfatase/B-glucuronidase 
enzyme, indicating the presence of small amounts of oxidative metabolites in both unconjugated 
and conjugated fractions. (Modified from Rogers SM, Back DJ, Orme ML’E. Intestinal metabolism 
of ethinyloestradiol and paracetamol in vitro: studies using Ussing Chambers. Br J Clin Pharmacol 


1987;23:727-34.) 


termined after intravenous and oral administration of 
EF..° After oral dosing, the area under the curve (AUC) 
from 0 to 24 hours of plasma EE,-silfate was 18 times 
higher than the AUC of EEs. After intravenous admin- 
istration, the AUC of the sulfate was only six times 
greater than that of EE». These data are consistent with 
extensive first-pass metabolism. 

In vitro studies with human jejunal biopsies. Jejunal 
biopsy samples were obtained from 20 subjects by 
means of the Quinton hydraulic biopsy sampler." Sam- 
ples were incubated with radiolabeled EE, in Krebs- 
Henseleit buffer for 1% hours at 37° C. After ether 
extraction, the aqueous phases were subjected to hy- 
drolysis by sulfatase in the absence and presence of 
glucaro-1,4-lactone. Conjugation was extensive (38% of 
added EE, was nonether extractable after incubation), 
and sulfation appeared to be more important than glu- 
curonidation. Conjugates were of parent EE,, with the 
extent of conjugation directly related to the weight of 
biopsy tissue. 

It was of interest that in a parallel study with mes- 
tranol (the 3-methyl prodrug of EE») and levonorges- 
trel, only approximately 5% of both drugs was conju- 
gated. | 

In vitro studies with Ussing chambers. Histologi- 
cally normal jejunum or terminal ileum was obtained 
from five patients undergoing resections for localized 
tumors, diverticulosis, and Crohn disease.!’. While 
mounted on a glass tube, the muscularis externa was 
stripped off the mucosa, and then after a longitudinal 


incision, the mucosal sheets were mounted between two 
perspex chambers (Ussing chambers; Fig. 1). After the 
addition of radiolabeled EE, (2 Ci; 80 ng) to the mu- 
cesal chamber (total volume 2.5 ml of Krebs-Henseleit 
buffer at 37° C), sampling was undertaken from beth 
the mucosal and serosal chambers at intervals to 2 
hours. Aliquots of mucosal and serosal fluid were 
extracted with ether for the determination of uncon- 
jugated steroid. Aliquots of the remaining aquecus 
phase were incubated for 2 hours at 37° C with B- 
glucuronidase/sulfatase enzyme either in the presence 
or absence of glucaro-1,4-lactone. After extraction 
of liberated steroid, extracts were evaporated to dry- 
ness, and the residue was dissolved in a small volume 
of methanol for high-performance liquid chromato- 
graphic analysis." 

The overall net transport of steroid from the mucosal 
chamber to the serosal chamber in 2 hours was low 
(2.3% + 0.8%), with the presence in the serosal cham- 
ber at that time of unconjugated (free) steroid 
(0.4% + 0.3%), sulfate conjugates (0.7% + 0.5%), and 
glucuronide conjugates (0.9 + 0.8%) (Table IJ). In the 
mucosal chamber 56.6% + 11.4% of the added. drug 
was present as unconjugated steroid, 33.3% + 12.4% 
as sulfate conjugates, and 2.1% + 2.3% as glucuro- 
nides. 

High-performance liquid chromatographic analysis 
of the mucosal fluid revealed some evidence of 
trace amounts of phase I hydroxylated metabolites 
(Fig. 2). 


Volume 163 


Number 6, Part 2 


% Radioactivity i 
18 ; 


Dg 











40 
Eluate fraction 


10 20 30 


Fig. 3. Representative high-performance liquid chromatograph of an ether extract of mucosal fluid 
in a study with [*H]-desogestrel. Solvent system was acetonitrile/ water (55/45), which increased after 
15 minutes to 100% acetonitrile over a 5-minute linear gradient, followed by a 30-minute isocratic 
elution. Peak assignment is based on co-chromatography with authentic unlabeled standards. 3, 
3R-Hydroxy desogestrel; 7, 36-hydroxy, 5a-dihydro desogestrel; i, 3a-hydroxy desogestrel; iv, Ja- 
hydroxy, 5a-dihydro desogestrel; v, 3-keto, 5a-dihydro desogestrel. (Modified from Madden S, Back 
DJ, Martin CA, Orme ML’E. Metabolism of the contraceptive steroid desogestrel by the intestinal 
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mucosa. Br J Clin Pharmacol 1989;27:295-9.) 


Table III. Metabolism of desogestrel by human colon (patients | to 6) or ileum (patients 7 and 8); 
desogestrel and metabolites were determined in the mucosal chamber 2 hours after addition of 
[>H]-desogestrel (0.2 Ci; 100 ng) to the mucosal chamber 


Phase I 
metabolites Sulfates 


% of drug present in mucosal chamber as 


Patient Desogestrel Glucuronides 
1 (F; 81 yr) 61.4 20.2 17.0 1.4 
2 (M; 67 yr) 51.8 36.2 10.7 13 
3 (M; 57 yr) 64.6 20:0 10.6 1.3 
4 (M; 57 yr) 59.2 26.3 12.5 3.4 
5 (M; 65 yr) 33.3 48.6 15.3 2.9 
6 (M: 57 yr) 62.3 18.8 14.0 4.9 
Mean + SD 55.4 + 11.7 28.9 + 11.4 13.32 2:6 Ze hao 
7 (F; 82 yr) 65.8 8.2 24.2 1.8 
8 (F; 33 yr) 53.4 36:9 5.6 4.3 


From Madden S, Back DJ, Martin CA, Orme ML’E. Metabolism of the contraceptive steroid desogestrel by the intestinal mucosa. 


-= Br J Clin Pharmacol 1989;27:295-9. 


These observations, which indicated in excess of 30% 
of EE, was sulfated, are in agreement with the study’? 
that used small pieces of mucosa obtained at biopsy and 
with the findings of in vivo studies. 

Thus it appears that there is a difference between 
the intestinal metabolism of endogenous estrogens, 
which predominantly form glucuronide conjugates,* ° 
and synthetic EF», which is mainly sulfated. 


intestinal metabolism of desogestrel 
Desogestrel (13-ethyl-11-methylene-18,19-dinor- 
17a-pregn-4-en-20yn-17ol) is effectively a prodrug and 


is metabolized to the active metabolite 3-ketodesoges- 
trel." In a pharmacokinetic study of nine subjects, Back 
et al." demonstrated that the mean (+SD) bioavail- 
ability of 3-ketodesogestrel was 76% + 22% (range 
40% to 113%) after the oral administration of deso- 
gestrel to volunteers who also received intravenous 3- 
keto desogestrel. The possibility that intestinal metab- 
olism was involved in the first-pass metabolism of de- 
sogestrel has been examined in studies with Ussing 
chambers." 

. Histologically normal ileum or colon was obtained 
from eight patients undergoing resections for localized 
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Table IV. Effect of EE, (0.1, 1.0, and 10 pg) present in the mucosal chamber on the metabolism of 
desogestrel by human colon; desogestrel and metabolites were determined 2 hours after addition of 


[*H]desogestrel (0.2 Ci; 100 ng) to the mucosal chamber 


% of drug present in the mucosal chamber 


Parent 55.4 + 11.7 58.7 + 13.5 52.3 + 20.3 53.4 + 99.1 
Phase I 98.9 + 11.4 99.5 + 12.5 38.5 = 19.4 35.3 + 20.9 
Sulfates 13.3 + 2.6 E 2 2.6" 6.8 + 2.1F 6.9 + 2.6F 
Glucuronides 95+ 1.5 94+ 1.2 L.7 + 0.5 1.7 = 1.5 





From Madden S, Back DJ, Martin CA, Orme ML’E. Metabolism of the contraceptive steroid desogestrel by the intestinal mucosa. 


Br J Clin Pharmacol 1989;27:295-9. 
Mean + SD (n = 6). 
Significantly different from control (no EE,). 
*p < 0.05. 
tp < 0.01. 


Table V. Effect of paracetamol (either 50 ug or 1 mg present in the mucosal chamber) on the metabolism 
of EE, by human small intestine; EE, and conjugates were determined 2 hours after addition of [PH]-EE; 


(2 wCi; 80 ng) to the mucosal chamber 


Added drug (%) present in mucosal chamber 


No paracetamol 


Unconjugated EE, 56.6 + 11.4 
Conjugates (total) 35.3 + 11.4 
Sulfates 33.3 + 12.4 
Glucuronides 2.1225 


Paracetamol 
IO pg | I mg 
67.0 + 9.6 88.1 + 10.14 
24.4 + 6.9* 10.0 + 9.07 
224:2 63" 6.8 + 4.6+ 
20-&27 3.1 + 5.0 


From Rogers SM, Back DJ, Orme ML’E. Intestinal metabolism of ethinyloestradiol and paracetamol in vitro: studies using 


Ussing chambers. Br J Clin Pharmacol 1987;23:727-34. 


Results are mean + SD of tissues (n = 10) from five patients for the controls, of tissues (n = 7) from three patients for 
paracetamol (50 pg), and of tissues (n = 10) from three patients for paracetamol (1 mg). 


Since in the presence of paracetamol <1% of steroid was transported to the serosal side, data are presented for drug present 


in mucosal samples. 
Significantly different from control. 
*p < 0.05. 
tp < 0.001. 


tumors. Mucosal sheets were prepared and mounted 
as previously described. Radiolabeled desogestrel ([*H]- 
desogestrel; 0.2 pCi; 100 ng) was added to the mu- 
cosal chamber. Two hours after the addition of [*H]- 
desogestrel more than 90% of the steroid was present 
in the mucosal chamber. In studies with the colon, me- 
tabolite analysis (by differential enzyme hydrolysis fol- 
lowed by high-performance liquid chromatography) 
showed that 55.4% + 11.7% (mean + SD; N = 6) of 
the drug present was desogestrel, 28.9% + 11.4% as 
unconjugated phase I metabolites, 13.3% + 2.6% as 
sulfate conjugates, and 2.5% + 1.5% as glucuronide 
conjugates (Table IIT). 

By co-chromatography with authentic metabolites 
and mass spectrometry, it was shown that the active 
metabolite (3-ketodesogestrel) was formed in the mu- 
cosa (Fig. 3). A large peak of the radioactivity did not 
co-chromatograph with any known metabolites and was 


x 


tentatively identified as ring hydroxylated products of 
3-ketodesogestrel. 

In comparison with the previously described studies 
with EE, several interesting points emerge. First, unlike 
EE,, which formed only trace amounts of hydroxylated 
metabolites, desogestrel apparently undergoes fairly 
extensive oxidative metabolism. It has been previously 
reported that in humans the liver:intestine ratio of 
cytochrome P-450 is approximately 20° and that cy- 
tochrome P-450—dependent phase I biotransforma- 
tions in the intestine is unlikely to contribute substan- 
tially to the overall metabolism of drugs‘in humans. 
Although it is difficult te draw conclusions regarding 
the contribution of the gut to first-pass metabolism of 
desogestrel in vivo, the metabolic profiles obtained 
in vitro give clear evidence of the potential of the gut 
to metabolize the steroid. Second, the formation of sul- 
fate conjugates in preference to glucuronide conjugates 
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was evident with both EE, and desogestrel. We followed 
this point up in a study in which we examined the effect 
of adding increasing concentrations of EE, (100 ng, | 
and 10 wg) to Ussing chambers containing radiolabeled 
desogestrel (1-e., a situation analogous with in vivo, in 
which the two steroids are present in the combined oral 
contraceptive (OC). Desogestrel sulfation was reduced 
by 32%, 49%, and 48% in the presence of 0.1, 1, and 
10 pg of EE,, respectively (Table IV). The D rings of 


desogestrel and EE, are identical, and therefore it is. 


possible that substrate competition exists for the same 
sulfotransferase enzyme, although some depletion 
of the PAPS (3’-phosphoadenosine-5’-phosphosulfate) 
pool by increasing EE, concentrations cannot be ruled 
out. 


Intestinal metabolism of norgestimate 


The possibility has been raised, principally on the 
basis of studies in female rhesus monkeys,” that 
metabolites of norgestimate (d-13-ethyl-17-acetoxy- 
18,19-dinor-17a-pregn-4-en-20-yn-3-oxime) and not 
norgestimate may be responsible for receptor binding. 
Sisenwine et al.” concluded that norgestimate appears 
to be a prodrug that is rapidly deacetylated to d- 
norgestrel-3-oxime, which is then hydrolyzed to d- 
norgestrel. The involvement of the intestinal mucosa 
in norgestimate metabolism was examined in studies 
with Ussing chambers. 

Histologically normal terminal ileum was obtained 
from patients undergoing various resections, and the 
mucosal sheets were mounted in Ussing chambers. Ra- 
diolabeled norgestimate (0.2 Ci; 10 ng) was added to 
the mucosal chamber with subsequent sampling at 15, 
30, 60, and 120 minutes. Conjugates were determined 
by hydrolysis with B-glucuronidase~sulfatase enzyme 
and metabolites by radiometric high-performance liq- 
uid chromatography with a mobile phase of meth- 
anol/water (70/30 v/v). Metabolite identification was 
by co-chromatography with authentic standards. A time 
course of metabolite production by intestinal mucosa 
is shown in Fig. 4. Note that after 2 hours of incubation, 
46.3% + 18.4% (mean + SD) of the radioactive drug 
present was as unchanged norgestimate, 41.5% + 
21.6% as norgestrel oxime (deacetylated norgestimate), 
4.5% + 1.6% as norgestrel, 2.3% + 2.3% as norgestrel 
acetate (loss of oxime group), and 3.6% + 2.5% as con- 
jugates. 

These studies show very clear evidence of norgesti- 
mate metabolism, of which the principal metabolite is 
the deacetylated product norgestrel oxime. It seems 
highly probable that this will occur in vivo. 


Interactions of possible clinical significance in 

the gut wall 

Ascorbic acid. Ascorbic acid (vitamin C) forms a sul- 
fate in the gut wall and influences the metabolism and 
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Fig. 4. Time course of metabolism of norgestimate by human 
mucosa (terminal ileum). 


bioavailability of other drugs that are conjugated with 
sulfate (e.g., salicylamide).'* Therefore we studied the 
effect of concurrent administration of ascorbic acid in 
five women receiving long-term OC therapy." The vol- 
unteers were studied in two consecutive menstrual cy- 
cles during the last week of OC administation. In ran- 
dom order, one of these acted as a control, and in the 
other week the OC was given with a 1 gm dose of 
ascorbic acid. Blood samples were obtained 6 and 24 
hours after the OC was taken on three consecutive days 
and plasma was analyzed for EE, and levonorgestrel by 
radioimmunoassay. 

In the presence of ascorbic acid, the mean EE, con- 
centrations increased at 6 hours from 49 to 57 pg: ml7! 
(+ 16.3%) and at 24 hours from 21 to 31 pg: ml’ 
(+47.6%). It was concluded that this increase was re- 
lated to a decrease in gut wall metabolism caused by 
competition for sulfation and that high doses of vitamin 
C would effectively cause a low-dose OC to become a 
high-dose preparation. 

Paracetamol. Histologically normal jejunum or ter- 
minal ileum was obtained from six patients undergoing 
resections, and mucosal sheets were mounted in Ussing 
chambers as previously described. Paracetamol, 50 pg 
or 1 mg, was added to the mucosal chamber (concen- 
trations equivalent to 20 wg: mi`' and 400 pg: ml"! 
in the bathing fluid). After a period of 20 minutes, 
radiolabeled EE, (80 ng; 2 pCi) was added to the cham- 
ber, and samples were removed at intervals to 2 hours. 
EE, and conjugates were determined after differential 
hydrolysis and extraction." 
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Table VI. Effect of a single dose of paracetamol (1 gm) on the AUC obtained for EE, for the time periods 
0 to 3, 0 to 6, 0 to 11, and 0 to 24 hours 














Time (hr) 


0-3 602 + 114 
0-6 . 1010 + 153 
0-11 1442 + 166 
0-24 2221 + 291 


AUC (pg mi! x hr) 


% increase 


996 + 959% | 54 
1417 + 265* 40 
1897 + 320% 39 
9702 + 459% 99 


From Rogers SM, Back DJ, Stevenson PJ, Grimmer SFM, Orme ML’E. Paracetamol interaction with oral contraceptive steroids: 
increased plasma concentrations of ethinyloestradiol. Br J Clin Pharmacol 1987;23:721-5. 


Table VII. Effect of a single dose of 
paracetamol (1 gm) on AUC obtained for 
LNG, EE,-sulfate, and EE,-glucuronide for the 
time period 0 to 24 hours 






AUCe24 (ng mlm! x hr) 






+ Paracetamol 


LNG 35.3 + 12.3 39.5 + 13.7 
EE,-sulfate 13.2 + 4.5 7.7 = 3.8* 
EE,-glucuronidet 8.3 + 4.5 16.2 = 1.8 


From Rogers SM, Back DJ, Stevenson PJ, Grimmer SFM, 
Orme ML’E. Paracetamol interaction with oral contraceptive 
steroids: increased plasma concentrations of ethinyloestradiol. 
Br J Clin Pharmacol 1987;23:721-5. 


Results are mean + SD of six subjects except fwhere data 
are from three subjects. 


*Significantly different from controls, p < 0.05. 


The effect of paracetamol on EE, metabolism is 
shown in Table V (mucosal data only). In the presence 
of 50 wg of paracetamol, there was a significant de- 
crease in total conjugates, which resulted from a de- 
crease in formation of EE,-sulfates. With the increase 
in paracetamol to 1 mg, unconjugated steroid was in- 
creased from a mean value of 56.6% (control) to 88.1%, 
total conjugates decreased from 35.3% to 10%, and 
EE.-sulfates decreased from 33.3% to 6.8%. 

These observations indicated that competition for 
sulfation occurred when both drugs were presented 
to the intestinal mucosa. Rogers et al.” suggested 
that a decrease in the PAPS (3’-phosphoadenosine-5’- 
phosphosulfate) pool was responsible for the decrease 
in steroid conjugation. 

This in vitro study was followed up by examining the 
effect of a conventional single dose of paracetamol 
(1 gm) on the plasma concentrations of EE, in the 24- 
hour period after ingestion of an OC (Table VI). The 
study was performed in six healthy volunteers in two 
consecutive cycles. Plasma EE}, EF,-sulfate (after hy- 
drolysis), and levonorgestrel were measured by radio- 
immunoassay. 

The area under the plasma concentration/time curve 


(AUC,.,,) of EE, was significantly increased by 22% after 
paracetamol administration (control 222] + 291; after 
paracetamol, 2702 + 452 pg: ml”! x hour; mean + 
SD; p< 0.05; Table VII). Plasma concentrations of 
LNG were unaltered by concurrent paracetamol ad- 
ministration. 

It was concluded that the increase in plasma EE, con- 
centrations resulted from a reduction in sulfation of 
the steroid, mainly in the gut wall, and that this inter- 
action could be of clinical significance in women on OCs 
who take paracetamol regularly. 

In conclusion, the studies described herein have 
highlighted the importance of gut wall metabolism in 
the overall disposition of some contraceptive steroids. 
EE, is primarily sulfated, desogestrel undergoes oxi- 


‘dative metabolism, whereas norgestimate principally 


undergoes hydrolysis with removal of the acetate 
group. | 

One of the main concerns in OC administration is to 
ensure that plasma concentrations are (1) adequate to 
achieve the contraceptive effect and (2) no higher than 
necessary so as to predispose to toxicity. The interac- 
tions occurring in the gut wall that have been reported 
(1.e., ascorbic acid and paracetamol) fall into the second 
category in that plasma EE, concentrations are raised 
as a result of competition for sulfation. It is also im- 
portant to know if in disease states of the gastrointes- 
tinal tract (e.g., celiac disease and Crohn disease), there 
is any modification of metabolism. We have recently 
found that EE, sulfation was reduced by more than 
60% in patients with celiac disease compared with con- 
trol subjects. After a period of gluten-free treatment, 
metabolic activity was restored.” Also in vivo the bio- 
availability of EE, 1s significantly greater in untreated 
patients with celiac disease compared with healthy con- 
trol subjects. 
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Factors affecting the enterohepatic circulation of oral 


contraceptive steroids 


Michael L’E. Orme, MD, and David J. Back, PhD 
Liverpool, England 


Oral contraceptive steroids may undergo enterohepatic circulation, but it is relevant for only estrogens, 
because these compounds can be directly conjugated in the liver. Animal studies show convincing 
evidence of the importance of the enterohepatic circulation, but studies in humans are much less 
convincing. The importance of the route and the rate of metabolism of ethinyl estradiol are reviewed. 
Some antibiotics have been reported anecdotally to reduce the efficacy of oral contraceptive steroids, but 
controlled stuides have not confirmed this observation. Although gut flora are altered by orai antibotics, the 
blood levels of ethinyl estradiol are not reduced, and one antibiotic at least (cotrimoxazole) enhances the 
activity of ethinyl estradiol. (Am J Opstet GYNECOL 1990;163:2146-52.) 


Key words: Enterohepatic circulation, contraceptive steroids, ethinyl estradiol, antibiotics, 


drug metabolism 


Oral contraceptive steroids have now been in wide- 
spread use throughout the world for at least 25 years. 
It is currently estimated that they are used on a regular 
basis by 55 to 60 million women. However, scientific 
knowledge about steroids is still deficient in many areas, 
particularly about how they are handled by the body. 
Since the development of specific and sensitive radio- 
immunoassays,’* we are now aware of the kinetic prop- 
erties of most of the contraceptive steroids.* The com- 
monly used estrogen, ethinyl estradiol (EE), 1s well ab- 
sorbed from the gastrointestinal tract, but undergoes 
extensive, although variable, presystemic (or first-pass) 
elimination. *° The other commonly used estrogen, 
mestranol, is essentially a prodrug and is metabolized 
by O-demethylation to EE, after oral absorption.® 
It appears that mestranol itself has no estrogenic ac- 
tivity. | 

The major progestogens are all well absorbed from 
the gastrointestinal tract. The chemical structures of 
norethisterone, a “first-generation” progestogen, and 
EE,, are shown in Fig. 1. There are some variations 
between the progestogens, but in general, first-pass me- 


tabolism is less important for the older progestogens, | 


although norethisterone has a first-pass effect of 30% 
to 40%.’ Desogestrel is metabolized extensively during 
the absorption process (probably mainly in the liver) to 
3-ketodesogestrel, which is the active progestogen. 


From the Department of Pharmacology and Therapeutics, University 
of Liverpool. | 
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The main initial metabolic step for the progestogens is 
A ring reduction, which may occur at either the 3 or 
5 position, and two stereoisomers of each are possible, 
which are designated a or B. Thus 3a, 5a; 3a, 5B; 3B, 
5a; and 38, 58 tetrahydro derivatives of norethisterone 
and levonorgestrel have been identified.” In humans 
the evidence suggests very little direct conjugation of 
the hydroxyl group at the 17 position for both 
norethisterone” and levonorgestrel.” Thus any con- 
jugates of norethisterone or other progestogens are 
most unlikely to be conjugates of the active parent drug; 
instead, they will be conjugates of the inactive reduced 
metabolites of the progestogen. Thus biliary excretion 
of progestogen conjugates will only be of the inactive 
metabolites. 


Enterohepatic recirculation of EE, 


The enterohepatic circulation of any drug involves 
initial conjugation, usually with glucuronic acid, in the 
liver to form a compound with a molecular weight in 
excess of 400. This is then eliminated in the bile and 
then goes to the gastrointestinal tract. The second part 
of the enterohepatic circulation involves some process 
that regenerates the parent (active) drug, and this is 
then reabsorbed into the body. Conjugates are usually 
regarded as being too hydrophilic to be absorbed intact. 
Although other mechanisms are possible, the usual pro- 
cess involved is a hydrolytic step performed by the gut 
bacteria, which in most humans are present primarily 
in the colon. 

The enterohepatic recirculation of EE, is illustrated 
in Fig. 2. EE, can be conjugated with both a sulfate or 
a glucuronide moiety. Sulfation occurs primarily in the 
small intestinal mucosa,’* '* whereas conjugation with 
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Fig. 1. The chemical structures of norethisterone and 
EEs. 


glucuronic acid is mainly a hepatic affair.'’® '° Conju- 
gation of EE, used to be thought of as occurring pri- 
marily at the 3 position, but it is clear that glucuroni- 
dation at least can occur at the 17 position.'” '* These 
conjugates are excreted in the bile’® and thus reach the 
colon. It is possible for the conjugates to reach the gut 
in other ways. Recent studies by Back et al.?° with iso- 
lated human gut mucosa pieces (from which the mus- 
cularis externa is removed) mounted in Ussing 
chambers?! have shown that small amounts of EE, con- 
jugates can diffuse back out of the mucosa into the 
lumen of the gut.” However, this is a slow process and 
its relevance in vivo is not clear. It is unlikely to con- 
tribute substantially to the conjugates that'‘are found in 
the gut. Once the conjugates of EE, reach the colon, 
they may be hydrolyzed by the bacteria present there 
to liberate unchanged EE,, which can then be absorted 
into the body. This EE, then passes up the portal venous 
system to the liver for the whole process to begin 
again. 

It is very difficult in humans to find out how impor- 
tant the enterohepatic recirculation of EEF, is in practical 
terms. In animals there is little doubt that such a re- 
circulation contributes substantially to blood levels of 
' EE,” as can be shown by cutting the bile duct of one 
rat, catheterizing that duct, and infusing the bile into 
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Fig. 2. Schematic representation of the enterohepatic circu- 
lation of an orally administered drug (D), which is conjugated 
with glucuronic acid or sulfate (C), to form the drug conjugate 
(D-C), which in this example is the conjugate of EE». 


a second rat. It is, however, clearly not possible to per- 
form this type of study in humans and even close ap- 
proximations (e.g., T tube drainage) only collects a frac- 
tion of the bile produced. Fig. 3 shows a mean plasma 
concentration versus time profile for EE, compared 
with norethisterone in a group of five subjects. The 
curve for norethisterone is relatively uncomplicated 
and easily explicable on a two-compartment open ki- 
netic model. The curve for EE, is marked by an increase 
in the plasma concentration at 12 to 14 hours after 
administration, and this is usually attributed to the en- 
terohepatic recirculation. However, the standard error 
bars show that there is considerably greater interindi- 
vidual variation in the kinetics of EE, compared with 
norethisterone. 


Factors affecting the enterchepatic circulation 
of EE, 


Interindividual variation in metabolism 

Rate. Examination of Fig. 3 shows that there is clearly 
a marked interindividual variation in the rate of me- 
tabolism of EE,, and some of this may affect glucuron- 
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Fig. 3. Plasma concentrations of norethisterone (a) and EE, (b) in women after intravenous or oral 
administration of preparations containing norethisterone (1 mg) and EE, (50 jig). Each curve is the 
mean + SEM of five women. (From Back DJ, Breckenridge AM,. Crawford FE, et al. Drug-drug 
interactions: studies with oral contraceptive steroids. In: Bowers JZ, Velo GP, eds. Drug assessment 
criteria and methods. Amsterdam: Elsevier Science Publishers, 1979:185-206, by permission of 


Elsevier Science Publishers.) 


idation and sulfation, In vitro studies with human gut 
mucosa show a variation in the sulfation of EE, between 
persons," and it is likely that this also applies to glu- 
curonidation. Drugs that are enzyme inducers are 
known to enhance the glucuronidation pathway as has 
been shown for the. glucuronidation of bilirubin” and 
oxazepam.”* Thus the known effects of enzyme induc- 
ers such as rifampicin” or phenobarbitone”™ in EE, me- 
tabolism are likely to involve both glucuronidation and 
hydroxylation. It is not known if enzyme inhibitors af- 
fect the glucuronidation of EE, in humans; however, 
drugs such as primaquine, which inhibit the oxidation 
of antipyrine in humans,” have no effect on the me- 
tabolism of EE.” 

Route. The routes of metabolism of EE, are shown 
in Fig. 4. In most humans the main route of metabolism 
is by hydroxylation at the 2 position, but hydroxylation 
at the 4, 6, and 16 positions also occurs.* *° Bolt et al.” 
showed that on average 29% of ingested EE, is hy- 
droxylated at the 2 position, but in some persons this 
may be as high as 64%. Thus direct conjugation of EE, 
with glucuronic acid or sulfate is probably a relatively 
minor pathway of metabolism in most women. How- 
ever, this situation may change if a person is unable to 
2-hydroxylate EE.. Maggs et al.,*! in a study of eight 
patients whose bile was collected by an endoscope after 


a dose of °H-EE,, found one woman who was unable 
to hydroxylate EE, and thus whose excretion of direct 
conjugates of EE, was increased. Genetic polymor- 
phisms in drug metabolism are well established, and it 
is known that a proportion of persons are poor hy- 
droxylators of drugs such as debrisoquine.” About 10% 
of whites belong to the poor metabolizer phenotype” 
which is inherited as an autosomal-recessive trait. The 
one patient in the study of Maggs et al.*! who was unable 
to 2-hydroxylate EE, was tested for the ability to me- 
tabolize sparteine, which is metabolized by the same 
cytochrome P-450 as debrisoquine (P-450p,)** How- 
ever, she was able to metabolize sparteine extensively 
and thus her inability to hydroxylate EE, was not be- 
cause of a deficiency of P450ps. Further studies are 
required to find out how common in the population is 
the inability to hydroxylate EE, at the 2 position. It is 
clear, however, that persons who are unable to perform 
this hydroxylation step are more likely to excrete EE, 
glucuronides and sulfate in the bile and thus have a 
more extensive enterohepatic circulation of EE». 
Gastrointestinal and liver disease. Several disease 
processes may potentially affect the enterohepatic re- 
circulation of EF», but they are unlikely to be a problem 
in clinical practice. Thus patients with liver disease, in 
whom the conjugation step may be impaired, are un- 
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Fig. 4. Pathways of metabolism of EE». Metabolites may exist free or conjugated with sulfate or 
glucuronide. (From Clinical pharmacokinetics of oral contraceptive steroids. Clin Pharmacokinet 


1988;8:95-136, by permission of Adis Press.) 


likely to be given contraceptive steroids in the first 
place. Similarly, patients who have had bile duct sur- 
gery and in whom the flow of bile may be impaired 
will be most unlikely to be given oral contraceptive 
steroids. 

However, in some gastrointestinal diseases patients 
who suffer from them are commonly given oral con- 
traceptive steroids. The subject of gastrointestinal dis- 
ease and its effect on the kinetics of contraceptive ste- 
roids are covered in another article in this supplement, 
and we will consider here only the disease processes 
that are likely to affect the enterohepatic recircu- 
lation. 

In patients with active celiac disease, the ability of the 
gastrointestinal mucosa to conjugate EE, with sulfate is 
impaired.*® Thus the bioavailability of EE, is actually 
increased in a disease that in general causes a malab- 
sorptive state. However, there is no good evidence that 
the enterohepatic recirculation of EE, is reduced, and 
in any case after 6 months of treatment with a gluten- 
free diet, normal sulfate conjugation is restored to the 
gut mucosa. 

The breakdown of the EE, conjugate is normally per- 
formed by gastrointestinal microorganisms, and disease 
processes that disturb them may alter the enterohepatic 
circulation of EE,. In cystic fibrosis, in which micro- 
organisms may be found throughout the small intes- 
tine, the kinetics of EE, are not different from normal, 
with no obvious major alteration in the enterohepatic 
recirculation.” In patients who have had an ileostomy 
(e.g., for ulcerative colitis), the colon is usually removed 
and thus the normal colonic microflora will be absent, 
because the ileum is usually relatively free of micro- 


organisms. In patients who have had an ileostomy, the 
absorption of EE, is unimpaired, but there is no sec- 
ondary peak of EE, levels at 12 to 14 hours, indicating, 
as expected, no (or very little) enterohepatic circulation 
of EE.” However, a rough comparison between the 
area under the plasma concentration versus time curve 
(AUC) for EE, over a 24-hour period in these patients 
compared with the AUC in normal volunteers given an 
identical dose of EE, reveals no significant difference 
between the values. Although not a controlled obser- 
vation, this suggests that the contribution of the en- 
terohepatic circulation to the overall kinetics of EE, is 
a small one in most patients. It would be interesting to 
compare the kinetics of EE, in patients before and after 
total colectomy, but such studies would be difficult to 
perform. 

Changes in gut flora. As previously mentioned, gas- 
trointestinal microorganisms are normally confined to 
the colon and rectum except in disease processes in 
which the rest of the gut may then contain bacteria. It 
is clear that the colon contains a very large number of 
bacteria and that the nature of these bacteria may vary 
from time to time.” Their nature probably depends on 
a variety of factors, but particularly by the food we eat 
and the water that we drink. Thus our gastrointestinal 
microorganisms may change subtly as the diet changes. 
More dramatic changes in gut flora, which are often 
accompanied by diarrhea, may be associated with travel 
to new destinations, where different foods and water 
sources may produce more profound changes in the 
gut flora. The hydrolysis of EE, conjugates is not per- 
formed by all bacteria in the gut but seems to be par- 
ticulary performed by the Clostridia species. The work 
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Table I. Hydrolysis of estrone sulfates by 
isolated human fecal microorganisms” 


Microorganism | % hydrolysis 


Bacteroides 2.9 

Staphylococci 6.1 

Lactose-fermenting 5.0 
Coliforms 

Nonlactose-fermenting 3.8 
Coliforms 

Clostridia A 72.5 

Clostridia B 0 

Hemolytic streptococci 0.7 


Further identification of Closirida subtypes was not possible. 


Table II. Percentage hydrolysis of estrone 
sulfate by human fecal microorganisms before 
and after preteatment with ampicillin (500 mg, 
four times daily, for 1% days)” 





Sample After ampicillin 
l 95.0 1.8 
2 92.6 5.4 
3 90.3 8.2 
4 90.1 15 
Mean + SEM 92.0 + 1.0 ae Rami 4g 
*p < 0.001. 


of Chapman” (Table I) illustrates the amount of hy- 
drolysis of EE, conjugates performed by various gas- 
trointestinal microorganisms. 

Effect of antibiotics on gut flora. Antibiotics may 
interfere with the enterohepatic recirculation of EE, by 
killing off the Clostridia that are responsible for the 
hydrolytic process. Thus any conjugates of EE, would 
now be lost in the feces, because they are too hydro- 
philic to be absorbed, and potentially the plasma con- 
centration of EE, would fall. Sporadic reports appeared 
in the literature of women who have become pregnant 
while taking antibiotics alone with their oral contracep- 
tive steroids.’ The number of these reports is fairly 
small, and some authorities have stated that the inter- 
action is of no clinical importance.** However, most data 
sheets for the oral contraceptive steroids warn that al- 
ternative contraceptive precautions should be taken 
when antibiotics are taken at the same time as oral 
contraceptive steroids. The Committee of Safety of 
Medicines in the United Kingdom received 63 reports 
of failure of contraception in women receiving anti- 
biotics along with their oral contraceptive steroids from 
1973 to 1984.” The antibiotics implicated included am- 
picillin, penicillin, tetracyclines, and cotrimoxazole. 
Since the yellow card system of reporting adverse ef- 
fects to the Committee on Safety of Medicines repre- 
sents a considerable degree of underreporting, it 1s pos- 
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sible that this interaction may be of clinical importance, 
but which view is correct? 

In animal studies the enterohepatic recirculation of 
EE, is extensive and is clearly diminished by treatment 
with antibiotics such as ampicillin or neomycin.” The 
degree of reduction of the enterohepatic recirculation 
can be correlated with the degree of suppression of the 
gut microflora. However, as already stated, it is difficult 
to duplicate these studies in humans. Controlled clinical 
studies have generally failed to show any systematic 
interaction between antibiotics and oral contraceptive 
steroids. Thus ampicillin**** had no effect on the ki- 
netics of EE, in women, even though the ability of the 
human fecal microorganisms to hydrolyze steroid con- 
jugates is dramatically reduced by treatment (Table 
II). Similarly, tetracycline had no clinical effect in 
practice.” In a study with cotrimoxazole there was ac- 
tually a significant increase in the plasma level of EE, 
accompanied by a further suppression of follicle- 
stimulating hormone levels.” This was attributed to an 
inhibition of the hydroxviation of EE, by the sulfon- 
amide component of cotrimoxazole. There was no ev- 
idence that the enterohepatic circulation of EE, had 
been impaired. Although these studies show no system- 
atic interaction between antibiotics and oral contracep- 
tive steroids scientific studies have involved no more 
than 50 persons, and it is possible that certain persons 
may be at risk. We suggest that the interaction may 
involve those women who are unable to hydroxylate 
EE, at the 2 position (and thus excrete larger amounts 
of EE, conjugates) and whose gut bacteria are partic- 
ularly susceptible to being killed by the antibiotic used. 
The prevalence of this interaction is hard to guess since 
more work is required, but it may be close to the natural 
failure rate of the combined oral contraceptive steroids 
(0.3 to 0.5 per 100 women-years of use). One objection 
to some of the studies of interactions between oral con- 
traceptive steroids and antibiotics is that bacteria in the 
gut develop resistance to antibiotics such as ampicillin 
fairly rapidly. If the antibiotic interaction is looked 
for after 2 weeks of antibiotic therapy, it may be 
missed because resistance to ampicillin develops over 5 
to 6 days.®’ However, several of the aforementioned 
studies *° looked at the interaction during a 7-day 
course of antibiotics starting 3 days after the start of 
the antibiotic therapy at a time when resistance would 
be unlikely to have developed, and still no interaction 
was detected. 

In conclusion, there is limited evidence that the en- 
terohepatic circulation of steroids exists in humans, at 
least for EE». Some of the factors that affect that en- 
terohepatic circulation are understood, but much more 
information is required before we can fully evaluate 
the role of the enterohepatic circulation of EE, and the 
factors that affect it. 
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‘CONTRACEPTIVE STEROIDS 
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Interactions with oral contraceptives 


Kenneth Fotherby, PhD 
London, England 


The interaction of a range of different factors with the pharmacologic activity of oral contraceptives is 
reviewed. Pharmacokinetic interactions with oral contraceptives may occur (1) during absorption and 
extrahepatic circulation, (2) by interfering with protein binding, and (3) during hepatic metabolism. The 
hepatic mixed function oxidase system, which is mainly responsible for the metabolism of oral 
contraceptives, is affected by several different factors and is easily induced. Nutrition affects the activity of 
many drugs, but information regarding oral contraceptives is meager. Both pharmacokinetic and 
pharmacodynamic interactions, which may be synergistic or antagonistic, between the estrogen and 
gestagen components of oral contraceptives, are important, but there is no correlation between the rate of 
metabolism of the two components. Evidence suggests that some anticonvulsant, antibiotic, and 
antibacterial drugs may reduce the efficacy of oral contraceptives. Instances of interactions of other 
therapeutic agents are reported infrequently. The incidence of serious interactions is low and does not 
appear to have been reduced with low-dose oral contraceptives, probably because of large intersubject 
variability in the pharmacokinetics of oral contraceptives. (Am J OssTeET GyNecoL 1990;163:2153-9.} 
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Considering (1) the wide variety of drugs available, 
(2) the large proportion of the population consuming 
both prescribed and over-the-counter drugs, (3) that 
nutritional factors may affect drug action, and (4) that 
many drugs have similar metabolic pathways, it is per- 
haps surprising that drug interactions are not more 
common than they appear to be. This article is con- 
cerned only with the effects of other agents on the 
biologic activity of contraceptive steroids, and will not 
examine the changes in drug activity that may be en- 
countered in women using oral contraceptives (OCs). 
As far as contraceptive steroids are concerned, a clin- 
ically important decrease in their efficacy because of 
interaction with other drugs appears to occur in a very 
small minority of women (<5%), and the possible rea- 
sons why the incidence is so low are considered later. 
This article examines only the possible loci in the me- 
tabolism of contraceptive steroids in which other drugs 
and nutrients might interact. A detailed listing of all 
the drugs likely to interact with the contraceptive ste- 
roids will not be provided, since many excellent ac- 
counts of this area are available.“ 

The interaction of drugs and nutrients with OCs may 
interfere with their pharmacokinetic behavior, phar- 
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macodynamic actions, or both. In addition, with com- 
bined OCs the interaction of the estrogen and gestagen 
components is of great importance. 


Pharmacokinetic interactions 


The three main areas in which pharmacokinetic in- 
teractions may occur between contraceptive steroids 
and other drugs are (1) absorption, (2) serum protein 
binding, and (3) hepatic metabolism. 

Absorption. There are two mechanisms by which 
drugs may interact with the absorption of contraceptive 
steroids: by affecting the absorptive process itself or by 
affecting the intestinal flora. 

Absorption of steroids may be impaired when the 
rate of which they pass through the gastrointestinal 
tract is markedly increased because of increased intes- 
tinal motility; for example, in subjects either using lax- 
atives or with severe or prolonged diarrhea. Ethinyl 
estradiol (EE) and some gestagens, such as norethis- 
terone (NET), undergo extensive (40% to 60%) first- 
pass metabolism, much of which occurs in the intestinal 
wall. Absorption appears to occur mainly in the upper 
part of the intestine, since the bioavailability of EE and 
levonorgestrel (LNG) is not decreased by ileostomy or 
after jejunoileal bypass. Phase | metabolism of steroids 
can be demonstrated with intestinal tissue in vitro, and 
intestinal tissue contains cytochrome P-450, but under 
normal in vitro conditions, phase 1 metabolism by the 
intestine appears to be unimportant. However, the ex- 
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tent to which such metabolism is increased after the 
administration of enzyme-inducing drugs has not been 
investigated. 

Specific effects on EE, which undergoes sulfation in 
the intestinal mucosa, may occur with certain drugs. 
Since the amount of available sulfate appears to be 
limited, administration in high doses of other drugs 
that are sulfated during absorption, such as vitamin C 
and paracetamol, leads to competition, less EE is sul- 
fated, and its bioavailability is improved. Conversely, 
when the competing drug is stopped, more sulfation 
of EE occurs and its bioavailability is reduced. 

Contraceptive steroids also undergo an enterohe- 
patic circulation, and this is particularly important for 
EE. The steroids conjugated in the liver are secreted 
into the intestine by way of bile and are hydrolyzed by 
the gut flora. If these are inhibited by the administra- 
tion of antibiotics, hydrolysis of the conjugates is mark- 
edly reduced, which leads to reduced reabsorption of 
the steroids and an increase in the fecal excretion. The 
effects on the gestagens are clinically less important, 
since they are rapidly metabolized to biologically. in- 
active products by the liver, mainly by reduction, and 
to a lesser extent by hydroxylation before conjugation 
and secretion in the bile. Metabolism of EE in the liver 
involves hydroxylation at various positions, and in 
subjects who are poor hydroxylators, more EE is 
available for conjugation and the extrahepatic circu- 
lation. In these subjects interference with the extra- 
hepatic circulation produced by the administration of 
antibiotics may lead to markedly lower serum EE con- 
centrations. . 

Although the effect of some antibiotics on the gut 
flora provides one mechanism by which the bioavail- 
ability of contraceptive steroids, particularly EE, may 
be decreased, whether this is the major factor involved 
in the few clinically important interactions that occur 
remains to be conclusively demonstrated. 

Binding to serum proteins. The contraceptive ste- 
roids are highly bound (>95%) in blood and thus are 
susceptible to factors that may produce only slight mod- 
ifications of the binding. Thus an insignificant 2% de- 
crease in the amount bound could lead to a significant 
50% increase in the unbound fraction on which the 
biologic activity of the steroids depends. EE binds only 
to albumin, and although interaction between drugs in 
respect to albumin has been demonstrated, no inter- 
action between contraceptive steroids and this protein 
appears to have been reported. However, the gestagens 
bind both to albumin and sex hormone—binding glob- 
ulin (SHBG), the extent and tightness of the binding 
to SHBG depending on their structure, and there is a 
complex equilibrium between the different fractions. 
Serum SHBG levels can be increased by the adminis- 
tration of estrogens and several other drugs. The in- 
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crease in SHBG may lead to an :ncrease in the SHBG 
bound fraction, mainly at the expense of the albumin 
bound, from which dissociation occurs readily. Because 
contraceptive steroids are administered on a continuing 
basis, their serum concentrations will increase until a 
steady state is reached and a fresh equilibrium is 
formed among the different fractions; at this point the 
proportion unbound may be decreased, but the con- 
centration of unbound may be unchanged. Therefore 
although there may be marked changes in the relative 
binding, these changes are unlikely to influence the 
efficacy of contraceptive steroids. These interactions 
between estrogen, gestagens, and SHBG are considered 
in more detail in a recent article. 

Hepatic metabolism. The most important locus of 
drug interaction appears to be the mixed function ox- 
idase system of the liver endoplasmic reticulum. This 
system occurs in several other tissues, but for most 
drugs the liver is the major site. The enzyme system 
has a low specificity, performing a number of different 


-metabolic transformations, all of which involve cyto- 


chrome P-450, cytochrome C reductase, a flavoprotein, 
and reduced nicotinamide adenine dinucleotide phos- 
phate, and its activity is stumulated by many drugs. As 
a result, not only is the administered drug metabolized 
more guickly, with a decrease in its blood concentration 
and biologic activity, but so are several other drugs that 
may be administered concurrently. There are a number 
of distinct P-450s,* each of which may be under separate 
genetic control, and this may account for some of the 
interindividual variability in the rate of drug metabo- 
lism. The low specificity of the enzyme system as a 
whole enables it to metabolize a large number of dif- 
ferent drugs and endogenous compounds, including 
the gonadal and adrenocortical steroids. Each of the 
distinct cytochrome P-450s may exert its main activity 
toward groups of substrates, with a variable amount of 
overlap between groups, and this accounts for the com- 
petitive inhibition that can occur among different sub- 
strates. 

In addition to genetic factors, the rate of drug me- 
tabolism is influenced by a large number of environ- 
mental factors, diet, alcohol use, smoking, medication, 
and pathologic conditions, and all these various factors 
may affect the mixed function: oxidase activity of the 
liver. Despite the low or overlapping specificity of the 
mixed function oxidase system, there is often marked 
selectively, both positional and stereochemically, in the 
metabolism of the substrate. With the steroids, which 
can be oxidized at several different sites in the molecule, 
the resulting hydroxylations occur to a variable extent 
and they can be inhibited differently by various factors. 
Again this suggests that multiple forms of cytochrome 
P-450 are present with different specifications. The rel- 
ative activities of the different cytochrome P-450s ap- 
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pear to vary among subjects, and if so, it is important 
in accounting for much of the interindividual variation 
in drug metabolism. 

The increase in the activity of the mixed function 
oxidase system produced by the administration of an 
inducing drug leads to an increase in the rate of me- 
tabolism of any contraceptive steroid the subject may 
use, so that the half-life of elimination of the steroid, 
and consequently its serum concentration and biologic 
effect, are decreased. Conversely, the administration of 
contraceptive steroids usually has an inhibitory effect 
on the metabolism of other drugs, which leads to an 
increase in their pharmacologic activity.” 

The mechanism of this inhibitory effect in humans 
is not entirely clear. In animals, mainly the rat, the 
administration of steroids containing the ethinyl group, 
which encompasses most of the contraceptive steroids 
currently used, appears to inactivate cytochrome P-450, 
with a consequent decrease in the drug-metabolizing 
capacity of the liver. It was first demonstrated in hu- 
mans in 1969 that EE may be metabolized by way of 
oxidation of the ethinyl group, which results in the 
formation of p-homosteroids and small amounts of es- 
trone and estradiol. The oxidation of the ethinyl group 
is a complex reaction involving the production of nu- 
merous reactive intermediates. It appears that one or 
more of these metabolites interacts with, and leads to 
the destruction of, the heme group of cytochrome P- 
450, with a consequent loss of its drug-metabolizing 
activity both toward the steroid and other administered 
drugs metabolized by the mixed function oxidase sys- 
tem.’”° As a result, the pharmacologic effect of such 
drugs is increased. There is evidence of the in vitro 
formation of p-homosteroids from ethinyl steroids in 
the rabbit and monkey, in addition to humans.’ Several 
other chemical structures, in addition to the ethinyl 
group, may have a similar destructive effect on cyto- 
chrome P-450."! An increased excretion of porphyrin 
precursors and coproporphyrin was reported to occur 
in women taking OCs,? which could indicate an in- 
creased turnover of cytochrome P-450 heme. 

One reactive intermediate in the oxidation of the 
ethinyl group is an epoxide, and these compounds may 
also be formed by oxidation at the carbon 4-5 double 
bond of the steroids.’ Interestingly, the epoxides of 
norethisterone (NET) and levonorgestrel (LNG) may 
show differences in their biologic activities." However, 
these epoxides do not appear to be implicated in heme 
destruction, so that the effect produced by oxidation 
of the ethinyl group must be from some other reactive 
intermediate. Many questions still remain to be an- 
swered in respect to the inhibition of cytochrome P- 
450. Destruction appears to apply only to the heme 
part, which could readily be resynthesized; the apo- 
protein appears to be unaffected. So far heme de- 
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struction has been demonstrated only in the rat and in 
in vitro studies; whether it occurs and to what extent 
in humans remains to be determined. In women me- 
tabolism of the ethinyl group is only a minor pathway 
for EE and probably even less so for NET and LNG. 
Destruction of cytochrome P-450 by metabolites of the 
ethinyl steroids provides one mechanism by which con- 
traceptive steroids may impair the metabolism of coad- 
ministered drugs. Whether the concentration of the 
reactive intermediates attains a level sufficient to impair 
the cytochrome P-450 system with short-term admin- 
istration of contraceptive steroids seems unlikely, al- 
though drug interactions may occur under these con- 
ditions. However, with long-term use of steroidal con- 
traception, the situation may be different. A decreased 
concentration of cytochrome P-450 was found in liver 
microsomes from monkeys that had received contra- 
ception steroids for at least 10 years,” although the 
factors responsible need to be identified. Even if heme 
destruction by contraceptive steroids with a consequent 
reduction in the drug-metabolizing capacity of the liver 
occurs in humans, it does not rule out the possibility 
that other mechanisms may exist and may be more 
important for the steroidal inhibition of drug metab- 
olism. Even small doses of gestagens administered with- 
out estrogen may inhibit drug metabolism.'* Con- 
versely, Mills et al.” reported that the clearance of NET 
increased in women treated with 2.5 mg of NET daily. 
Any of these mechanisms provides a means by which 
contraceptive steroids are able to inhibit their metab- 
olism, with a consequent increase over time in the phar- 
macologic effects. 


Nutritional effects 


In considering nutritional effects, it is necessary to 
distinguish between effects related to the quantity of 
the diet and those related to its quality. The former will 
depend on whether caloric intake in relation to energy 
expenditure is very low, leading to a low body mass 
index (BMI) and in extreme cases to anorexia nervosa, 
or very high, leading a high BMI and obesity. The 
quality will depend on the composition of a diet that is 
satisfactory in relation to caloric requirements. The in- 
fluence of diet and nutrition on the clinical pharma- 
cokinetics of drugs in general has been reviewed.'® 

Food intake affects absorption and bioavailability of 
several drugs'™™ but little information is available re- 
garding contraceptive steroids. 

Absorption of some lipid-soluble drugs is increased 
by a high-fat diet, but no investigations have been per- 
formed to determine whether this also applies to lipid- 
soluble contraceptive steroids. The pharmacokinetics 
of many drugs may be altered in obese subjects, par- 
ticularly lipid-soluble drugs such as steroids, for which 
the apparent volume of distribution may be greatly 
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increased. However, in a preliminary comparison of 
two gestagens in healthy subjects, medroxyprogester- 
one acetate and NET enanthate given by intramuscular 
injection so that the effects of intestinal absorption were 
eliminated, differences in the pharmacokinetics be- 
tween obese (BMI > 28) and thin (BMI < 20) subjects 
were minimal.” The elimination half-life of NET was 
significantly lower (mean, 5.9 hours) in a group of 
Indian women in a low socioeconomic group with 
poor nutritional status compared with that (13.4 hours) 
of well-nourished women in a high socioeconomic 
group.” Similar findings have also been reported 
for LNG.” The. extent to which these findings can 
be ascribed to low serum protein levels in the for- 
mer group remains to be determined. In a prelimi- 
nary study of estradiol, and presumably the same sit- 
uation holds for EE, 2-hydroxylation was increased 
and 16a-hydroxylation was decreased in anorexic sub- 
jects, whereas the reverse was observed in obese sub- 
jects.** : 

High-protein diets appear to stimulate the activ- 
ity of the hepatic drug—oxidizing system, with a con- 
sequent increased rate of metabolism of many drugs. 
The 2-hydrozylation of estradiol is enhanced but 
apparently without any concomitant change in l6a- 
hydrozylation,’® and the activity of the hepatic 5a- 
reductase is decreased. High-carbohydrate diets de- 
crease 2-hydrozylation. A low-fat diet was also reported 
to increase 2-hydroxylation of estradiol and to decrease 
16a-hydroxylation,” although this diet was also prob- 
ably a high-protein one. Diet also has a marked influ- 
ence on endogenously secreted androgens in humans,” 
and by analogy might be expected to affect the metab- 
olism of gestagens. Certain specific nutrients, such as 
charcoal-broiled beef and cruciferous vegetables, stim- 
ulate the hepatic mixed function oxidase system. 

Whether metabolism of contraceptive steroids differs 
between vegetarians and nonvegeiarians ts still contro- 
versial. Vegetarian diets tend to contain less fat and 
more fiber than nonvegetarian diets, and these differ- 
ences appear to influence the metabolism of endoge- 
nous estrogens, which leads to a decrease in plasma 
estradiol concentrations.” This decrease might be 
partly caused by a decrease in the enterohepatic cir- 
culation. However, there were no significant differ- 
ences in the pharmacokinetics of NET between lac- 
tovegetarian and nonvegetarian women.** One deter- 
minant of whether there are differences in drug 
metabolism between vegetarians and nonvegetarians 
appears to be the amount of protein in the diet. 

In many of the situations discussed above, changes 
occur in serum SHBG concentrations, and while these 
changes will not affect EE, which does not bind to 
SHBG, they will affect the unbound biologically active 
fraction of the gestagens. Serum SHBG shows an in- 
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verse relationship to body weight, being low in obese 
subjects and increased in anorexic subjects. SHBG may 
also be increased in subjects consuming a low-fat diet 
and in vegetarians. In the latter this may be partly from 
absorption of phytoestrogens in the fiber-rich diet. The 
level of free fatty acids in serum affects the bind- 
ing of endogenous sex hormones to serum proteins 
and increases their biologically active unbound frac- 
tions.” °° Therefore it seems likely that contraceptive 
steroids, which elevate serum lipid levels, will be simi- 
larly affected. 


Estrogen-gestagen interactions 


Interaction between the estrogen and gestagen com- 
ponents of combined OCs may occur both at the phar- 
macodynamic and pharmacokinetic levels. In respect 
to pharmacodynamics, the interaction may be syner- 
gistic or antagonistic, whereas in some pharacodynamic 
responses the two components may act independently, 
for example, the effect of estrogen in elevating the 
levels of cortisol-binding globulin or triglyceride con- 
centrations in serum. For four monophasic combined 
OCs containing approximately the same dose of EE but 
with different gestagens, the increase in triglyceride 
concentrations was approximately the same. Examples 
of synergism between the two components would be 
the transformation of a proliferative into a secretory 
endometrium and the inhibition of ovulation. With the 
low doses of EE and gestagen in currently used OCs, 
ovulation is inhibited in almost all treatment cycles 
when the two components are coadministered, whereas 
neither component alone in the same dose would pro- 
duce consistent inhibition. 

For most pharmacodynamic responses, the interac- 
tion is an antagonistic one, for example, the effects on 
high-density lipoprotein cholesterol, in which the in- 
crease produced by EE can be suppressed to a variable 
extent by gestagens depending on their structure and 
dose. The antagonistic action can clearly be seen in the 
effect on serum SHBG concentrations, for whereas the 
level of high-density lipoprotein cholesterol can be sub- 
ject to many factors that may cause large variability in 
its measurement, serum levels of SHBG can be mea- 
sured with precision and accuracy by simple method- 
ology. As shown in Fig. 1, the SHBG concentration 
depends on the relative doses of estrogen (EE) and 
gestagen (NET) administered. 

Evidence is accumulating for pharmacokinetic inter- 
actions between estrogen and gestagen. One point of 
interaction is SHBG. As indicated above, serum SHBG 
level is increased by estrogens, and this may affect the 
pharmacokinetics of those gestagens such as LNG or 
gestodene (GES), which bind strongly to SHBG.’ How- 
ever, whether any clinical effects result from these 
changes is not clear. 
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In a study in which women were sampled at intervals 
during 1 year of treatment with two OCs,” serum EE 
concentrations were consistently higher in women re- 
ceiving the OC containing GES than in those receiving 
desogestrel, although the dose of EE was the same in 
both formulations. This finding suggests that the ges- 
tagen influenced the metabolism of EE. Since EE does 
not bind to SHBG, changes in the serum concentration 
of this protein cannot account for the observed effect, 
and it seems likely that in women taking the GES for- 
mulation, the metabolic clearance of EE was reduced 
to a greater extent than in those taking EE and deso- 
gestrel. The mechanism of this effect remains to be 
determined but considering the effect of ethinyl ste- 
roids in decreasing the activity of cytochrome P-450 
(see above), one interpretation would be that GES has 
more pronounced inhibitory action on cytochrome P- 
450 than does desogestrel. In another study,” serum 
EE concentrations were consistently higher as expected 
in women who had taken an OC for 6 months than in 
a control group, but the clearance rate of EE was on 
average 35% lower in OC users than in control subjects, 
suggesting a decrease in the metabolizing capacity of 
the OC group. In this study metabolism of concomi- 
tantly administered theophylline was also decreased, 
suggesting the reduction in metabolic capacity was a 
generalized effect; again it seems reasonable to pos- 
tulate that the findings are the result of an inhibitory 
effect of ethinyl steroids on cytochrome P-450 activity. 

The increased levels of LNG in women using OCs 
containing EE and LNG compared with those receiving 
the same dose of LNG without EE has been attributed 
to the EE-induced increase in SHBG and the binding 
of LNG to SHBG, with a consequent reduction in its 
clearance and rate of metabolism. However, as dem- 
onstrated recently,” this conclusion is erroneous. Thus 
the slower rate of metabolism of LNG on continued 
dosing must be the result of other factors. Another 
study” found that the clearance rate of LNG decreased 
and the half-life of elimination increased in long-term 
users of a OC containing LNG and EE. Therefore both 
of these findings suggest an increase in. the resistance 
of LNG to metabolism on continued dosing, and again 
this may be the result of a decrease in the activity of 
the cytochrome P-450 system. 

In a study of the pharmacokinetics of NET and EE 
in a large group of women taking an OC containing 
' these contraceptive steroids,” no correlation was found 
between the rate of metabolism of the two steroids as 
measured by their half-lives of elimination. Although 
these two closely related steroids are metabolized by the 
hepatic drug—metabolizing system, this lack of corre- 
lation suggests that the metabolic reactions were cata- 
lyzed by different enzymes or different variants of cy- 
tochrome P-450. 
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Fig. 1. Changes in serum SHBG concentrations in relation to 
dose of estrogen (EE) and gestagen (NET). (Reproduced with 
permission from Fotherby K. Ann NY Acad Acad Sci 1988; 
538:313-20.) 
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Smoking 


_ Smoking will increase the metabolism of some drugs, 
whereas others are unaffected. Similarly, the rate of 
metabolism of some endogenous steroids, such as cor- 
tisol and progesterone are reported to be increased, 
whereas that of others, such as estrogens and testoter- 
one are unchanged or decreased. The cause of the 
variability is unclear. Smoking leads to the production 
of a large number of chemicals, particularly the poly- 
cyclic aromatic hydrocarbons, which are stimulators of 
the hepatic drug—metabolizing system. Evidence of an 
effect on this system is supported by the finding” that 
2-hydroxylation of estradiol was greater in smokers 
(43%) than in nonsmokers (25%). In a preliminary 
study” the rate of metabolism of EE and LNG was not 
affected by smoking, and variable results were obtained 
by Kanarkowski et al.” Clearly, definitive studies of the 
effect of smoking on the metabolism of contraceptive 
steroids are required. 


Conclusions 


It seems clear** °° that the two main areas of drug 
interaction that‘ affect the pharmacokinetics and effi- 
cacy of the OCs are first the effect of some, but not all, 
anticonvulsant drugs, antibiotics, and antibacterial 
agents on the hepatic drug—metabolizing system, which 
leads to an increased rate of metabolism of contracep- 
tive steroids, and second, the effect of some, but again 
not all, antibiotics and antibacterial drugs on the ab- 
sorption and enterohepatic circulation of contraceptive 
steroids; this latter effect will mainly reduce the serum 
concentration of EE, and the gestagen will be little af- 
fected. Effects of other therapeutic agents on contra- 
ceptive steroids are reported much more rarely, and in 
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these circumstances it is difficult to know whether the 
reduced efficacy of the OC is caused by the concomi- 
tantly administered drug or by some other event, such 
as the subject forgetting to take one or more pills, par- 
ticularly near the beginning or end of the treatment 
period, or to the infrequent but nevertheless ade- 
quately documented occurrence of ovarian activity, 
leading in a few instances to breakthrough ovulation 
and the risk of pregnancy.“ Even when there is the 
possibility of an interaction, only in a small proportion 
of women (probably well under 5%, although no 
proper epidemiologic studies have been performed to 
determine the incidence of drug interactions with the 
OCs) will the interaction occur to such an extent that 
there is a decrease in the efficacy of the OC, thereby 
leading to the risk of pregnancy. It might be expected 
that serious interactions would be more common now 
that most OCs used contain low doses of contraceptive 
steroids. However, there appears to be little evidence 
to support this contention.” One reason for this may 
be the marked interindividual variability in the phar- 
macokinetics of contraceptive steroids.” One might 
postulate that serious interactions would occur only in 
those women who are fast metabolizers and therefore 
have low serum concentrations of contraceptive ste- 
roids and in those women whose liver enzyme systems 
are particularly susceptible to induction. 

More information is required regarding the mech- 
anisms by which contraceptive steroids produce their 
inhibitory effect on many coadministered drugs, and 
particularly since it is important with regard to long- 
term use of OCs, the way in which contraceptive ste- 
roids may inhibit their metabolism. 
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Inhibition of oral contraceptive steroid—metabolizing enzymes 
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The major 17a-ethinyl estradio! 2-hydroxylase is humans is the hepatic enzyme cytochrome P-450 IIiA4 
(P-450nF), which is known to be inducible by rifampicin or barbiturates. The literature indicates that 
178-estradiol, progesterone, and norgestrel are competitive inhibitors and that primaquine and tolbutamide 
are rather weak noncompetitive inhibitors. Recent experiments in this laboratory indicate that gestodene is 
a relatively potent mechanism-based inactivator of cytochrome P-450 IIIA4 in vitro. Inhibition requires 
incubation with the reduced form of nicotinamide adenine dinucleotide phosphate, is time and 
concentration dependent, and can be partially blocked by the presence of noninhibitory cytochrome P-450 
I||A4 substrates. The in vitro activation by gestodene provides a possible explanation for the increase in 
plasma estrogen levels reported in women administered gestodene along with 17a-ethinyl estradiol. (Au J 


OBSTET GYNECOL 1990;163:2159-63.) 
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cytochrome P-450 IIIA4 


The main estrogenic component of oral contracep- 
tives is 17a-ethinyl estradiol, which was introduced by 
Innhoffen and Hohlweg.' Its usefulness appears to re- 
sult from its slow elimination relative to 17B-estradiol. 
Considerable variation is seen in the rates of clearance 
of ethinyl estradiol among women,”" and such differ- 
ences cause difficulty in adjusting the drug level. In 
addition to the normal variation seen among persons, 
another problem is introduced by the induction and 
inhibition of enzymes involved in the metabolism of 
ethinyl estradiol. 2-Hydroxy ethinyl estradiol, the ma- 
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jor product, is also estrogenic but is not retained in the 
body as long as the parent compound. Menstrual prob- 
lems and unexpected pregnancies have been experi- 
enced in some women using rifampicin or barbituates, 
and the effects can be rationalized in the decreased 
levels of ethinyl estradiol measured both in vivo and 
in vitro.’ Bolt et al.“ also demonstrated that rates of 
hydroxylation of estradiol were increased in women 
after treatment with rifampicin, with the effect pre- 
sumably caused by enzyme induction. 


Identification of cytochrome P-450,, as ethinyl 
estradiol 2-hydroxylase 


Human liver P-450nrF was first isolated as the enzyme 
catalyzing the oxidation of the calcium channel blocker 
nifedipine." In that study the enzyme was also the prin- 
cipal catalyst in the main pathways of testosterone and 


_ estradiol metabolism in human liver, namely, 6B- and 


2-hydroxylation, respectively. Further studies in this 
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Table I. Substrates for human liver 
cytochrome P-450 IIIA enzymes (P-450yr) 


Steroid Carcinogen 

Testosterone (68) Nifedipine Aflatoxin B, 

Estradiol (2,4) Quinidine (3, N} 1,6-Dinitropyrene 

Progesterone (68) = Erythromycin tris( Dibromopro- 
pyl)phosphate 

Cortisol (68) Cyclosporine 6-Aminochrysene 

Ethinyl estradiol (2) Midazolam Benzo(a)pyrene- 
7 ,8-diol 


See Guengerich et al.,’*'? Waxman et al., Shimada and 
Guengerich,” Shimada et al. >% Ged et al., and Guengerich® 
for original experiments and leading references. 


and other laboratories have led to the assignment of 
this enzyme in a variety of other reactions involving the 
oxidation of steroids, drugs, and carcinogens (Ta- 
ble [)." 

With the demonstration of the estradiol 2- 
hydroxylase activity of P-450nr and the suggestive 
evidence for induction of the enzyme by rifampicin 
(and the previous studies on rifampicin—ethinyl es- 
tradiol interactions’), the possibility was raised that 
P-450NF might be the human liver ethinyl estradiol 
2- -hydroxylase. Indeed such was the case; specific 
antibodies raised against P-450nF inhibited >90% of 
both the nifedipine oxidase and ethinyl estradiol 2- 
hydroxylase activities in human liver microsomes con- 
taining either high- or low-catalytic activity. Rates of 
ethinyl estradiol 2-hydroxylation were well correlated 
with both rates of nifedipine oxidation and immuno- 
chemically determined P-450Nnr in liver samples ob- 
tained from different persons. Furthermore, trolean- 
domycin (which has been shown to selectively inhibit 
cytochrome P-450 enzymes in the P-450 IIIA family)? 
was converted to a (nitroso) metabolite that blocked 
both nifedipine oxidation and ethinyl estradiol 2- 
hydroxylation. Several lines of evidence indicate that 
other cytochrome P-450 enzymes do not catalyze the 
reaction, including P-450pB (IID6), P-450pa (1A2), 
P-450, (IIE1), and the enzymes in the P-450 IIC 
family.” 

‘It should be pointed out that P-450NnF (IITA4) is a 
member of a complex multigene family, with at least 
three proteins having >80% sequence identity.’*”* The 
full details of specific expression and regulation of the 
genes are not understood at this time, and the possi- 
bility exists that more than one of these related proteins 
might contribute to ethinyl estradiol 2-hydroxylation 
and be recognized by the antibodies. Another point is 
that specific forms of cytochrome P-450 involved in 
ethinyl estradiol 2-hydroxylation in animal models have 
not been identified. If the 2-hydroxylation of estradiol 
can be used as a guide, then the rat model may be more 
complex. We previously reported that in contrast to the 
human liver, in which P-450nrF is the principal catalyst 
of 2-hydroxylation, at least three cytochrome P-450 en- 
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zymes (the products of three different gene families) 
contribute to the reaction in the rat liver.” 


inhibitors of ethinyl estradiol hydroxylation 


‘Purba et al. examined several drugs and ste- 
roids for their ability to inhibit ethinyl estradiol 2- 
hydroxylation in vitro (in human microsomes, K,, 9 
mol/L). Several steroids were found to be competitive 
inhibitors, including estradiol (K; 12 pmol/L), proges- 
terone (K; 69 pmol/L), and norgestrel (K; 69 mol/L). 
Primaquine and tolbutamide were noncompetitive in- 
hibitors (K; 69 pmol/L and 81 pmol/L, respectively). 
Several other compounds were tested and found to 
be rather poor inhibitors, including chloroquine, 1- 
methylimidazole, cholesterol, cortisol, diethylstilbes- 
terol, antipyrine, mephenytoin, and metronidazole. 
Bolt and Kassel” reported that the insecticide synergist, 
1-naphthyl-4(5)-imidazole, was a competitive inhibitor 
of microsomal ethinyl estradiol 2-hydroxylation (K; 3 
mol/L) on the rat liver. Troleandomycin has already 
been shown to be an inhibitor of microsomal ethinyl 
estradiol 2-hydroxylation in vitro in the human liver.” 
Such macrolide antibiotics are known to be effective 
inhibitors in vivo” and one would also expect eryth- 
romycin to be a selective inhibitor of ethinyl estradiol 
2-hydroxylation. | 


Mechanism-based inactivation by 
acetylenic steroids 


In addition to the types of inhibition previously men- 
tioned, mechanism-based or “suicide” inactivation of 
cytochrome P-450 is seen with the acetylenic steroids. 
White and Muller-Eberhard” reported that treatment 
of rats with’ ethinyl estradiol or norethindrone de- 
creased the level of cytochrome P-450, and White” 
demonstrated the formation of green pigments formed 
from the heme of cytochrome P-450 in rats treated with 
ethinyl testosterone. Subsequently, the heme adducts 
formed by acetylenic steroids have been interpreted in 
terms of mechanism-based inactivation.?**? Mechanism- 
based enzyme inactivation is of significance in that only 
the enzyme involved in the biotransformation of the 
compound becomes inactivated, and the damage is 
therefore targeted.” Many of the arenas steroids 
appear to behave as inhibitors in this way.” 

Although the chemistry of the green N- 
alkylporphyrins resulting from heme destruction has 
been deduced by Ortiz de Montellano et al., Davies 
et al. have subsequently found that during the oxi- 
dation of norethindrone by rat liver microsomes, a con- 
siderable portion of the heme destroyed becomes ir- 
reversibly attached to the cytochrome P-450 apopro- 
tein. The 2-hydroxy ethinyl estradiol that is formed by 
metabolism is readily oxidized in vitro to an ortho qui- 
none that can covalently bind to protein,’ but the sig- 
nificance of this reaction is unclear. 
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Ethinyl estradiol has been found to be a mechanism- 
based inactivator of human liver microsomal cyto- 
chrome P-450 and P-450nr (in vitro). The partition 
ratio, or number of times that an enzyme turns over a 
substrate before it is inactivated,” was estimated at 
2120; 


Inhibition of cytochrome P-450 by 
acetylenic progestogens 


Since progestogens are commonly used with ethinyl 
estradiol in contraceptive formulations, their interac- 
tions with estrogens are of great importance.” Kuhl 
et al.” reported that gestodene levels rise during ther- 
apy, and they considered the possibility that the in- 
crease was due to decreased metabolism. Furthermore, 
Kuh] et al.” found that in comparison with desogestrel, 
gestodene had a marked effect in increasing plasma 
levels of ethinyl estradiol, and they also showed that 
the cause was decreased clearance of the drug. In ad- 
dition, cortisol levels were elevated in patients treated 
with gestodene, which might be expected if cytochrome 
P-450NF, the cortisol 68-hydroxylase, was inhibited 
(Table I). 

A series of 17a-acetylenic steroids was examined for 
the ability to inactivate human liver microsomal nifed- 
ipine oxidase and ethinyl estradiol 2-hydroxylase, ac- 
tivities of cytochrome P-450nrF (Fig. 1). All the steroids 
proved to be inactivators, but clearly gestodene was the 
most effective when tested at the single concentration 
of 100 wmol/L. Indeed, the extent of inhibition seen 
with gestodene under these conditions was more 
marked than that found with a 20 wmol/L concentra- 
tion of the classic inhibitor troleandomycin, which re- 
duced the activity of nifedipine oxidase to 21% and 
that of ethinyl estradiol 2-hydroxylase to 65% under 
these conditions. The effects of gestodene were ex- 
amined in more detail, the inhibition pattern is classic 
for mechanism-based inactivators” in that inactivation 
is first order in time and the rate increases with inhib- 
itor concentration. The data can be used to derive 
the parameters K; = 46 pmol/L and kyscisaion = 0.39 
minute.~' The Kjscaicnion Value is one of the highest 
ever measured for a microsomal cytochrome P-450 
enzyme.” 

In other studies it was possible to demonstrate the 
loss of spectrally detectable cytochrome P-450 in hu- 
man liver microsomes during the oxidation of gesto- 
dene. In this particular sample, which is enriched with 
P-450nrF, the level of cytochrome P-450 was decreased 
to 40% and thereafter remained constant. The differ- 
ence in the rates of destruction of cytochrome P-450 
by gestodene and ethinyl estradiol is quite dramatic, 
and logarithmic plots indicate that the rate is approx- 
imately 50-fold greater in the case of gestodene. 

Gestodene was effective in destroying microsomal cy- 
tochrome P-450, even at the lower concentration of 10 
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Fig. 1. Structures of synthetic 17a-ethynyl and 17B-hydroxy 


- steroids examined as mechanism-based inactivators of human 


liver microsomal cytochrome P-450. Each steroid (100 
wmol/L) was incubated with 250 pmol of human liver 
cytochrome P-450 (liver sample HL 110) and an NADPH- 
generating system in a reaction volume of 50 yl at 37° C for 
30 minutes. At that time the reaction was diluted to a volume 
of 1.0 ml with the NADPH-generating system and either 200 
wmol/L nifedipine or 100 pmol/L 17a-ethinyl estradiol, and 
these incubations proceeded for an additional 10 minutes. 
Rates of nifedipine oxidation and 17a-ethinyl estradiol 2- 
hydroxylation were determined by high-performance liquid 
chromotagraphy and rates of the activities relative to those 
measured in similar experiments without steroids are pre- 
sented (as percentages of uninhibited values). The first of each 
pair of numbers (in parentheses) indicates the relative rate of 
nifedipine oxidation, and the second indicates the relative rate 
of ethinyl estradiol 2-hydroxylation. NADPH, Nicotinamide 
adenine dinucleotide phosphate. l 


pmol/L (57% + 4% cytochrome P-450 remaining after 
10 minutes). The destruction could be partially blocked 
by high concentrations of the P-450NF substrates quin- 
idine (100 pmol/L, 76% + 1% original cytochrome P- 
450 after 10 minutes) and nifedipine (200 pmol/L, 
82% + 4% original cytochrome P-450 remaining after 
10 minutes). The K,, values for quinidine and nifedi- 
pine are 4 and 19 pmol/L, respectively.’ '' Comparison 
of the rates of nifedipine oxidase inactivation and ges- 
todene disappearance (at a single concentration of ges- 
todene) yields an estimated partition ratio of 9 gesto- 
dene, which can be compared with the value of 120 for 
ethinyl estradiol." Therefore a given dose of gestodene 
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would be expected to inactivate 15 times as much cy- 
tochrome P-450NF as does ethinyl estradiol. 

More than 10 gestodene metabolites are known,” 
with biotransformation resulting from the forma- 
tion of the 3a- and 38-hydroxyl compounds, 4, 5- 
hydrogenation, hydroxylation at the 1, Ga, 11 and other 
unidentihed positions, and homoannulation (conver- 
sion of the D ring to a cyclohexanone with release of 
CO»). It is somewhat surprising that a 6B-hydroxy 
product has not been identified, since 68-hydroxylation 
is observed in the cytochrome P-450nr oxidations of 
the A* 3-keto steroids testosterone, androstenedione, 
cortisol, and progesterone. 


Conclusions 


P-450mF (and possibly closely-related enzymes) is the 
major catalyst involved in the 2-hydroxylation of 
ethinyl estradiol, the major step in the clearance of the 
compound in the human liver. The enzyme appears to 
be induced by the administration of rifampicin, bar- 
biturates, or certain steroids such as dexamethasone. 
The enzyme catalyzes the oxidation of several steroids, 
drugs, and carcinogens (Table I), and variations in the 
activity of the enzyme would alter the rates of biotrans- 
formation of all these compounds. Most of the in- 
hibitors of the enzyme require metabolism to exert 
their effects. All 17a-acetylenic steroids examined are 
mechanism-based inactivators of P-450NF and its activ- 
ities, but gestodene shows a remarkably high activity in 
this regard. This property of the compound can explain 
its ability to elevate plasma levels of ethinyl estradiol 
and cortisol. Examination of the effects of the differ- 
ent steroids tested does not permit elucidation of the 
structure, function relationships related to mechanism- 
based inactivation of P-450nF. Because the inhibition 
seen with gestodene is mechanism based, only those 
cytochrome P-450—mediated activities associated with 
P-450NF (Table 1) would expected to be compromised 
in patients receiving the drug. Finally, gestodene ap- 
pears to be an excellent compound to be used in the 
further in vitro and possibly in vivo examination of 
which compounds are oxidized by cytochrome P- 
450NF. | 
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Formation, metabolism, and physiologic importance 
of catecholestrogens 


Peter Ball, Prof. Dr. med,* and Rudolf Knuppen, Prof. Dr. Rer. Nat.” 
Lübeck, West Germany 


The metabolism of natural and synthetic estrogens is governed primarily by hydroxylations, leading to 
polyhydroxylated derivatives of the steroid molecule. In mammals aromatic hydroxylation is most prominent 
quantitatively. The 2- and 4-hydroxyestrogens (catecholestrogens) formed are secreted not-only in high 
amounts in urine but are also present in significant quantities in different organs, such as the liver, pituitary 
gland, and hypothalamus. This A ring hydroxylation of primary estrogens is affected by peroxidases, 
tyrosinases, and unspecific monooxygenases by mechanisms still not completely understood. The activity 
of the aromatic hydroxylases is regulated not only with respect to the overall extent but also to the relative 
rate of hydroxylation at C-atoms 2 and 4. The metabolism of catecholestrogens may be divided into 
reversible and irreversible reactions, of which the reaction with the catechol-O-methyltransferase, and 
thereby the interaction with catecholamines, the conjugation, and the thioether formation are the most 
prominent. Low- and high-affinity binding is operative in binding to plasma proteins and receptors. Finally, 
irreversible binding to cellular macromolecules, such as proteins and deoxyribonucleic acid, and the 
oncogenic potential of natural and synthetic catecholestrogens are discussed. (Am J OBSTET GYNECOL 
1990;163:2163-70.) 
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Table I. Concentrations of 2-substituted E, in plasma of humans (picograms per milliliter) 


2-OHE, 2-OCE,; 
Subject unconjugated! conjugated 
Children, 5-9 yr =  20/— 60/1130 
Men 45/1000 80/1320 
Women 
Periovulation 65/2300 180/1180 
Pregnant 100/5000 3980/5850 
Children, newborn 5007/3000 —/— 





Table II. Excretion of 2-substituted E, in urine of humans (micrograms per 24 hours) 


Subject 
Children 1.0 
Men 9.0 
Women 
‘Cycling 30 
Pregnant 700 
Menopausal 5.0 


in addition to conjugation, are essentially transformed 
by hydroxylation reactions. In mammals these hydrox- 
ylations occur not only at the aliphatic C-atoms 18, 16, 
15, 14, 11, 7, and 6, but also at aromatic positions 4 
and 2. This aromatic ortho-hydroxylation of phenols, 
also well known in the biotransformation of many non- 
steroidal compounds with physiologic and pharmaco- 
logic importance, has several interesting features that 
stimulated intense and steadily increasing investiga- 
tions into 2- and 4-hydroxyestrogens in recent years. 

Because of the evident structural relationship be- 
tween E,, ethinyl estradiol (EE), and in part tyrosine, 
the reactions given here for the natural estrogens are, 
in general, the same for all phenols. 


Metabolism of E, in vitro in rat and human liver 
and in vivo in humans? cn 

When [6,7H]E, is incubated with rat liver slices for 
l hour under O,, approximately 50% of the radioac- 
tivity remains lipophilic, 30% becomes water soluble, 
and 4% is irreversibly bound to protein. 

In the water-soluble fraction containing the “classic” 
conjugates, conjugates with sulfuric and glucuronic 
acid, and the “newer” conjugates, mainly glutathione, 
the sulfate esters predominate. Within the more than 
20 metabolites isolated from the lipophilic and, after 
hydrolysis, water-soluble fractions of rat liver, the main 
metabolites are 2-hydroxylated estrogens (25%), fol- 
lowed by their isomeric monomethyl ethers (15%), 4- 
hydroxyestrogens are of minor importance (8%). 

Essentially the same distribution pattern of metab- 
olites is found: on incubation of human liver slices, al- 
though the turnover of the substrate is reduced. 

In the same patient whose in vitro metabolism in the 
liver was explored, [4-*C]E, was administered orally, 


2-Substituted/ total E 


2.4 1.3 
12 1.6 
20 7 

450 — 

9.0 1.7 


and the excretion pattern of radioactive metabolites was 
monitored in urine. Again, 2-substituted estrogens 
were the main products (10%), although they did not 
exceed the sum of primary (E, + E, = 8%) and l6a- 
hydroxylated (16a-OHE, and E, = 6%) estrogens. 


Concentrations of endogenous 2-substituted 
estrogens in tissue, blood, and urine 


Using a monoisotope-derivative method (radioen- 
zymatic assay) and ether extracts of the tissues, prelim- 
inary values for the concentration of 2-hydroxyestrone 
(2-OHE,) in the female rat were 560 pg/gm for the 
liver, 770 pg/gm for the pituitary gland, and 150 
pg/gm for hypothalamic tissue. In comparison, rat 
plasma contained about 520 pg/ml.’ 

With the use of newly developed radioimmunoassays 
for all relevant catecholestrogens, the determination of 
plasma concentrations became feasible. The obtained 
normal values in humans are given in Table I. Un- 
conjugated and conjugated steroids were determined 
separately. The 2-OHE, concentrations were in the 
range of those of E,, and the 2-OHE, 2-methyl ether 
(2-OCE,) concentrations were even slightly higher than 
those of E, and 2-OHE, together. Determinations of 
the conjugated 2-OHE, and 2-OCE, concentrations re- 
sulted in 10 to 20 times higher values than those ob- 


‘tained for the unconjugated steroids. 


Using the same radioimmunoassays, urinary excre- 
tion rates of 2-substituted and 4-substituted estrogens 
were monitored.’ The results for the 2-substituted es- 
trogens are given in Table IJ. Of special interest were 
the molar ratios of 2-substituted to 2-nonsubstituted 
estrogens, the so-called total estrogens. With the 
exception of women in the reproductive phase, the 
amount of 2-substituted estrogens clearly surpassed the 
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Fig. 2. Tyrosinase-catalyzed reactions. 


amount of all other estrogens together. For the excre- 
tion rates of 2-OHE, and 4-OHE, during the menstrual 
cycle of four healthy subjects, see ref. 4. 


Formation of catecholestrogens: Enzymatic 

hydroxylation of estrogens 

Enzymatic A ring hydroxylation of primary estrogens 
is thought to be affected by three different hydroxy- 
lating systems: peroxidases, tyrosinases, and the “un- 
specific monooxygenases.” 

The mechanism of action of these three enzymes is 
still poorly understood. It is strongly interconnected 
with glutathione metabolism and thus thioether for- 
mation.” It is believed that peroxidases, through the 
generation of hydroxyl radicals, initially oxidize phe- 
nols to phenoxy radicals, eventually leading to dihy- 
droxybenzenes (catechols), partly in a semiquinone 
or o-quinone—reactive form (Fig. 1). These quinones 
show a high binding to deoxyribonucleic acid and pro- 
tein, a reaction that may be competitively inhibited by 


glutathione (GS-SG and thioether formation) and lip- 
ids (lipid peroxidation).* Recently, the estrogen 2-/4- 
hydroxylase activity of the soluble fraction of human 
breast cancer tissue was found to behave. similarly to 
the peroxidase type from the rat uterus.° 

Tyrosinases that show both phenol o-hydroxylase 
and catechol oxidase activity catalyze a two-electron 
transfer to form o-quinones (Fig. 2). The quinones 
have the remarkable ability to conjugate with reactive 
groups on the tyrosinase molecule itself and thus have 
the potential to inhibit the further action of the enzyme 
(product inhibition from the suicide type). The addi- 
tion of glutathione enhances tyrosinase activity, pre- 
sumably by protecting functional groups of the enzyme 
or reactive groups of the product, thereby inhibiting 
the suicide reaction by enhancing not only thioether 
conjugation but also the formation of protein adducts. 
Similar reactions were observed with EE and dopa as 
substrates. 

However, the classic estrogen 2-/4-hydroxylase seems 
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Fig. 3. Hypothetic intermediates in the biosynthesis of 2- and 4-hydroxyestrogens. (From Kuss E. 
Estrogens and glutathione. In: Dolphin D, Voulson R, Avramovic O, eds. Glutathione. New York: 
John Wiley & Sons, 1989:512-49. Copyright© 1989 by John Wiley & Sons, Inc. Reprinted by 


permission of John Wiley & Sons, Inc.) 


to be a cytochrome P-450—dependent microsomal en- 
zyme system. The labile 1,2- and 4,5-arenoxides (dienol 
epoxides) í Fig. 3), in equilibrium with the more stable 
keto- and oxepin tautomers, are the postulated inter- 
mediates. Arenoxides are unlikely precursors of 
thioethers, which need an o-quincne, or more likely a 
semiquinone radical, as molecular species immediately 
preceding their formation.’ 

Hydroxylase activity is strongly dependent on the 
nature of the substrate: 17a-EE is a far better substrate 
than are natural estrogens (EE > E, > E,). 

Enzymatic activity is increased by higher age and the 
male sex—androgens and castration’—and a widely 


varying array of substances such as phenobarbital,” | 


EE,’ and nfampicin,” '° and decreased by cytochrome 
P-450 inhibitors, 2- and 4-haloestrogens,’' and 
growth hormone.” Finally, urinary excretion of 2- 
hydroxyestrogens was increased by malnutrition, hy- 
perthyroidism, and tobacco smoking and decreased by 
liver cirrhosis.* ê Because the C-2 and C-4 hydroxyla- 
tions are strongy correlated (ratio of activity 10:1 to 
20:1), the same mechanism seems to be operative in 
both reactions. Nevertheless, the relative C-2/C-4 re- 
action rates vary depending on both the substrate and 
the source of the enzyme." * 


Metabolism and binding of catecholestrogens 


To elucidate the importance of catecholestrogens in 
physiology. the rate of formation is one important pa- 
rameter; the metabolism and binding are others. 
Within the latter we must discriminate between enzy- 
matic (nonenzymatic) metabolism of the catecholestro- 
gens, both reversible and irreversible, and low- and 
high-affinity binding, with functional preservation of 
“the catechol structure. 

_One of the reversible interactions is the reaction 


with enzymes such as the catechol-O-methyltransferase 
(COMT). In 1958 Axelrod and Tomchick" already 
showed that the COMT is one of the key enzymes in 
the metabolism of catecholamines. We purified the en- 
zyme from the liver, characterized it, and proved 
Knuppen’s hypothesis” that the enzymatic methylation 
of 2-hydroxyestrogens and catecholamines is accom- 
plished by the same methyltransferase.'® Moreover, we 
showed that under standard assay conditions, cate- 
cholestrogens were not only the preferred substrates 
(Table IH)", but also the most potent inhibitors of the 
methylation of catecholamines in vitro (Fig. 4).'°*° We 
suggested that the inhibition of catecholamine metab- 
olism by the catecholestrogens might cause prolonga- 
tion and potentiation of the physiclogic actions of the 
catecholamines, especially blood pressure and gonad- 
otropin release.” 

As demonstrated already by Axelrod and Tomchick, 
COMT is an ubiquitous enzyme. Of special interest is 
its high activity in red blood cells, which leads to the 
high plasma metabolic clearance rate of catecholestro- 
gens (Table IV)” and falsely low catecholestrogen con- 
centrations if the blood is handled incorrectly.” Ca- 
techolestrogens monomethyl ethers are prone to ex- 
tensive demethylation. On incubation with rat liver 
slices, apparent Kms of 12 and 3 pmol/L for 2-OCE, 
and 2-OCE, were obtained." 

Catecholestrogens are metabolized by two other re- 
versible reactions: conjugation with glucuronic and sul- 
furic acid on incubation of [4-"C]2-OHE, or [4-"C]E, 
with rat liver slices; the most prominent finding is the 
extensive conjugation of the catecholestrogens,”' a con- 
jugation rate that is significantly higher (58%) than that 
of the primary estrogen (47%). 

Finally, two irreversible reactions of catecholestro- 
gens should be mentioned. It has long been known that 
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Table III. Substrate specificity of COMT from 
human liver 


Substrate | K,, (pmol/L) 


2-OHE, 15 
2-OHE, 20 
4-OHE, 20 
Dopamine 250 
Epinephrine 300 
EE 10 


Ka Michaelis constant. 


Table IV. Plasma metabolic clearance rates of 
catechol estrogens in humans 








CE | MCR (1/day) 
9-OHE, 28.000 
2-OH Ez 12.000 
4-OHE, 15.000 
2-OCE, 2.000 
E, 400 





CE, Catechol estrogens; MCR, metabolic clearance rate. 


rat liver homogenates metabolize monophenolic estro- 
gens to water-soluble metabolites that are not glucuro- 
nides or sulfates.” One possibility is that the further 
hydroxylation of catecholestrogens leads to tetrahy- 
droxylated, highly water-soluble compounds; another 
possibility is the irreversible binding to amino acids and 
proteins, including the formation of thioethers. 

With respect to thioether formation, Jellinck et al.”° 
and Kuss?” observed that rat liver microsomes in the 
presence of the soluble fraction” or a rat liver homog- 
enate”’ transformed E, to metabolites that had the char- 
acteristics of both a peptide and a phenolic steroid. The 
isolated products were mainly glutathione conjugates 
coupled with the steroid by a carbon-sulfur linkage, 
predominantly at C-atom 4 (ratio of the 4- to the I-S 
isomer approximately 3: 1). Because the same products 
were also formed when microsomes or homogenate 
were completely omitted, a spontaneous nonenzymatic 
process (the addition of thiol by redox reactions) 
was assumed (Fig. 5), and it was stated that the 
semiquinone radical of catecholestrogens seems to 
be the molecular species immediately preceding the 
thioether.> Moreover, because the in vivo formation of 
thioethers was never shown,” it was concluded that “ac- 
tivated estrogens,” capable of reacting spontaneously 
with glutathione, are formed only in very artificial 
systems.” 

Carcinogenesis and cell damage hypothetically in- 
duced by estrogens, especially EE, and diethylstilbes- 
trol, have been proposed to be mediated by activated 
catecholestrogen metabolites****; activated catecholes- 
trogens are known to react covalently with protein and 
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Fig. 4. Methylation of epinephrine by rat liver cytosol without 
and with addition of different inhibitors. 


nucleic acids. However, the mechanism of interaction 
remains obscure: sulfydryl groups as acceptors have 
been excluded, whereas catecholestrogen-protein thio- 
ethers have not been found.® Thus amino groups of 
nucleic acid bases or proteins may react with catechol- 
estrogen quinones. Glutathione, ascorbic acid, and lip- 
ids are thought to compete with macromolecular bind- 
ing, thus possibly preventing some of the deleterious 
effects of catecholestrogens.’ 

I now come to binding, with functional preservation 
of the catechol structure, that is, binding to receptor 
and plasma proteins. 

Aside from production and metabolism, the avail- 
ability of steroids is determined by their binding to 
plasma proteins. In humans steroid hormones circulate 
in complex with three major plasma proteins: sex 
hormone—binding globulin, cortisol-binding globulin, 
and albumin.” Although the relative binding to the 
three proteins varies widely from steroid to steroid, sex 
hormone--binding globulin ts the most important bind- 
ing protein. The relative binding affinities given in 
Table V show a striking affinity of 2-OCE, that exceeds 
that of E; by a factor of 4, whereas the relative binding 
affinity of catecholestrogens amounts to about 1% of 
that value. 

The finding that 2-methylated catecholestrogens 
bind to sex hormone—binding globulin with high af- 
finity in vitro and that sex hormone—binding globulin, 
is the major transport protein for sex steroids. in vivo. . 
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Table V. Relative binding affinities of 2- and 
4-substituted estrogens to sex-hormone—binding 
globulin (testosterone = 1000) 


2-OCE. 2000 
‘Testosterone 1000 
2-OCE, 750 
Estradiol 500 
2-OHE, 7 


raises the possibility that compounds that have negli- - 


gible sex hormone activity could exert physiologically 
important effects by altering the transport of other en- 
dogenous sex hormones. With a computer model, the 
tremendous impact of increasing 2-OCE, concentra- 
tions on free E, and testosterone concentrations was 
calculated.” 

Assuming that catecholestrogens bind to the same 
receptor as E, Martucci and Fishman” examined the 
relative binding affinities of a series of 2- and 4- 
hydroxylated estrogens compared with E,. In the crude 
uterine receptor preparation used, that is, 120,000 g 
supernatant of rat uterus homogenate, the percentages 
shown in Table VI were obtained. 

To evaluate the biologic significance of these bind- 
ing affinities, some further investigations must be men- 
tioned.’ Comparing the biologic potencies after short- 
term injection with these relative binding affinities, the 
following relationships have been found: 2-OHE, has 
20% of the relative binding of E, but only 0.1% of its 
estrogenic potency (ratio 1: 200), and 4-OHE, has 50% 
of the relative binding of E, but only 10% of its estro- 
genic potency (ratio 1:5). The reasons for these dis- 
crepancies are as follows: (1) 2-OHE, is more intensely 
metabolized than is 4-OHE, and especially E,, thus 


preventing comparable amounts of the steroid ever to 
reach the receptor in vivo.’ (2) Assuming that catechol 
estrogens might act analogous to E,, in vivo dissociation 
rates were examined. As anticipated, 2-hydroxylation 
resulted in an increase, but 4-hydroxylation resulted in 
a decrease in dissociation rates compared with the par- 
ent estrogen. Consequently, an interesting experiment 
was done.” In an attempt to minimize the effects of 
differences in the rates of metabolism, two successive 
injections of estrogens in doses adjusted to give similar 
nuclear estrogen receptor concentrations were applied 
to living rats and the biologic effect (concentrations of 
the cytoplasmic progestin receptor in the rat pituitary 
gland) was monitored (Table VII). Strikingly, 2-OHE, 
was about one half less, but 4-OHE, was about one half 
more potent than the parent Es. 

In conclusion, on continous administration, differ- 
ences in metabolism, receptor binding, receptor kinet- 
ics, and biologic responses lead to a much smaller bi- 
ologic (estrogenic) effect of 2-hydroxyestrogens but to 
about an equal effect of E, and 4-OHE,. 


Interactions of catecholestrogens (especially EE) 
with catecholamines, proteins, and 
deoxyribonucleic acid 


In general, it may be stated that the production and 
endogenous metabolism of estrogens are strongly in- 
terconnected with the metabolism and biologic effects 
of other chemically related endogenous and exogenous 
substances. 

From the literature it is known that the biologic 
effects of catecholamines are governed not only by 
enzymatic formation (key enzyme: tyrosinase), enzy- 
matic inactivation (COMT/monoamine oxidase), and 
ultimate receptor binding, but also by the reuptake of 
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Table VI. Relative binding affinities of 
estrogens to the cytosolic receptor (percent) 





Es 100 
4-OHE, 43 
2-OHE, 23 
E, l1 
4-OHE, 10 
2-OHE, 2 
2-OCEs 0.05 
2-OCE, 0.01 


catecholamines into the cell. EE could possibly interact 
with all four events. 

Without discussing the details of the investigations 
reported so far, the following may be summarized” 
(Table VIII): the interference of E, and 2-OHE, with 
the catecholamine receptor is at least questionable. 

Catecholestrogens as catecholamines are approxi- 
mately equal potent inhibitors of tyrosinase activity. 
However, because high concentrations of catecholes- 
trogens are necessary to cause measurable inhibition, 
the physiologic role of this interaction remains un- 
certain. 

Although in vitro catecholestrogens and especially 
2-OHEE are potent inhibitors of the COMT-mediated 
inactivation of catecholamines, this inhibiton with its 
proved prolongation of catecholamine action does not 
seem essential for the regulation of blood pressure 
in vivo. As suggested by Ghraf and Hiemke,”’ the reup- 
take inhibition brought about by Es and 2-OHE, may 
be the dominant mechanism. 

17a-EE is a potent inhibitor of catecholamine reup- 
take. The introduction of a 2-hydroxy- and especially 
the 4-hydroxy group, however, reduces the inhibitory 
potency. 

In conclusion, it may be stated that EE, together 
with its ortho-hydroxylated metabolites (2-OHEE and 
4-OHEE), increases the biologic activity of catechol- 
amines more than the primary estrogens, an effect that 
may be enhanced even during high catecholamine se- 
cretion states, such as under the influence of stress 
caused by physical activity." 

Another possibly adverse effect of the highly effec- 
tive synthetic estrogen compared with primary estro- 
gens may stem from its more rapid metabolism to cat- 
echol derivatives, with the potential of irreversible bind- 
ing to cellular macromolecules such as proteins and 
deoxyribonucleic acid. It is interesting to note that the 
oncogenic potential of an estrogen seems to be related 
to its relative rate of conversion to a catecholestrogen 
and not to its estrogenic potency per se.” Although 
controversial in the hterature,” high concentrations of 
estrogens, but especially of EE, present over a long time 
interval may eventually facilitate the development of 
cancer, especially uterine and breast cancers. 
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Table VII. Biologic effect of estrogens in 
rat pituitary 






Cytoplasmic progestin receptor 





Compound (mimg protein) 
Vehicle 6.4 
2-OHE, l {2.7 
E? 25.9 
4-OHEs 32.1 


Table VIII. Interaction of estrogens with 
catecholamine physiology 


| . Inhibition 


CA reuptake 17a-EE > E, > 2-OHE > 4-OHE 
Tyrosinase NE = 2-OHE»; E inactive 
COMT 17a-EE > 2-OHE, > 2-OHE, 


CA receptors E, > 2-OHE, 


CA, Catecholamine; NE, norepinephrine. 
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Some progestogens widely used in oral contraceptives are characterized at the level of high-affinity 
receptor binding as well as binding to sex hormone—binding globulin and corticosteroid-binding globulin. 
With regard to binding to sex hormone—binding globulin, gestodene, levonorgestrel, and to a lesser extent 
3-ketodesogestrel (which is only formed from the prodrug desogestrel in the body), show a behavior tnat is 
manifested in the relatively high affinity to sex hormone—binding globulin, whereas desogestrel and 
norgestimate do not display any measurable affinity for this specific steroid-binding serum protein, 
Furthermore, levonorgestrel and gestodene dissociate very much more slowly from the binding sites of sex 
hormone—binding globulin than 3-ketodesogestrel. A natural affinity of all these synthetic progestogens 
tested for corticosteroid-binding globulin could not be established. Gestodene, levonorgestrel, and 
3-ketodesogestrel bind to the progesterone, glucocorticoid, and androgen receptor with high affinity, apart 
from slight differences, whereas estrogen receptor affinity could not be demonstrated in any of the 
progestogens investigated. In relation to aldosterone, the relative binding affinity values of gestodene, 
levonorgestrel, and the natural progestogen progesterone are relatively high, whereas 3-ketodesogestrel 
does not display any measurable affinity for this receptor species. (Am J OpsteT Gyneco. 1990;163: 


2171-83.) 
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A generally accepted classical principle of therapy 
with pharmacologically active substances is that the 
greatest possible effectiveness is to be reached at the 
lowest dosage. The idea behind this approach is based 
on the assumption that the lower the therapeutic dose, 
the less the burden on the body as a whole, especially 
in terms of possible adverse drug effects. 

With regard to oral contraceptives, efforts have been 
made over many years to reduce the overall amount of 
estrogenically and progestogenically active steroid com- 
ponents applied over the menstrual cycle and to find 
synthetic steroids that offer not only efficacy but also 
a large measure of tolerance. 

The proportion of estrogen in the oral contraceptives 
of the most recent generation has been reduced; for 
example, it is down to 30 pg per pill in the most wide- 
spread form of ethiny! estradiol, above all to lower 
markedly the incidence of adverse drug effects caused 
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by estrogens. Regarding the gestagen constituent in 
oral contraceptives, however, there is no uniformity 
with regard to the steroid used or to the dosage. ‘The 
synthetic progestogens most frequently used are levo- 
norgestrel, desogestrel, gestodene, cyproterone ace- 
tate, and norgestimate. Thus levonorgestrel, the classic 
orally active synthetic progestogen, presents the ad- 
vantage of balancing overshoot and adverse effects of 
the estrogen component besides providing a markedly 
reduced dosage.’ The antiandrogenically active cypro- 
terone acetate had the advantage of processing a highly 
antiandrogenic activity component, in addition to its 
potent gestagenic effects, which allowed an additional 
effective treatment in androgenization manifestations 
of the skin in potential users of oral contraceptives.?* 
Desogestrel,” gestodene, ™'* and norgestimate," fur- 
ther agents from the 19-nortestosterone series, which 
are now available for clinical application in oral con- 
traceptives, appeared to set new standards with regard 
to activities and hormonal profiles. 

The dosage of progestogens used in oral contracep- 
tives shows a large range of variation. However, a dose 
reduction of a certain progestogen is limited by its hor- 
monal effectiveness, because the component used in 
oral contraceptives has to suppress ovulation reliably. 
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Table I. Relative binding affinities (%) of 
various progestogens in comparison with 
cortisol and DHT for binding to human CBG 
and SHBG 


CGB SHBG 
Cortisol 100 <0.1 
DHT <0.1 100 
Progesterone 53 <0.1 
Medroxyprogesterone acetate <0.1 <0.1 
Cyproterone acetate <0.1 <0.1 
Org2058 <0.1 <O.1 
R5020 <0.1 <0.1 
Levonorgestrel <0.1 50 
Gestodene <0.1 40 
3-Ketodesogestrel <0.1 5 
Desogestrel <0.1 <0.1 
Norgestimate <0.1 <0.1 


Therefore, a progestogen used in a lower dose must ' 


be more potent, not only with respect to central effects, 
but also in regard to peripheral effects. 

The efficacy of the progestogen used is a feature 
consisting of a kaleidoscope of the most different qual- 
ities. According to the conventional view, a basic pre- 
requisite for gestagenic activity is an adequate affinity 
for the progesterone receptor and active induction of 
a conformational change of the receptor molecule dur- 
ing binding as well as the duration of binding to the 
chromatin. Whereas the affinity of a progestogen to the 
receptor is a parameter determined by the structure of 
the steroid, the number of the receptors occupied by 
the steroids depends on the steroid concentration in 
the target cell. The intracellular steroid level is in turn 
a function of the “free” steroid, which is only able to 
enter the cell, but which is also dependent on intra- 
cellular metabolism and storage. The blood level of 
“free” steroid, that is, nonprotein-bound steroid, is 
mainly influenced by the total steroid level and by the 
affinity to specific steroid-binding proteins such as sex 
hormone—binding globulin (SHBG) or corticosteroid- 
binding globulin (CBG). 

The blood levels also depend on absorption, metab- 
olism in the gastrointestinal tract and in the liver, dis- 
tribution and storage in the tissues, the enterohepatic 
circulation, and the rate of elimination and excretion- 
dependent function, that is, the pharmacokinetics. The 
dosage of progestogens in oral contraceptives is thus 
only one link in the long chain that ultimately deter- 
mines the efficacy of a steroid hormone. 

The aim of the present study is to make a broad 
characterization of progestogens such as levonorges- 
trel, desogestrel, gestodene, and norgestimate,’ which 
are widely used in oral contraceptives, at the level of 
receptors and as high-affinity steroid-binding serum 
proteins. 
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Material and methods 


Materials. Tritiated aldosterone (specific activity 2.96 
terabecquerel [TBq]/mmol), tritiated R5020 (specific 
activity 3.22 TBq/mmol), tritiated DHT (specific activ- 
ity 5.29 TBq/mmol), tritiated estradiol (specific activity 
3.44 TBq/mmol), tritiated R1881 (methyltrienolone} 
(specific activity 3.22 TBq/mmol), and tritiated unla- 
beled R5020 and R1881 were purchased from New 
England Nuclear, Dreieich, West Germany. Tritiated 
dexamethasone (specific aciivity 3.03 TBg/mmo)), tri- 
tiated Org2058 (specific activity 2.2 TBq/mmol), and 
tritiated cortisol (specific activity 3.5 TBq/mmol) were 
obtained from Amersham Buchler, Braunschweig, 
West: Germany. Tritiated gestogene (specific activity 
2.0 TBq/mmol), tritiated 3-ketodesogestrel (speci- 
fic activity 1.6 TBq/mmoli), tritiated levonorgestrel 
(specific activity 1.8 TBq/mmol), and unlabeled ges- 
todene, desogestrel, 3-ketodesogestrel, norgestimate 
and levonorgestrel were a gift from Schering AG, 
Berlin-Bergkamen, West Germany. Other steroids 
used were ordered from Serva, Heidelberg, West Ger- 
many. All other chemicals were of pharmaceutical 
grade. PENG-buffer consisted of 10 mmol/L KH,PO,, 
10 mmol/L K.HPO,, 1.5 mmol/L EDTA, 3 mmol/L 
NaN;, 5 mmol/L monothioglycerol, and 10% glycerol, 
pH 7.5. DCC (dextran-coated charcoal) consisted of 
0.5% Norit A and 0.05% dextran T400 in PENG- 
buffer. | 

Tissues and serum samples. Kidneys of adrenalecto- 
mized female Wistar rats were used as a source for 
mineralocorticoid receptor. Estrogen and progesterone 
receptors were assayed in cytosols of human uterine 
tissues. Glucocorticoid receptors were determined in 
cytosols of adrenalectomized female Wistar rat livers. 
The binding of steroids toward androgen receptors was 
determined in the cytosol of prostates of castrated rats. 

For binding analysis to the serum steroid-binding 
proteins (CBG and SHBG), human pregnancy serum 
that was stripped of endogenous steroids with dextran- 
coated charcoal was used. All tissues and serum samples 
were quick-frozen in liquid nitrogen and stored at 
— 80° C until use. 

Cytosol preparation. The frozen tissue samples were 
minced, and after the addition of cold PENG-buffer, 
were homogenized (Ultra Turrax; Janke und Kunkel, 
Melsungen, West Germany). 

The homogenate was centrifuged at 105,000 g at 
4° C for 30 minutes in a fixed-angle rotor (60 Ti; Beck- 
man Instruments, Munich, West Germany). The clear 
supernatant was used. Protein concentrations of the 
cytosols were determined according to the method of 
Lowry et al.” g | 

Relative binding affinities 

MINERALOCORTICOID RECEPTORS. Aliquots (0.1 ml) 
of rat kidney cytosols were incubated with tritiated al- 
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Fig. 1. Competition for labeled DHT and cortisol binding in diluted serum of pregnant women. 


dosterone (50 pl, final concentration 8 nmol/L), to- 
gether with increasing concentrations (50 ul, final 
concentration 10~'° to 1077 mol/L) of various compet- 
itor steroids for 4 hours at 4° C in the presence of a 
200-fold molar excess of nonlabeled RU 28362. Un- 
bound steroids were adsorbed by incubating with 
0.5 ml of a dextran-coated charcoal suspension for 10 
minutes at 4° C.. After centrifugation (10 minutes, 
1500 g, 4° C), 0.5 ml of the supernatant was withdrawn 
and counted for radioactivity. The relative binding af- 
finities were evaluated according to the method of 
Korenman.'® 

GLUCOCORTICOILD RECEPTORS. Cytosols of livers of ad- 
renalectomized rats were used, and tritiated dexa- 
methasone (final concentration 8 nmol/L) served as 
ligand. The incubation period was 4 hours at 4° C. 

PROGESTERONE RECEPTORS. For cytosol preparation, 
human uterine tissues were used; tritiated R5020 (final 
concentration 8 nmol/L) served as ligand. The incu- 
bation period was overnight at 4° C. 

ESTROGEN RECEPTORS. Cytosol was prepared from 
human uterine tissues; the ligand was tritiated estradiol 
(final concentration 8 nmol/L). The incubation period 
was overnight at 4° C. 

ANDROGEN RECEPTORS. Progesterone receptor-free 
cytosols of prostates of castrated rats were used; triti- 
ated R1881 (final concentration 8 nmol/L) served as 
ligand in the presence of a 200-fold molar excess of 
unlabeled triamcinolone acetonide. The incubation pe- 
riod was 4 hours at 4° C. 


SERUM BINDING PROTEINS. Relative binding affinities 
toward SHBG and CBG were determined by using 
stripped human pregnancy serum in a dilution with 
PENG-buffer in a ratio of 1:50 and tritiated cortisol 
or tritiated DHT as ligands, both in a final concentra- 
tion of 8 nmol/L. The incubation period was overnight 
at 4° C. 

Rate of association of tritium-labeled progestins 
with serum proteins. Aliquots (0.1 ml) of diluted se- 
rum from pregnant women or purified SHBG were 
incubated in triplicate with different tritium-labeled 
progestins (final concentration 8 nmol/L), either alone 
(total binding) or together with a 200-fold molar excess 
of unlabeled identical progestin at 4° C for different 
time intervals as indicated in the Figures. At the time 
intervals indicated, 0.5 ml dextran-coated charcoal sus- 
pension was added and incubated for 10 minutes. After 
centrifugation (10 minutes, 1500 g 4° C), 0.5 ml of the 
supernatant was withdrawn and counted for radioac- 
tivity. 

Rate of dissociation of different tritium-labeled 
progestins from serum proteins. Aliquots (0.1 ml) 
of diluted serum from pregnant women, or puri- 
hed SHBG and CBG, were incubated in triplicate 
with tritium-labeled progestins (final concentration 8 
nmol/L) plus or minus a 200-fold molar excess of un- 
labeled identical progestin overnight at 4° C. To all 
tubes 0.5 ml of dextran-coated charcoal was added and 
incubated for different time intervals, as indicated in 
the Figures, under gentle shaking at 4° C. After the 
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Fig. 2. Determination of the half-life of various tritium-labeled steroid-binding complexes of diluted 
serum of pregnant women and purified human SHBG. 


time intervals indicated; the tubes were centrifuged (10 
minutes, 1500 g, 4° C), and 0.5 ml of the supernatant 
was counted for radioactivity. 

Titration analyses. The general set-up was as fol- 
lows: 0.1 ml aliquots of aqueous tritiated steroid solu- 
tions (final concentrations 0.5, 1.0, 2.0, 4.0, and 8.0 
nmol/L) were incubated either alone (total binding, 
duplicates) or together with a 200-fold molar excess of 
unlabeled competitor (nonspecific binding), together 
with 0.1 ml of diluted serum of pregnant women for 


4 hours at 4° C. Dextran-ccated charcoal (0.5 ml) was 
added, incubated for 10 minutes or only 5 minutes at 
4° C and centrifuged for 10 minutes at 1500 g and 
4° C. Aliquots (0.5 ml) of the supernatants were with- 
drawn and counted for radioactivity. The binding data 
were calculated according to the method of Scatchard." 

Sucrose density gradient analysis. Aliquots of 0.5 
ml of human uterine cytosol were incubated with 16 
nmol/L of tritium-labeled steroids with or without a 
200-fold molar excess of unlabeled steroids for 16 
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hours at 4° C. After that, unbound steroids were then 
removed by DCC treatment and 0.2 ml aliquots were 
layered on top of 10% to 35% linear sucrose gradi- 
ents. The gradients were centrifuged for 2.5 hours 
at 4° C at 404,000 g in a vertical rotor (Beckman 
VTi 65). The gradients were collected from the bot- 
tom in 40 fractions and were standardized with the 
following proteins: fluorescein isothiocyanate—labeled 
bovine serum albumin (molecular weight 67,000) and 
fluorescein isothiocyanate~labeled immunoglobulin G 
( molecular weight 150,000) (Behring Werke, Marburg, 
West Germany). 

Purification of SHBG and CBG. Human SHBG or 
CBG was purified to homogeneity by application of 
three different chromatographic methods as previously 
described in detail.’* '° 


Results 


Serum proteins 

Competition experiments. The determination of the rel- 
ative binding affinities (RBA values) allows an evalua- 
tion of the specific interaction between a ligand and the 
binding site of steroid-binding serum proteins such as 
CBG and: SHBG or of intracellular receptor proteins 
in relation to a radioactively labeled standard ligand 
typical of the respective binding protein. Table I and 
Fig. 1 summarize the results of the competition 
behavior of progesterone as compared with different 
established synthetic progestogens tested on specific 
serum proteins. In contrast to progesterone, which 
binds to CBG with an RBA value of 53% when com- 
pared with cortisol (100%), a natural affinity of all syn- 
thetic progestogens for CBG could not be established. 
With regard to binding to SHBG, gestodene, 
levonorgestrel—and to a lesser extent 3- 
ketodesogestrel—show a behavior that is typical of 19- 
nortestosterone derivatives and that is manifested in 
the relatively high affinity to SHBG when compared 
with DHT (100%). The RBA value for levonorgestrel 
is 50%, for gestodene 40%, and for 3-ketodesogestrel, 
5%, whereas progesterone does not bind to SHBG. The 
synthetic progestogens from the C-2] series, medroxy- 
progesterone acetate and cyproterone acetate, along 
with the highly potent synthetic ligands for progester- 
one receptor analysis, Org2058 and R5020, are char- 
acterized by a lack of binding to both steroid-binding 
serum proteins. The same is also true for norgestimate. 

Association and dissociation rates. Kinetic parameters 
such as association and dissociation rates of steroid hor- 
mone serum protein complexes provide important in- 
formation as to the stability of such complexes. 

The dissociation of different steroid hormones from 
the binding areas of serum proteins was measured by 
treatment of diluted serum of pregnant women or pu- 
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Table II. Dissociation rates of different steroid 
hormone serum protein complexes 








Diluted serum of | Purified | Purified 
Steroid pregnant women | SHBG CBG 
Progesterone 4.4 n.m. 4.8 
DHT 6.6 Bel n.m. 
Levonorgestrel 29.3 11.8 nm. 
Gestodene 23.8 26.4 n.m. 
3-Ketodesogestrel 3.8 2.6 n.m. 


Values are half-life minutes. 
n.m., Not measured. 


Table ITI. Association rates (80% values) of 
different steroid hormones with specific 
binding components of diluted serum of 
pregnant women and purified SHBG 


Diluted serum of 
pregnant women 






Purified 
SHBG 









Steroid 


Progesterone 12 n.m, 
DHT 12 90 
Levonorgestrel iz 18 
Gestodene 12 18 


3-Ketodesogestrel 


Values are association rates in minutes. 
n.m., Not measured. 


rifed human SHBG and CBG with dextran-coated 
charcoal that had been incubated with the correspond- 
ing tritium labeled steroid under conditions of satu- 
ration. Fig. 2 and Table II document that levonor- 
gestrel and gestodene dissociate much more slowly, 
both from the binding sites of pregnancy serum and 
from the binding sites of purified SHBG, than 3- 
ketodesogestrel and DHT (which was used as a refer- 
ence steroid for the specific detection of SHBG). This 
is a manifestation of relatively stable steroid-protein 
complexes. 

The kinetics of the association of different tritium- 
labeled steroid hormones with the specific binding sites 
of serum proteins over a period of 4 hours are shown 
in Table HHI and Fig. 3. After saturation of the binding 
sites from diluted serum of pregnant women or puri- 
hed SHBG with tritium-labeled gestodene, levonor- 
gestrel, and DHT within 12 minutes (80%): values, 
the specific binding remains stable over a period of at 
least 4 hours at 4° C. The association kinetics of 3- 
ketodesogestrel established in pregnancy serum or pu- 
rified SHBG demonstrate that there was no saturation 
of the binding sites even after 4 hours of incubation 
under saturation conditions. 

Scatchard plot analysis. The titrations of the specific 
binding sites with DHT, gestodene, levonorgestrel, and 
3-ketodesogestrel in diluted human serum of pregnant 
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Fig. 3. Time course of association of various tritium-labeled steroids with diluted serum of pregnant 


women and purified human SHBG. 


Table IV. Determination of K, values 
according to Scatchard of different steroids in 
diluted serum of pregnant women 


Steroid Ky values 


DHT 1.9 x 107? mol/L after 10-minute 
DCC treatment 


Levonorgestrel 1.3 x 107° mol/L after 10-minute 
DCC treatment 
Gestodene 1.0 x 107° mol/L after 10-minute 


DCC treatment 

n.m. after 10-minute DCC 
treatment 

1.9 + 1078 mol/L after 5-minute 
DCC treatment 


3-Ketodesogestrel 


3-Ketodesogestrel 
nam, Not measured. 


women show that after transformation of the binding 
data according to Scatchard there is a typically linear 
correlation between bound/free and tritium-labeled li- 
gand concentrations. The dissociation constants (Ka 


values), determined arithmetically from the Scatchard 
plot analysis, are Ky = 1.9 x 107° mol/L for DHT, 
whereas the Ku values for gestodene and levonorgestrel 
are one order of magnitucle lower under conditions of 
10 minutes of DCC treatment (Table IV). In contrast 
to this, a titration according to Scatchard is not possible 
owing to the extreme lability of the steroid-protein com- 
plex when 3-ketodesogestrel is used as a ligand under 
the condition of 10 minutes of DCC treatment for sep- 
aration of free and protein-bound steroid. Only the 
reduction of the incubation time with DCC to 5 minutes 
allows an arithmetic determination of the binding data 
according to Scatchard (K, = 1.9 x 107° mol/L) in this 
case. 
` Receptor studies | 

Competition experiments. Table V summarizes the re- 
sults of competition experiments on the level of pro- 
gesterone receptor from human uterine tissues with 
various reference steroids. R5020 is the reference 
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Table V. Relative binding affinities (%) of different progestogens for binding to human uterine 


progesterone receptor 


R5020 Ketodesogestrel 


Progesterone 40 
Gestodene 85 
Levonorgestrel 120 
R5020 100 
Org2058 350 
Desogestrel l 
3-Ketodesogestrel 130 
Norgestimate <0.1 
Cyproterone acetate 90 
Medroxyprogesterone acetate 115 


n.d., Not determined. 


Levonorgestrel 

15 2 18 
110 100 150 
90 75 100 
20 20 22 
n.d 35 n.d 

0.3 <0.1 0.3 
100 55 110 

<0.) <0.1 <0.1 
n.d n.d. n.d 
n.d n.d. n.d 


Table VI. Relative binding affinities (%) of different progestogens for binding to human uterine estrogen 
receptor, rat liver glucocorticoid receptor, rat kidney mineralocorticoid receptor, and rat prostate 


androgen receptor 


Gludocortecoid Mineralocorticoid Androgen 
receptor receptor receptor 


Dexamethasone 
Progesterone 10 
Gestodene 27 
Levonorgestrel 0.6 
R5020 17 
Org2058 3 
Desogestrel <0.1 
3-Ketodesogestrel 14 
Norgestimate <0.1 
Cyproterone acetate 6 
Medroxyprogesterone acetate 29 


steroid most frequently used in receptor studies. 
When employing R5020, it is shown that the proges- 
togens such as cyproterone acetate, gestodene, and 
levonorgestrel (which are frequently used in oral con- 
traceptives) and the biologically active metabolite 3- 
ketodesogestrel (which is only formed from the pro- 
drug desogestrel ir. the body) bind to the progesterone 
receptor with high affinity apart from slight differ- 
ences. The RBA values are markedly higher than those 
of progesterone, the natural gestagen. No measurable 
binding affinity at the progesterone receptor could be 
demonstrated for norgestimate in the system used, in- 
dicating that this substance (similar to desogestrel) con- 
stitutes a prodrug that must be transformed into the 
biologically active form by metabolic processes in the 
body. 

If trittum-labeled gestodene, 3-ketodesogestrel, or le- 
vonorgestrel are used as reference steroids, a different 
arrangement is seen in the hierarchy of the RBA values 
in some cases (Table V and Fig. 4). For example, R5020 
is only a weak competitor when compared with the 
reference steroids mentioned. Thus, 3-ketodesogestrel 
is able to displace gestodene from its binding sites in 
the uterine cytosol only with a reduced binding affinity, 


Estrogen 

receptor 
100 <0.1 <0.1 
350 100 <0.1 
70 45 <0.1 
53 0.1 <0.1 
27 <0.1 <0.1 
<0.1 <0.1 <0. 1 
<0.1 20 <0.1 
<0.1 <0.1 <0.1 
8 6 <0.1 
160 5 <0.1 


whereas gestodene conversely proves to be a high- 
affinity competitor for tritiated 3-ketodesogestrel. 

Gestodene, 3-ketodesogestrel, and medroxyproges- 
terone acetate bind with relatively high affinity for the 
glucocorticoid receptor from rat livers of adrenalec- 
tomized animals comparable to that of progesterone, 
whereas cyproterone acetate, and to a greater extent 
levonorgestrel, only interact with lower affinity with the 
binding area of the glucocorticoid receptor (Table VI 
and Fig. 5). 

The high affinity of gestodene when compared with 
that of the mineralocorticoid receptor from kidney cy- 
tosol of adrenalectomized rats is striking (Table VI and 
Fig. 5). In relation to aldosterone, the RBA value is 
350%, which indicates a strong mineralocorticoid or 
antimineralocorticoid action of this compound at the 
receptor level. Medroxyprogesterone acetate, levonor- 
gestrel, and progesterone, the natural gestagen itself, 
also have high binding affinities to the mineralocorti- 
coid receptor, whereas 3-ketodesogestrel and norges- 
timate do not display any measurable affinity for this 
receptor species. 

Furthermore, gestodene, levonorgestrel, and 3- 
ketodesogestrel bind with relatively high affinity to the 


2178 Juchem and Pollow 


Competition curves 
Human uterine progesterone receptor 


i S-H-R6020 bound [%] 








100 


- te 
bas 
a 
, NORN a 
80 7% NNS a : 
f ANE ONS 
“NEP ` 
ROS 








t 
! 
l 
NS * 
WONN 1 Ox 
60> = “AN `N, BON 
`, RNA S vee 
` AN ee ir 
wa . 
40 - Sop N 
rs En KR EN. 
RN NL 3a ! 
S ` Tage 
“| RR r a § 
on 
Poel ~ t 
| Gompetitor concentration {mol/t] = 
0‘ j 
010 i? 108 a07 108 a6" 


— R5020 ~*~ Dosog. —— Progest. -= Lewanorg. 
—~ Ketodes. “~~ Geatod. —— Norgeat. -= Of920658 


Competition curves 
Human uterine progesterone receptor 


3-H-Levonargestre! bound [%] 


80 
60 


40 





29 i Soon 
Competitor concentration Imol/1] i = 
= l l p 
1079 ag? 108 07 108 a95 


—~ R5020 ~~ Desog. —— Progest. -Œ Levonorg. 
—~~ Katodas, “+ Gestod. -= Norgeet. 


December 1990 
Am J Obstet Gynecol 


Competition curves 
Human uterine progesterone receptor 


3-H-Geatodene bound [%] 





ce $ = 
| Competitor concentration [mol/l] * oe Sod 
O b 


w50 ag? 108 og? 108 = 4, ® 


“~~ R5020 “+ Deaog. —— Progest. + Levonorg. 
-= Ketodes, —— Geatod. -* Norgest. 


Competition curves 
Human uterine progesterone receptor 


93-H-Ketodesogestra! bound [%] 


80 
60 
40r 


20 





0 
“10 Š “ pe ż 
10 10 10 10 10 190 
~~ R5020 + Omacg. —*— Progest. -E Levonory. 
-= Ketodes. —— Geatod. -5 Norgeat. 


Fig. 4. Specificity of the binding of different tritium-labeled progestins to the cytoplasmic proges- 


terone receptor in human uterus. 


androgen receptor from prostate cytosol of rats but to 
a lesser extent (Table VI and Fig. 5). Cytoproterone 
acetate acts as a highly effective antiandrogen in ad- 
dition to its partial gestagen effect. Astonishingly, it 
displays an RBA value of only 6% compared with the 
synthetic ligand R1881 (functioning as reference ste- 
roid [= 100%]). 

Estrogen receptor affinity could not be demonstrated 
in any of the progestogens investigated (Table VI and 
Fig. 5). | 

Sucrose density gradient centrifugation. Fig. 6 shows den- 
sity gradient profiles of human uterine cytosol, which 


was incubated with different tritrum-labeled synthetic 
progestogens. Trittum-labeled progesterone receptor 
complexes that settled as sediment in the 8S and 4S 
region of the linear sucrose gradient can be demon- 
strated for all ligands tested. In contrast to Org2058, 
a- highly potent synthetic ligand for progesterone re- 
ceptor analysis, it is evident that when gestodene, le- 
vonorgestrel, or 3-ketodesogestrel are used as ligands, 
a high proportion of tritium binding in the 4S region 
is to be observed. The ligand cannot be displaced, even 
with high molar excess of authentic steroid or Org2058. 

This is to be rated as manifestation of relatively high 


Volume 163 
Number 6, Part 2 


Competition curves 
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Fig. 5. Specificity of the binding of different tritium-labeled steroids to the cytoplasmic glucocorticoid 
receptor of rat liver, mineralocorticoid receptor of rat kidney, androgen receptor of rat prostate, 


and estrogen receptor of human uterus. 


nonspecific binding activity of these synthetic ligands 
for uterine cytosol. 


Comment 


In terms of present day understanding, it is generally 
accepted that a correlation seems to exist between re- 
ceptor binding of steroid hormones and biologic activ- 
ity of these compounds in vivo. In this connection, how- 
ever, it is to be mentioned that competitive analysis, 
with which the binding affinities are measured as com- 
pared with a reference steroid as RBA values, is doubt- 


less incapable of establishing whether high binding af- 
finity acts agonistically or antagonistically at the recep- 
tor level. In vivo experiments will be required to 
establish this characteristic. . 

In the Clauberg test, the standard method of deter- 
mining gestagenic dctivity—because it detects the ca- 
pacity of the progestogen to transform the estrogen- 
stimulated endometrium—gestodene is superior to all 
known progestogens including 3-ketodesogestrel.” For 
example, gestodene is three times more potent than 
levonorgestrel. However, this does not reflect the sit- 
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Fig. 6. Sucrose density gradient centrifugation of human myometrial cytosol preincubated with 


different tritium-labeled synthetic progestins. 


uation with regard to the affinity to the progesterone 
receptor. In this connection it should be mentioned that 
in vitro binding affinities were determined at 4° C, 
whereas clinically relevant receptor binding occurs at 
IG, 

An important aspect of the endocrinologic profile of 
progestogens of the gonane sertes is their androgenic 
activity. It is surprising to find that gestodene, despite 
its distinctly more powerful binding affinity to the an- 
drogen receptor, does not possess correspondingly 


more potent androgenicity than levonorgestrel or 3- 
ketodesogestrel (Herschberg test).”” 

Attention should be drawn to the fact that gestodene 
has a surprisingly high affinity for the aldosterone re- 
ceptor. This affinity corresponds to weak antialdoster- 
one activity in adrenalectomized rats, ™™ in which ges- 
todene partially blocks the elimination of sodium with 
the urine. Whether this can have any clinical signifi- 
cance is doubtful, because significantly higher dosages 
of gestodene are needed for the antialdosterone activity 
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in comparison to the low level that exerts contraceptive 
efficacy in womer.. In this respect, gestodene can be 
compared with progesterone which, in physiologic 
doses, has a natriuretic effect in humans,” In con- 
trast, 3-ketodesogestre] is characterized by a lack of 
binding to the mineralocorticoid receptor of kidney 
tissue of adrenalectomized rats. Furthermore, the com- 
petition studies demonstrated that desogestrel (but also 
norgestimate) function as prodrugs because the pattern 
of binding at the hormone receptors show no affinity. 

As anticipated, sucrose gradient centrifugation anal- 
ysis of cytosol of human myometrial tissue after satu- 
ration with tritium-labeled R5020, gestodene, cypro- 
terone acetate, levonorgestrel, and 3-ketodesogestrel 


showed that the progestogen-binding components sed- 


imented in the 4S and 8S region. In use of tritiated 
R5020 as binding partner, a 200-fold molar excess of 
nonradioactive R5020 almost led to complete reduction 
of the radioactivity, both in the 8S and in the 4S region. 
On the other hand, only a reduction of the 8S binding 
is to be observed in use of the other synthetic tritium- 
labeled progestogens in the presence of a 200-fold mo- 
lar excess of nonradioactive authentic progestogen it- 


self or R5020 as competitors. Binding of 45 was not. 


reduced, which indicates the existence of a second high- 
capacity binding component. The nature of this binder 


is speculative. Because a 200-fold molar excess of non- ' 


radioactive DHT also does not lead to any appreciable 
reduction in protein-bound radioactivity in the 4S re- 
gion, SHB is to be largely ruled out as binder. 

The nonspecific binding in the 4S binding area vi- 
sualized by sucrose density gradient analysis is reflected 
in the results obtained by HPLC analysis. Here, binding 
peaks are also to be observed that are not imaged in 
use of tritiated Org2058, or are only restricted to a 
limited extent in the presence of a 200-fold molar ex- 
cess of nonradioactive Org2058 in the remaining spec- 
trum of tritium-labeled progestogens. 

As mentioned in the beginning, the biologic activity 
of a synthetic as well as a natural steroid hormone is 
not determined only by the binding properties on 
the receptor level; in addition, the distribution of ste- 
roid hormones between various protein-bound and 
nonprotein-bound components of the serum is of cru- 
cial importance for the bioavailability in different target 
tissues. 

The binding of several contraceptive steroids to 
SHBG has been studied in detail," and some infor- 
mation is available on the relative binding of ethiny- 
lestradiol, norethisterone, and levonorgestrel to se- 
rum albumin, but little information is available about 
how changes in circulating concentrations of steroid- 
binding proteins influence the plasma distribution of 
endogenous or contraceptive steroids. 

In several publications," it is reported that oral 
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contraceptives that contain gestodene, but also 3- 
ketodesogestrel (much used progestogens in low-dose 
oral contraceptives of the most recent generation), lead 
to an increase of SHBG and CBG blood levels in con- 
sequence of increased hepatic synthesis of these pro- 
teins induced by high concentrations of ethinylestradiol 
in the hepatic-portal circulation. With regard to levo- 
norgestrel, it is of interest to note that the same effect 
was not seen for SHBG. Levonorgestrel suppresses the 
ethinylestradiol-induced increase in serum SHBG as a 
function of the ratio of the levonorgestrel/ethinyles- 
tradiol doses in the pill, but its mechanism of action is 
not known. With regard to CBG, levonorgestrel (similar 
to gestodene and 3-ketodesogestrel) also leads to an 
increase of the serum concentration similar to that ob- 
served in women given ethinylestradiol alone. 

Recently, in a comparison study with two low-dose 
oral contraceptives (one preparation contained 150 pg 
desogestrel and 30 um ethinyl estradiol and the other 
preparation contained 75 wg gestodene as gestagenic 
component), Kuhl et al. were able to show the fol- 
lowing: 

1. Serum levels of 3-ketodesogestrel, the biologi- 
cally active metabolite of desogestrel, and gesto- 
dene rose in the course of an administration 
cycle. 

2. Up to the third cycle of administration, the ges- 
todene concentration revealed identical time 
courses in each cycle of administration. After 1 
year, a fall in concentration was measured for 3- 
ketodesogestrel alone. 

3. The absolute concentrations of gestodene and the 
rises within a cycle and over the first three cycles . 
were higher than with 3-ketodesogestrel. 

4. For gestodene, an unequivocal dependence of 
the serum levels on the concentration of SHBG 
was demonstrated. This was not the case for 3- 
ketodesogestrel. 

One objective of the present study was to characterize 
the binding properties on the level of serum proteins 
of numerous synthetic progestins used in oral contra- 
ceptives. Summarizing the results, the following obser- 
vations can be made: compared with levonorgestrel and 
gestodene, 3-ketodesogestrel reveals a relative binding 
activity with regard to SHBG that is one order of mag- 
nitude lower. This finding tends to corroborate the re- 
sults of other authors.” Furthermore, marked dif- 
ferences in the binding kinetics between these synthetic 


progestogens are striking. Gestodene and levonorges- 


trel both form long-lived steroid protein complexes 
with SHBG, whereas the SHBG complexes formed with 
3-ketodesogestrel are characterized by a short half-life. 

If the results of Kuhl and associates,” with regard 
to higher gestodene blood levels with half the dosage 
when compared with 3-ketodesogestrel, are evaluated 
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in the light of this data, it can be observed that the 
results presented (in combination with the observation 
of the elevation of SHBG blood levels under oral con- 
traceptives containing gestodene or desogestrel made 
by numerous authors”:****) are sufficient to explain this 
phenomenon of the increase of gestodene over the ad- 
ministration cycles by higher affinity of binding to 
steroid-binding serum proteins as well as formation 
of stable gestodene-SHBG complexes. Any other 
explanation—for example, the delayed enzymatic in- 
activation of gestodene by the inhibitory effect of this 
steroid on the microsomal P,so enzyme system of the 
liver postulated for example by Kuhl—is speculative 
and must first be validated by unequivocal experimen- 
tal data. 
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Pharmacokinetics and pharmacodynamics of oral contraceptive 


steroids: Factors influencing steroid metabolism 


Claudia Jung-Hoffmann, MD, and Prof. Dr. Herbert Kuhl, PhD 


Frankfurt am Main, Federal Republic of Germany 


The time-dependent alterations in the serum concentrations of ethinyl estradiol, gestodene, and 
3-keto-desogestrel during treatment with 30 ug of ethinyl estradiol + 75 pg of gestodene or 30 yg of 
ethinyl estradiol + 150 ug of desogestrel were investigated during 12 months. The levels of gestodene 
and 3-keto-desogestrel increased between days 1 and 21 of each cycle, reaching maximal levels during 
the third and sixth cycles. The serum concentrations of gestodene were fourfold to fivefold higher than 
those of 3-keto-desogestrel. The ethinyl estradiol levels increased significantly between days 1 and 10 
during each cycle and were significantly higher by 70% during intake of ethinyl estradiol/gestodene 
compared with ethinyl estradiol/desogestrel, although the dose was identical. Intake of gestodene, in 
addition to 35 wg of ethinyl estradiol + 2 mg of cyproterone acetate, caused a rise in ethinyl estradiol 
levels. During treatment with ethinyl estradiol/gestodene and an additional 150 ug of levonorgestrel, there 
was a continuous increase in gestodene levels, although sex hormone—binding globulin level did not 
change. During treatment with 30 or 35 ug of ethinyl estradiol and 75 ug of gestodene, 150 ug of 
desogestrel, or 2 mg of cyproterone acetate, there were large intraindividual and interindividual variations 
in the steroid levels and ratios of estrogen: progestogen levels. There was no correlation with the 
occurrence of intermenstrual bleedings. It is concluded that ethinyl estradiol and nortestosterone 
derivatives may inhibit steroid-metabolizing enzymes in the liver, which results in a rise in the serum levels 
of contraceptive steroids. The cause of the large intraindividual variations is as yet unknown, but it is 
probably from changes in steroid metabolism. (Am J Osstet GynecoL 1990;163:21 83-97.) 


Key words: Pharmacokinetics of contraceptive steroids, ethinyl estradiol, gestodene, 3-keto- 


desogestrel 


Drug monitoring is considered as an approach to 
minimize adverse reactions and side effects by individ- 
ual adjustment of the dose. Although the susceptibility 
of women to a given serum level may vary, the average 
biologic effects are assumed to be related to the serum 
concentration rather than to the dose ingested. 

Because the pill must suppress ovulation reliably in 
all women, it is overdosed in many women. Even 
though contraceptive steroids have a large therapeutic 
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margin, they may cause severe adverse effects. There 
are reports on elevated serum concentrations of ethinyl 
estradiol in women who developed hypertension dur- 
ing treatment with the pill.':? Little information is avail- 
able on correlations between contraceptive steroid lev- 
els and metabolic parameters, A significant inverse cor- 
relation has been observed between the serum levels of 
medroxyprogesterone acetate and high-density lipo- 
protein cholesterol.* No relationship was found be- 
tween the serum levels of ethinyl estradiol or norgestrel 
and plasma Xa inhibitory activities.* Because of the 
large interindividual and intraindividual variations of 
the steroid concentrations, even after intravenous and 
vaginal application,®’ it will be difficult to recognize 
such correlations when only single blood samples were 
taken. Moreover, many of the metabolic parameters are 
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Fig. 1. Serum levels of 3-keto-desogestrel and gestodene orn 
days 1 and 21 of the third cycle of treatment with 30 wg of 
ethinyl estradiol + 150 ug desogestrel or 30 pg of ethinyl 
estradiol + 75 wg of gestodene. 


influenced by the estrogenic and progestogenic com- 
ponents in an antagonistic manner and may change 
with time of treatment. The alterations in hepatic me- 
tabolism during and after treatment with oral contra- 
ceptives take place with a lag time of several days or 
weeks. Therefore metabolic serum parameters may re- 
flect an integral effect of average steroid levels rather 
than day-to-day variations. The measurement of ster- 
oid levels in single blood samples and even the deter- 
mination of the concentration versus time curves on 
a single day represent more or less a snapshot that 
may differ from the long-term status of an individual 
woman. 

In the present studies the individual serum concen- 
trations of ethinyl estradiol and different progestogens 
during treatment with low-dose oral contraceptives 
were measured during the first 4 hours after intake of 
the pill.and 24 hours after that on several days. 


Material and methods 


Study 1. Twenty-two normal healthy volunteers with 
regular menstrual cycles, between 18 and 35 years 
old, participated in the study. Informed consent was 
‘obtained. The women had not used hormonal con- 
traceptives for at least 3 months before the study and 
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Fig. 2. Areas under the time versus serum concentration 
curves between 0 and 4 hours of 3-ketodesogestrel and ges- 
todene during treatment with 30 wg of ethinyl estradiol + 150 


_pg of desogestrel or 30 wg of ethinyl estradiol + 75 ug of 
gestodene. 


were not under pharmacologic therapy. An internal 
and gynecologic examination, including a Papanicolaou 


. smear, was carried out before the selection of the sub- 


jects. During a control cycle, ovulation was confirmed 
to have probably taken place by the determination of 
serum progesterone (>3 ng/ml). 

Two groups of 11 women each were randomly as- 
signed to take a combination of 30 ug of ethinyl estra- 
diol and 75 wg of gestodene (Femovan, Schering AG, 
Berlin) or a combination of 30 pg of ethinyl estradiol 
and 150 pg of desogestrel (Marvelon, Organon GmbH, 
Oberschleissheim) during a 12-month period. Blood 
samples during fasting were obtained between 8:00 and 
10:00 AM on days 1, 10, and 21 of the first, third, sixth, 
and twelfth treatment cycles immediately before and 
0.5, 1, 1.5, 2, 3, 4, and 24 hours after ingestion of a 
tablet. After centrifugation, the serum was stored at 
— 20° C until analysis. 

Study 2. Twelve normal healthy volunteers with reg- 
ular menstrual cycles, between the ages of 25 and 43 
years, participated in the study. Informed consent was 


' obtained. Except for volunteer No. 9 who took 150 pg 


of thyroxine daily, the women were not under phar- 


- macologic therapy. An internal and gynecologic ex- 


amination was carried out before the start of the study. 
The women were treated with a combination of 35 pg 
of ethinyl estradiol and 2 mg of cyproterone acetate 
(Diane 35, Schering AG, Berlin). 
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Fig. 3. Individual areas under the time versus serum concentration curves of 3-keto-desogestrel in 
1] volunteers during 12 months of treatment with 30 wg of ethinyl estradiol + 150 pg of desogestrel 


(hatched columns: Mean + SD). 


Blood samples during fasting were taken between 
8:00 and 10:00 am on days 1, 10, and 21 of one cycle 
immediately before and 0.5, 1, 1.5, 2, 3, 4, and 24 hours 
after ingestion of a tablet. After centrifugation, the se- 
rum was stored at — 20° C until analysis. 

Study 3. One woman (one ‘of the authors) ingested 
a combination of 35 wg of ethinyl estradiol and 2 mg 
of cyproterone acetate for 26 days. In addition, she 
took 150 wg of gestodene on days 6, 13, and 20, and 
75 ug of gestodene on days 7, 8, 14, 15, 21, and 22. 
Blood samples during fasting were obtained between 
8:00 and 10:00 am on days 1, 5, 8, 12, 15, 19, 22, and 
26 immediately before and 0.5, 1, 1.5, 2, 3, 4, and 24 
hours after intake of the tablets. After centrifugation, 
the serum was stored at — 20° C until analysis. 

Study 4. The same woman switched from treatment 
with a combination of 35 wg of ethinyl estradiol and 
2 mg of cyproterone acetate after a pill-free week to a 
combination of 30 wg of ethinyl estradiol and 75 pg of 
gestodene for one cycle, taking an additional 150 ug 
of levonorgestrel daily. After a hormone-free interval 
of 7 days, she took 30 wg of ethinyl estradiol and 75 
weg of gestodene for one cycle. Thereafter, she ingested 
150 pg of levonorgestrel daily during the interval of 7 
days, and after that she started one cycle of treatment 
with 30 wg of ethinyl estradiol and 75 ug of gestodene 
and an additional 150 ùg of levonorgestrel. Blood sam- 
ples during fasting were taken between 8:00 and 10:00 
AM on days 1, 10, and 21 of the cycle immediately before 
and 0.5, 1, 1.5, 2, 3, 4, and 24 hours after intake of a 


tablet. After centrifugation, the serum was stored at 
— 20° C until analysis. 

Laboratory methods. The serum concentrations of 
ethinyl estradiol were measured in duplicate by means 
of radioimmunoassay after extraction of 1 ml of serum 
with diethylether. The method has been described else- 

-= where in detail. The serum concentrations of 3-keto- 
desogestrel, which is the biologically active metabolite 
of desogestrel, were determined in duplicate by means 
of radioimmunoassay after chromatographic fraction- 
ation. The method has been described elsewhere in 
detail.” The serum concentrations of gestodene were 
measured in duplicate by means of radioimmunoas- 
say after extraction of 0.1 ml of serum with diethy- 
lether. The method has been described elsewhere in 
detail.'® 

Serum concentrations of sex hormone—binding glob- 
ulin (SHBG) were determined by means of a “liquid 
phase” immunoradiometric assay kit (Farmos Diag- 
nostica, Oulunsalo, Finland). 

Statistical analysis. The areas under the serum con- 
centration versus time curves between 0 and 24 hours 
were calculated by the trapezoidal rule. Data were sta- 
tistically analyzed by multivariate analysis of variance 
(repeated measurements design) or by the Student 
paired / test. 


Results 


During each cycle of treatment with ethinyl estra- 
diol/desogestrel or ethinyl estradiol/gestodene, the 
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Fig. 4. Individual areas under the time versus serum concentration curves. of gestodene in 1] 
volunteers during 12 months of treatment with 30 ug of ethinyl estradiol + 75 ug of gestodene 


(hatched columns: Mean + SD). 


serum concentrations of 3-keto-desogestrel and ges- 
todene increased significantly from day 1, reaching 
maximal levels between days 10 and 21. During the 
third and sixth cycles, progestogen levels were signifi- 
cantly higher than during the first cycle (Fig. 1). There- 
after no further increase was observed. The 3-keto- 
desogestrel levels during the twelfth cycle were even 
significantly lower than before.” When the areas un- 
der the curves (AUCs) between 0 and 4 hours (Fig. 2), 
as well as between 0 and 24 hours were compared, it 
was conspicuous that the levels of gestodene were four- 
fold to fivefold those of 3-keto-desogestrel, although 
the dose of gestodene was only half of that of deso- 
gestrel.® '° 


There were large intraindividual and interindividual 


variations both in the 3-keto-desogestrel and gestodene 
levels as demonstrated in the AUCs between 0 and 24 
hours measured on days 1, 10, and 21 of the first, third, 
sixth, and twelfth cycles in all volunteers taking ethinyl 
estradiol/desogestrel (Fig. 3) or ethinyl estradiol/ges- 
todene (Fig. 4). The average intraindividual and in- 
terindividual coefficients of variation were in the range 
between 30% and 70%, but were less pronounced in 
most women when the increases in steroid levels during 
each cycle were regarded as a rule. Some women 
showed permanently low 3-keto-desogestrel or gesto- 
dene levels, whereas others remained at relatively high 


progestogen concentrations throughout the 12 treat- 
ment cycles (Figs. 3 and 4). 

When the serum concentrations of ethinyl estradiol 
were determined, the results were quite surprising. Al- 
though the ethinyl estradiol dose of 30 pg was iden- 
tical in both preparations, ethinyl estradiol levels were 
significantly higher during intake of the gestodene- 
containing pill (Figs. 5 and 6). The calculation of the 
AUCs between 0 and 4 hours revealed a difference of 
37% and between 0 and 24 hours 70% on average.® 
There was a close correlation between the AUCs 0 to 
4 hours and the AUCs 0 to 24 hours. It is also re- 
markable that after intake of ethinyl estradiol/gesto- 
dene, the ethinyl estradiol peaks occurred 30 minutes 
to 1 hour later than with ethinyl estradiol/desogestrel. 
During each cycle of treatment with both preparations, 
there was a significant rise in ethinyl estradiol levels 
between days 1 and 10 that remained thereafter at this 
level, indicating that a steady state was reached between 
days | and 10 (Figs. 7 and 8; hatched columns). In con- 
trast to the progestogen concentrations, there was no 
difference between the ethinyl estradiol levels of the 
first and those of subsequent cycles. Similar to the pro- 
gestogen levels, there were large intraindividual and 
interindividual variations in the ethinyl estradiol con- 
centrations. In some women, however, we found low 
estrogen levels on each of the 12 days investigated, 
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Fig. 7. Individual areas under the time versus serum concentration curves of ethinyl estradicl in 11 
volunteers during 12 months of treatment with 30 ug of ethinyl estradiol + 150 pg of desogestrel 


(hatched columns: Mean + SD). 


whereas some other volunteers showed permanently 
high concentrations. When the individual ratios be- 
tween the serum concentrations of ethinyl estradiol 
and 3-keto-desogestrel or gestodene were calculated, 
large intraindividual and interindividual variations 
were found (Figs. 9 and 10). As represented by the 
hatched columns, the average values show that in 
each cycle there was a gradual decrease in the estro- 
gen/progestogen ratio between the first and last day of 
treatment. 

Because large intraindividual variations may render 
it difficult to find a relationship between the serum 
levels of contraceptive steroids and intermenstrual 
bleedings or metabolic serum parameters, the average 
AUCs of ethinyl estradiol, the progestogens, and the 
ratios between both were calculated for each individual 
volunteer on the basis of the 12 days of measurement 
(Figs. 11 and 12). In both treatment groups there were 
considerable differences in the average values between 
the 22 volunteers. As demonstrated by the variances in 
the ratio between ethinyl estradiol and the progesto- 
gens, high or low estrogen levels were not always ac- 
companied by corresponding high or low progestogen 
concentrations, There was also no correlation between 


body weight and the AUCs of the contraceptive steroids 
or the ratios. 

When the pharmacokinetics of ethinyl estradiol were 
investigated during one cycle of treatment with 35 pg 
of ethinyl estradiol and 2 mg of cyproterone acetate, 
very large interindividual variations were also found. 

One woman had extremely low ethinyl estradiol lev- 
els and another woman had very high estrogen con- 
centrations (F ig. 13). There was a significant (p < 0.01) 
increase in estrogen levels between days 1 and 10 (Fig. 
14) similar to treatment with ethinyl estradiol/deso- 
gestrel and ethinyl estradiol’ gestodene. 

The results of the single woman who took a combi- 
nation of 35 wg of ethinyl estradiol and 2 mg of cy- 
proterone acetate and additional gestodene on various 
days are shown in Fig. 15. There was a pronounced 
increase in the serum levels of ethiny: estradiol between 
days l and 5 when a steady state appeared to be reached 
with the preparation alone. The additional intake of 
gestodene resulted in a further rise in estrogen levels, 
whereas on those days without gestodene, the ethinyl 


-estradiol concentrations were lower. To investigate the 


role of rising SHBG levels in the elevation of the serum 
concentration of gestodene between days 1 and 21 of 


Volume 163 
Number 6, Part 2 


Pharmacokinetics of contraceptive steroids 2189 


30 ug EE + 75 pg Gestodene 


EE EE 
AUC34 AUC 04 
pg-h.mt-! pg-hemi-t 
1500 OF 1500 
1000 1000 
500 500 
1021 11021 11021 1 1027 gay T1024 
1500 © 1500 
1000 1000 
500 500 


1500 1500 


1000 1000 


500 500 


daa 
2000 | | | 2000 
1 3 6 12 


Cycle 


© 


2000 2000 (3) 
1500 1500 
1000 1000 
§00 §00 
1 3 6 12 


EE 

AUC o4 
pg:h-mi-t 
1500 © 
1000 


500 


11021 t02 day t 1021 +102 p02 11021 day 


© 


1500 
1900 


500 









500 


ANN DnS 





SAAS 
NANNAN 
RRR 


SASS 


1 3 6 12 


Cycle Cycle 


Fig. 8. Individual areas under the time versus serum concentration curves of ethinyl estradiol in 11 
volunteers during 12 months of treatment with 30 wg of ethinyl estradiol + 75 wg of gestodene 


(hatched columns: Mean + SD). 


treatment with ethinyl estradiol/gestodene, additional 
levonorgestrel was taken, which is known to reduce 
SHBG serum levels because of its androgenic effec- 
tiveness. Based on the preceding intake of 35 yg of 
ethinyl estradiol and 2 mg of cyproterone acetate, 
SHBG levels were high even after the pill-free interval 
of 7 days. During treatment with 30 weg of ethinyl es- 
tradiol and 75 ug of gestodene and 150 ug of levo- 
norgestrel daily, the initially high SHBG levels de- 
creased by 50% until day 21 (Fig. 16). Nevertheless, 
gestodene concentrations increased by 35%. When ethi- 
nyl estradiol/ gestodene was taken alone during the fol- 
lowing cycle, the SHBG level increased by 50% between 
days 1 and 21, whereas the gestodene level rose by more 
than 300%. During the next pill-free interval of 7 days, 
she ingested 150 wg of levonorgestrel daily to reduce 
SHBG level. When she started to again take ethinyl 
estradiol/gestodene plus 150 ug of levonorgestrel, the 
gestodene concentrations increased by 100%, whereas 
SHBG levels rose only slightly until the end of the cycle. 


Comment 


The present study is the first that investigated in 
detail the pharmacokinetics of oral contraceptive ster- 
oids during a longer time period. The results confirm 
previous findings of large intraindividual and interin- 
dividual variations in the serum levels of ethinyl estra- 
diol and the progestogens. Moreover, there was not 
only a continuous increase in 3-keto-desogestrel and 
gestodene levels during multiple intake, which reached 
a steady state between days 10.and 21, but.also a sig- 
nificant rise in ethinyl estradiol concentrations between 
days 1 and 10. Although maximal progestogen con- 
centrations were reached during the third.and sixth 
cycles,® '° there was no difference in estrogen levels 
between the first and subsequent treatment cycles.® Al- 
though the estrogen dose was identical, the observation 
of significantly higher ethinyl estradiol concentrations 
during intake of the gestodene-containing pill com- 
pared with the combination of ethinyl estradiol with 
desogestrel indicates an influence of the progestogen 
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Fig. 9. Individual ratios between the areas under the time versus serum concentration curves of 
ethinyl estradiol and 3-keto-desogestrel in 11 volunteers during 12 months of treatment with 30 pg 
of ethinyl estradiol + 150 ug of desogestrel (hatched columns: Mean + SD). 
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Fig. 10. Individual ratios between the areas under the time versus serum concentration curves of 
ethinyl estradiol and gestodene in 11 volunteers during 12 months of treatment with 30 ug of ethinyl 


estradiol + 75 ug of gestodene (hatched columns: Mean + SD). 
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Fig. 11. Average individual areas under the time versus serum 
concentration curves of 3-keto-desogestrel, ethinyl estradiol, 
and the ratios between both in 1] volunteers during 12 months 
of treatment with 30 pg of ethinyl estradiol + 150 ug of des- 
ogestrel (mean of 12 measurements + SD). 


component on the pharmacokinetics of ethinyl estra- 
diol. To date interactions between sex steroids have 
been known only in regard to the stimulation of serum 
protein-binding capacity by ethinyl estradiol of nortes- 
tosterone derivatives. 

Pharmacokinetics of progestogens. The striking dif- 
ference in the height of the serum concentrations of 
gestodene and 3-keto-desogestrel was suggested to be 
exclusively the consequence of the strong binding af- 
finity of gestodene to SHBG, whereas that of 3-keto- 
desogestrel is much less. Actually, the correlation be- 
tween SHBG and gestodene was close and that between 
SHBG and 3-keto-desogestrel was less close.* '° How- 
ever, correlation does not mean causal relationship. 
The relative binding affinities to SHBG compared with 
levonorgestrel were 80% for gestodene and 10% for 3- 
keto-desogestrel,'' whereas Bergink et al.’* found 32% 
of the binding affinity of levonorgestrel for 3-keto- 
desogestrel. However, the physiologic significance of 
binding experiments with dialysis is questionable; it had 
been demonstrated that, for instance, a low dialyzable 
percentage of 6% for estradiol does not correlate with 
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Fig. 12. Average individual areas under the time versus serum 
concentration curves of gestodene, ethinyl estradiol, and the 
ratios between both tn 11 volunteers during 12 months of 
treatment with 30 pg of ethinyl estradiol + 75 we of gestodene 
(mean of 12 measurements + SD). 


the high influx of estradiol into the liver (90%), brain 
(72%), and uterus (38%) during perfusion experi- 
ments.’* Binding to albumin has nearly no influence on 
the biologic effectiveness as exemplified with testoster- 
one." The short half-life of testosterone despite its high 
binding affinity to SHBG, which is threefold that of 
levonorgestrel, indicates that hepatic metabolism 1s in 
all probability the main determinant of the bioavail- 
ability of synthetic sex steroids. If the metabolic capacity 
of hepatic cytochrome P-450—dependent enzymes is 
the rate-limiting factor, the concentration of free ster- 
oid in plasma will be the same as within the hepato- 
cytes,” and a slow-down of hepatic inactivation will re- 
sult in an accumulation of the total steroid level in 
plasma. A rise in total gestodene concentration implies 
a corresponding increase in free gestodene levels. The 
calculation of biologically effective gestodene and 3- 
keto-desogestrel plasma levels on the basis of the AUCs 
of the present study and the percentage of non-SHBG- 
bound gestodene (24%) and 3-keto-desogestrel (68%) '® 
revealed that, for example, on day 21 of the third cycle, 
the non-SHBG-bound amount of gestodene is more 
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Fig. 14. Areas under the time versus serum concentration 
curves between 0 and 24 hours of ethinyl estradiol during 
treatment of 12 women with 35 pg of ethinyl estradiol + 
2 mg of cyproterone acetate (CPA) for one cycle (mean + SD). 


than twice that of 3-keto-desogestrel (56.6 vs 26.0 ng - 
hr/ml). With regard to the role of binding of sex ster- 
oids to SHBG as a neutralizing factor of biologic ef- 
fectiveness, recent data throw some doubt on this hy- 
pothesis and show that binding to SHBG might be im- 
portant for an active process of uptake of steroids by 
target organs.'™ '® 

There are as yet no data on the inactivation rate of 
the modern progestogens by hepatic enzymes. The sig- 
nificant correlation between the serum concentrations 
of SHBG and levonorgestrel indicates a pronounced 
influence of protein binding on metabolic clearance 
of levonorgestrel.'**’ On the other hand, two women 
had no or a negative correlation between SHBG and 


levonorgestrel levels.® In another study there was a 
continuous increase in levonorgestrel plasma levels 
throughout a cycle of treatment with 30 we of ethinyl 
estradiol and 150 wg of levonorgestrel, although SHBG 
levels remained unchanged.” The authors stated that 
the rise in levonorgestrel levels cannot be explained by 
increased binding to SHBG, butit is more likely because 
of changes in levonorgestrel metabolism. The present 
results of the time course of SHBG and gestodene dur- 
ing intake of the gestodene-containing pill with or with- 
out additional levonorgestrel indicate a strong influ- 
ence of SHBG binding on gestodene levels, but also the 
effect of another factor, which is possibly the inhibition 
of gestodene metabolism. 

In a recent study Brody et al.” reported on signifi- 
cantly higher norethisterone levels during intake of 50 
wg of mestranol and 1 mg of norethisterone compared 
with 35 wg of ethinyl estradiol and 1 mg of norethis- 
terone, whereas the levels of ethiny! estradiol did not 
differ. The authors discussed a possible effect of the 
different estrogens on norethisterone metabolism. It is 
remarkable that the demethylation of mestranol, which 
leads to ethinyl estradiol, is catalyzed by cytochrome 
P-450—dependent enzymes, which also metabolize var- 
ious steroids and drugs. 

Pharmacokinetics of ethinyl estradiol. The signif- 
cant increase in the levels of ethinyl estradiol, reaching 
a steady state between days 1 and 10, which can be 
observed during treatment with different preparations, 
cannot be the result of a rise in protein binding in 
serum. Ethinyl estradiol is nearly exclusively bound by 
albumin, the concentration of which is not influenced 
by oral contraceptives. It is not probable that an ac- 
cumulation of ethinvl estradiol sulfate in the blood, 
which resulted in an elevated enterohepatic recircula- 
tion, may be involved, because the sulfates of ethinyl 
estradiol have been demonstrated not to be slow-release 
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Fig. 15. Areas under the time versus serum concentration curves between 0 and 24 hours of ethinyl 
estradiol in one woman during treatment with 35 ug of ethinyl estradiol + 2 mg of cyproterone 
acetate (CPA) for 26 days with or without additional gestodene. 


reservoirs.”! The increase in the ethinyl estradiol level 
and the parallel prolongation of the half-lives of ethinyl 
estradiol and theophyllin during long-term treatment 
with an oral contraceptive indicate an inhibition of he- 
patic metabolism of the steroid and the drug, both of 
which are inactivated by cytochrome P-450~—dependent 
enzymes.” There is a series of drugs, the half-lives of 
which are increased, and metabolic clearance is de- 
creased during treatment with oral contraceptives.” 
The results of Guengerich”’ indicate that ethinyl estra- 
diol and some progestogens containing an ethinyl 
group are capable of inhibiting the 2-hydroxylation of 
ethinyl estradiol. An increase in ethinyl estradiol levels 
during a cycle of treatment with preparations contain- 
ing 30 or 50 pg of ethinyl estradiol has also been ob- 
served.” During multiple intake of daily 30 or 50 pg 
without progestogens, there was a continuous increase 
in ethinyl estradiol concentration, which reached a 
steady state after 7 days with the higher dose and after 
12 or more days with 30 wg.” 

It is improbable that the difference in ethinyl estra- 
diol levels during intake of ethinyl estradiol/desogestrel 
and ethinyl estradiol/gestodene is because of galenic 
diversities. The pharmacokinetic parameters of iden- 
tically composed oral contraceptives of different pro- 
ducers were identical. = The higher ethinyl es- 
tradiol levels during treatment with the gestodene- 
containing pill can be explained with an inhibitory 
influence of gestodene that is circulating in very high 
concentrations on 2-hydroxylation of ethinyl estradiol. 
This progestogen has been shown by Guengerich”’ to 
be an extreme inhibitor of this metabolic reaction in 
human liver microsomes. It should be kept in mind 
that during the first liver passage, the serum concen- 


trations of steroids after oral intake are several times 
higher than those measured peripherally.” 
during the first passage through the liver, local gesto- 
dene concentrations of >100 ng/ml might be reached 
in the sinusoids, a part of which may penetrate into the 
hepatocytes and interact with metabolic enzymes. Con- 
cerning the physiologic significance of these steroid 
concentrations, which are much lower than those used 
in vitro,” it is interesting that the endocrine and clinical 
effects of a new potent aromatase inhibitor, 4-hydroxy- 
androstenedione, are maintained with relatively low 
serum levels of 7.8 + 
injection of a microcrystalline suspension.“ The 4- 
hydroxy-androstenedione acts as a suicide inhibitor, 
destroying the cytochrome P-450—dependent aroma- 


Therefore 


1.1] ng/ml after intramuscular 


tase irreversibly.” 

The supposition can be made that both ethinyl es- 
tradiol and nortestosterone derivatives contribute to 
the inhibition of their metabolism, as well as that of 
those drugs that are metabolized by cytochrome P-450— 
dependent enzymes. Regarding the effectiveness of 
progestogens alone, a decrease in the metabolic clear- 
ance rate of aminopyrine by 25% to 35% has been 
reported in women treated with 0.35 mg of norethis- 
terone daily. The mechanism of the interaction of 
steroids with cytochrome P-450 enzymes is only partly 
known. The principal metabolite of ethinyl estradiol, 
2-hydroxy-ethinyl estradiol, is further transformed into 
a highly reactive compound that can irreversibly bind 
to microsomal protein.** *? The oxidation of the ethinyl 
group by cytochrome P-450 enzymes leads to very re- 
active intermediates that can covalently bind to proteins 
or react with the prosthetic heme group, resulting in 
an inactivation of the enzyme. “° During the latter 
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Fig. 16. Areas under the time versus serum concentration 
curves between 0 and 24 hours of gestodene and serum con- 
centrations of sex hormone—binding globulin during one cycle 
of treatment with 30 ug of ethinyl estradiol + 75 wg of ges- 
todene + 150 wg of levonorgestrel, during one cycle of treat- 
ment with 30 pg of ethinyl estradiol + 75 pg of gestodene 
and during one cycle of treatment with 30 yg of ethinyl es- 
tradiol + 75 ug of gestodene + 150 pg of levonorgestrel after 
pretreatment with 150 wg levonorgestrel for 7 days in one 
woman. GSD, Gestodene; LNG, levonorgestrel. 


reaction, which is called mechanism-based inactivation 
or suicide inhibition of cytochrome P-450—dependent 
mixed function oxidases, alkylated porphyrins are 
formed. * An increase in urinary excretion of por- 
phyrins has been observed in women during treatment 
with oral contraceptives.” The reactive intermediate 
after oxidation of the ethinyl group can also react with 
itself, forming a D-homo-steroid by dilatation of the 5- 
ring D to a 6-ring. Such metabolites of ethinyl estradiol 
(D-homo-estradiol) and gestodene have been isolated 
from urine. Moreover, a high rate of irreversible pro- 
tein binding of gestodene (= A15-d-norgestrel) in the 
microsomes of rat liver has been previously reported.” 

Further possible interactions of oral contraceptive 
steroids with metabolizing enzymes include conjuga- 
tion of ethinyl estradiol, since estrogen glucuronida- 
tion by liver microsomes has been found to be inhib- 
ited by ethinyl estradiol.” It is known that a major 
part of ethinyl estradiol, taken orally, is metabolized in 
the intestinum. Therefore it remains to be elucidated 
whether an inhibition of intestinal enzymes by contra- 
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ceptive steroids may play a role. Because it has been 
demonstrated that progesterone or certain of its me- 
tabolites may decrease oxidative drug metabolism,” the 
possible interaction of progesterone derivatives with 
these enzymes must be the subject of further investi- 
gations. 

Intraindividual and interindividual variations. The 
large intraindividual and interindividual variations in 
the serum concentrations of ethinyl estradiol during 
treatment with ethinyl estradiol/desogestrel and ethi- 
nyl estradiol/gestodene are in agreement with previ- 
ously reported results of the pharmacokinetic studies 
on oral contraceptives.” ® 31173 The reasons for the 
variability have not as yet been clarified. Multicenter 
studies demonstrated large variations in the pharma- 
cokinetics of ethinyl estradiol in different countries, but 
also within the same locality, which indicates that ethnic 
factors probably play no major role.*”*' After adjust- 
ment for race, age, weight, height, blood pressure, cig- 
arette and alcohol consumption, or life-time use of oral 
contraceptives, 72% of the variability in the ethinyl es- 
tradiol levels remained unexplainable.* Similar to our 
findings, no influence of body weight could be ob- 
served.** Contrary to this, a genetic or acquired pre- 
disposition seems to have an important influence, since 
during 12 cycles of treatment with ethinyl estra- 
diol/ desogestrel or ethinyl estradiol, gestodene, most of 
the women showed a relatively stable pattern. However, 
the large intraindividual variations which were in the 
same range as the interindividual differences, indicate 
an important influence of thus far unknown short- 
lasting factors. In all probability, alterations in the met- 
abolic capacity of the intestinum and liver from day to 
day appear to be causative, since large variations in the 
half-life of ethinyl estradiol between 2 and more than 
30 hours and in the elimination rate constant between 
0.02 and 0.25 have been reported." 33! It has been 
suggested that the pronounced variability is typical for 
drugs with a first-pass effect. Ethinyl estradiol is already 
conjugated to a considerable extent in the intestinal 
mucosa and the liver.” Contrary to this, levonorgestrel, 
3-keto-desogestrel, and gestodene are not subject to a 
first-pass effect. Nevertheless, the average intraindivid- 
ual and interindividual coefficients of variation of 3- 
keto-desogestrel and gestodene were in the same range 
as those of ethinyl estradiol. Similar results have been 
reported on norethisterone and levonorgestrel.” 1953.31 
Because of an enhanced enterohepatic circulation, ethi- 
nyl estradiol levels may rise secondarily between 5 and 
12 hours after food intake.* On the other hand, pro- 
gestogens undergo nearly no enterohepatic circulation 
because their main metabolic steps are reduction or 
hydroxylation, which results in a loss of hormonal ac- 
tivity. Moreover, in our study the women fasted over- 
night. There was no correlation between serum con- 
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centrations of ethinyl estradiol and those of gestodene 
or 3-keto-desogestrel. Therefore the coefficient of the 
ratios between ethinyl estradiol and 3-keto-desogestrel 
or ethinyl estradiol and gestodene exceeded those of 
AUGs of the steroids. No correlation between ethinyl 
estradiol and the respective progestogens has previ- 
ously been observed during treatment with oral con- 
traceptives.** °° 

Environmental factors, such as diet, smoking, and 
stress, influence oxidative metabolism in humans and 
animals. Ghange in posture from lying to standing up- 
right may alter metabolic clearance of androstenedi- 
one." The serum level of progesterone is decreased by 
34%, and metabolic clearance is increased within 1 hour 
after a meal, possibly because of enhanced splanchnic 
blood flow.” A high-protein diet leads to an increase 
in antipyrine oxidation and to an enhancement of 2- 
hydroxylation of estrogen.” °° Contrary to this, a high- 
protein diet decreases A4-5a-reduction of testoster- 
one.© In male chimpanzees, a high-fat diet reduces 
2-hydroxylation of estradiol by 50%." An increase in 
2-hydroxylation of estradiol was induced by weight 
loss.” 

Physical stress diminishes the metabolic clearance 
rate of estradiol by 80% within a few minutes, which 
can be explained only partly by a decrease in he- 
patic blood flow. In male rats the metabolism of 
drugs and steroids is reduced 48 hours after stress, 
whereby somatotropic hormone and adrenocortico- 
tropic hormone but not adrenal hormones play an es- 
sential rolet% It is unknown whether the pituitary 
gland is directly involved in the control of hepatic ster- 
oid metabolism in humans. 

Pharmacodynamics. During the 12 months of treat- 
ment with ethinyl estradiol/desogestrel and ethinyl es- 
tradiol/gestodene, no significant difference was found 
in most of the metabolic serum parameters. ” This 
can be explained by the antagonistic effect of the es- 
trogen and progestogen components on lipids, lipo- 
proteins, and most of the hepatic proteins. The effect 
of higher ethinyl estradiol levels during treatment with 
ethinyl estradiol/ gestodene may be counteracted by a 
more pronounced action of the high gestodene lev- 
els, resulting in a similar net effect such as dur- 
ing intake of ethinyl estradiol/desogestrel. It has been 
demonstrated that oral contraceptives containing 30 wg 
ethinyl estradiol and 150 ug of levonorgestrel or 50 pg 
of ethinyl estradiol and 250 pg of levonorgestrel 
produced qualitatively and quantitatively similar ef- 
fects on lipid metabolism, ceruloplasmin, and anti- 
thrombin III. The only differences found in our 
study were significantly higher serum concentrations 
of corticosteroid-binding globulin and cortisol® and 
a more pronounced increase in triglyceride levels” 
during treatment with the gestodene-containing pill. 
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Corticosteroid-binding globulin is influenced only by 
the estrogen component and not by progestogens. 
Moreover, the effects of potent sex steroids are not far 
from the dose-dependent end-point, and the duration 
of treatment appears to be more important for the 
resulting effect on serum parameters than the differ- 
ences in steroid serum levels. Although steroid levels 
show large intraindividual variability, the hepatic pa- 
rameters reflect an integral effect of the steroids over 
time. This was confirmed in our study by the differ- 
ences in the corticosteroid-binding globulin and corti- 
sol levels, which became more pronounced during the 
sixth and twelfth cycles.’ 

In a recent paper the influence of the slope of serum 
levels of ethinyl estradiol and norethisterone calculated 
from single determinations before and 1 hour after 
intake of the last tablet of the third, sixth, and ninth 
treatment cycles on changes in outlier status for lipids 
and lipoproteins has been observed.® However, the au- 
thors did not report on a correlation between steroid 
levels or slopes and the parameters of lipid metabolism 
in the total group of volunteers. 

In our study no correlation could be found between 
individual ethinyl estradiol and progestogen levels and 
the occurrence of intermenstrual bleedings. Neither 
women with high ethinyl estradiol and low 3-keto- 
desogestrel or gestodene levels nor women with low 
estrogen and high progestogen levels showed a consis- 
tent bleeding pattern. This was true for the first treat- 
ment cycle and also for the whole treatment period 
when the average of 12 AUCs of ethinyl estradiol and 
gestodene or 3-keto-desogestrel was compared with the 
bleeding pattern of each woman. The cause of irregular ° 
bleedings has not yet been clarified. It is known that 
missing one pill during a treatment cycle results in a 
13- to 16-fold increase in the risk of intermenstrual 
bleeding.” This means that a pronounced deficiency of 
circulating steroids on one day may cause bleeding. A 
similar effect may be produced when relatively high 
levels (e.g., of the progestogen) during the course of a 
cycle are superseded by very low levels on one or more 
days because of the effect of as yet unknown factors 
on pharmacokinetics. Such an effect cannot be sub- 
stantiated by single determinations of steroid levels and 
even not by the investigation of pharmacokinetics on 3 
of 21 days of treatment, but reliable data are needed 
during the whole cycle. 
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Prodrugs: Advantage or disadvantage? 


Jürgen Hammerstein, MD 


Berlin, West Germany 


Our knowledge of the peculiarities of prohormones is rather limited, both pharmacologically and clinically. 
Generalizations cannot be made except that the lapse of time until peak blood values of the active drug 
have been reached are always greater after intake of the prodrug than after intake of the drug. This tinding 
is presumably of no clinical importance. If pharmacokinetic differences are limited to the phase of 
distribution, bioequivalence may be assumed. If, on the other hand, the area under the curve during the 
elimination phase is smaller for the prodrug than for the drug, the potency of the former should be 
decreased. A shift in the spectrum of endocrine actions as a result of the biotransformation of the prodrug 
into the active drug is rather the exception than the rule, and so is a change in side effects. If there are 
major differences in this respect, metabolic pathways in addition to those leading to the respective active 
drug must also be taken into consideration. (AM J OBsTET GYNECOL 1990;163:2198-203.) 
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Hormonal prodrugs (prohormones) exert their spe- 
cific effects only after biotransformation. The devel- 
opment of the first hormonal drugs of this sort dates 
back to the 1950s, when the concept of prodrugs was 
still unknown. Thus, lynestrenol (LYN) appeared at 
that time to be a potent progestogen by itself, despite 
lacking an oxygen in 3-position—a configuration that 
had already been recognized at that time to be a pre- 
requisite of the endocrine activity of a given steroid 
hormone. The prodrug nature of LYN was disclosed 
only years later when this steroid was found to be 
quickly biotransformed into norethisterone before ac- 
tion. The same was found to be true for other members 
of the estrane category, that is, for norethisterone ac- 
etate (NETA) and ethynodiol diacetate (EDD). Among 
the gonanes, desogestrel and norgestimate are pro- 
hormones, and even cyproterone acetate (CPA), a pro- 
gestogen of the pregnane category. may be considered 
a borderline prohormone. 

Mestranol is another example of an old pharmaceu- 
tical compound, the prodrug nature of which was not 
detected before the receptors came into play years later. 
By definition, pure prodrugs like mestranol, LYN, 
EDD, and desogestrel do not interact with the receptor 
at all. There are also incomplete prodrugs such as 
NETA and norgestimate, with receptor binding affin- 
ities being more or less limited (Table I). 

Whether the use of prodrugs instead of drugs is an 
advantage will be discussed under pharmacokinetic, 
quantitative, endocrine, and metabolic aspects. This is- 
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Table I. Relative binding affinities of various 
progestational drugs, prodrugs, 
and intermediates 






Receptor 


(Promegestron 
R 5020 = 100) 










Androgen 


(Metribolon R 








Progesterone 50 6,6 
NET 75 15 
NETA 20 5 
LYN ] 0,7 
EDD l 0 
Norethynodrel 6 0 
Desogestrel 3 0 
3-a-OH-desogestrel 5 0 
3-B-OH-desogestrel 13 3 
3-Ketodesogestrel 150 16 
Norgestrimate 15 — 
Norgestrel-17-B-acetate 135 — 
Norgestrel-3-oxim 10 — 
Levonorgestrel 150 30 


Data from Kuhl H. Wien Med Wschr 1987;137:433-40. 


sue can be properly investigated only if the active drug 
is available for comparison, as for example, norethis- 
terone (NET) or ethinyl estradiol (EF,). Altogether, 
relevant data are sparse, and only occasionally are true 
comparisons done. 

Concerning the estranes, to begin with the oldest 
category of oral progestational compounds, the phar- 
macokinetic data are scattering at a wide range (Table 
II). As the only reproducible pharmacokinetic pecu- 
liarity, time interval to peak (Tma) of NET after oral 
ingestion of 1 mg of NETA, EDD, or LYN occurs about 
an hour later than that after oral intake of NET itself. 
Thus, biotransformation of these prodrugs into NET 
obviously takes at least 1 hour. Furthermore, half life 
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Table II. Pharmacokinetics of norethisterone after oral administration of various estranes (1 mg/dl) 


Drug given NET 
AUC oa, (ng*h/ml) 84 +6 34.9 + 12.4 
Cmax (ng/ml) 15.7 + 1.26 3.2-6.1 
Co, (ng/ml) 0.72 + 0.079 <1.0 
Tax (h) 117 1-2 
Source (reference number) 23 29 


NETA* EDD LYN 


108 172.2 + 52.0 38.6-43.2 64.1 + 46.5t 
14.5 18.3 + 4.8 6.5-7.4 14.6 + 9.9 
0.91 + 0.46 — 0.3 + 0.3 — 
1.22 z 2.21-2.4 2.5 + 1.7 
30 31 32 — 


AUCo.24, Area under curve, 0 to 24 hours; Caa maximal concentration; Cz, concentration after 24 hours; T,.., time to peak 


interval. 
*Fifteenth day of treatment. 
TAUCo.12 


Table III. Progestational potencies relative to norethisterone (= 1) of various progestogens in human 


subjects, depending on the parameters tested 






Progestogen 
Norethisterone l 
Norethisterone acetate 0.5 1.6 
Lynestreno! 
Ethyndioldiacetate 0.5 5 
Levonorgestrel 5 
Medroxyprogesterone acetate l 
Chlormadinone acetate l 


*Data from Swyer GIM. Contraception 1982;26:23-7. 
Data from Greenblatt RB. Med Sci 1967;18:37-49. 
Data from other sources. 

§Data from various sources. 


Delay of menses 












Ovulation 
inhibition 


Giycogen 
debosition 






Transformation 





10 


5 0.35 


Data from Ferin J. In: Taust M, ed. International encyclopedia of pharmacology and therapeutics, vol II. Oxford: Pergamon 


Press, 1972. 


{Data from Neumann F, Elgar W, Nishino Y, Steinbeck H. Arzneimittel-Forschung 1977;27:296-318. 


between 24 and 27 hours after oral intake of 5 mg LYN 
turned out to be definitely longer than after 5 mg NET 
in the five patients tested.’ 

The areas under the plasma curve (AUC) of NET 
after ingestion of 0.3 mg NET and 0.5 mg LYN were 
found to be almost equal. Compatible AUCs were also 
seen after oral intake of 0.7 mg NET and 1.0 mg LYN. 
At a daily dose of 5 mg of either drug, the AUC between 
0 and 24 hours was about 20% higher after NET than 
after LYN.'? Thus, biotransformation of LYN into NET 
does not appear to be complete. 

As long as 120 hours after administration of carbon 
14-labeled LYN, plasma radioactivity is still rather 
high, which again indicates that a minor portion of LYN 
may escape metabolization into NET. Furthermore, be- 
cause a shift occurs of T mx to longer time intervals with 
increasing oral doses of LYN, it is tempting to assume 
that the capacity of the liver to transform LYN into 
NET is limited. In other words, high-dose LYN med- 
ications might constitute a liver burden.° 

After three decades of widespread use of LYN for 
contraceptive as well as gynecologic purposes, evidence 
is still lacking as to whether any clinical impact exists 
in the pharmacokinetic differences between LYN and 
NET. This is in particular true for the somewhat longer 


biologic half-life and the slightly lower AUC after oral 
intake of LYN than after that of NET. Thus, the use 
of LYN instead of NET implicates some uncertainties 
without clear-cut advantages or disadvantages. 

No biologic tests are available to measure with any 
degree of reliability the progestational potency of drugs 
in women. As shown in Table III, results in this field 
are rather controversial. Thus, it cannot be stated which 
is more potent, the prodrugs of NET or the drug itself, 
to say nothing about ranking. The progestational 
strength of EDD, for example varies relatively to NET 
by factor 20, despite the fact that the AUCs have been 
reported to be rather similar.’ 

Norethynodrel is another member of the estrane 
family that needs attention. The unchanged drug can 
be detected in the plasma for only 30 minutes.’ Con- 
version into NET occurs among other sites in the en- 
dometrium and myometrium, with a degree of activity 
being higher during the proliferative than during the 
secretory phase.®’ It is generally believed that this drug 
does not exert its progestational activity before trans- 
formation into NET. In contrast to NET and the other 
estranes, however, this prohormone is free of andro- 
genic activity. Also, it possesses a much stronger estro- 
genic potency than the other estranes, as was demon- 
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Fig. 1. Cortisol-binding capacity of transcortin (TC-BF) as in- 
fluenced by various contraceptive progestogens administered 
successively for 14 days each in eight (seven) women with tota! 
gonadal insufficiency. (From Schwartz U, Hammerstein J. 
Acta Endocrinol 1974;76:159-71. By permission.) 


strated, among other things, on the basis of the mouse 
uterine test. When transcortin binding capacity was 


| used as an indicator of estrogenicity, the same was also 


shown in women: out of five progestogens, norgesti- 
mate was the only one to increase this plasma parameter 
to an extent similar to that of EE, (Fig. 1). Thus, nor- 
gestimate must be biotransformed not only into NET 
but also along other routes, unless one distrusts the 
producer's affirmation that this first orally applicable 
progestogen was free of estrogenic contaminations. 
Ethynodiol, the metabolic intermediate between nor- 
gestimate and NET, should be without relevance in this 
respect because it is also an intermediate of LYN. 
Desogestrel must be biotransformed through 3- 
a-OH-desogestrel and 3-8-OH-desogestrel into 3- 
ketodesogestrel to act as a progestogen at the target 
cell level (Table I). This transformation is a matter of 
approximately half an hour; thereafter, plasma levels 
of 3-ketodesogestrel are almost identical irrespective of 
whether desogestrel or 3-ketodesogestrel has been ad- 
ministered at the same dosage level (Fig. 2). Nothing 
has become known as to whether 3-ketodesogestrel in 
clinical terms is as good a contraceptive progestogen as 
desogestrel and whether it is tolerated equally well. 
Informations are limited concerning norgestimate. 
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No doubt this progestogen of the gonane category Is 
biotransformed into levonorgestrel, to what degree, 
however, is a matter of debate. In particular, it is still 
unknown whether norgestimate itself and/or its trans- 
formation products norgesirel-3-oxim and norgestrel- 
17-B-acetate are also endocrinologically active because 
they bind also to the receptors more or less tightly 
(Table I). 

The field of progestational agents should not be lef: 
without—at least briefly—-mentioning cyproterone ac- 
etate (CPA). CPA may be classified as a borderline pro- 
drug because the major part Is biotransformed into the 
15-B-OH-analogue (15-OH-CPA), which still—like the 
parent substance—exerts progestational as well as an- 
tiandrogenic actions (Fig. 3). To judge from animal 
experiments, the progestational and antiandrogenic 
potencies are balanced much better with 15-OH-CPA 
than with the parent compound, in which the former 
property outweighs the latter considerably.? 15-OH- 
CPA is thus an example of a “drug” that appears to be 
advantageous over the “prodrug.” This track has 
not been followed further by the producer, unfor- 
tunately. 

The vivid debate in the past as to whether mestrano! 
and EE, are equal both in quantitative and qualitative 
respect has faded away in recent years without coming 
to a definite conclusion. Because various drug regula- 
tory authorities felt the two estrogenic drugs were bioe- 
quivalent and the majority of pharmaceutical compa- 
nies believed the opposite to be true, mestranol has nat 
been introduced into low-dose oral contraception. This 
issue, therefore, is only of academic interest today. 

To judge from EE, plasma levels after oral ingestion 
of the two estrogenic drugs, the bioavailability of EE, 
has unanimously been found to be higher than that of 
mestranol. Also, Tina, was distinctly shorter after EE, 
than after mestranol administration. 

According to unpublished data of this meeting, the 
area under the EE, curve after mestranol ingestion is 
only two thirds that after EE, intake, and the same 
appears to be true for the peak values.'® 

This is in accord with experimental data of Bolt and 
Bolt, who determined the in vivo demethylation rate 
of mestranol to EE, to be 53.7%, with the residual mes- 
tranol undergoing hydroxylation and conjugation be- 
fore elimination. As another difference, the metabolic 
clearance rate of mesiranol was found to be 
1741 + 393 L/24 h; for EE, it was 1345 + 221 L/24 
h." The clearance rates of the metabolites of radioactive 
mestranol, on the other hand, were shown to be slower 
than those of the metabolites of radioactive EE,." 

In keeping with these findings are data from their 
own laboratory on cortisol binding capacity of trans- 
cortin as influenced by these two estrogens after oral 
application, When using this parameter, mestranol had 
only two thirds the potency of EE, (Fig. 4). Histometric 
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Fig. 2. Pharmacokinetics of 3-ketodesogestrel after single administration of 150 gm desogestrel or 
150 gm 3-ketodesogestrel together with 30 gm EE, each. (Modified from Hasenack HG, Bosch 
AMG, Käär K. Contraception 1986;33:591-6, by permission of the copyright holder, Butterworth- 
Heinemann.) 
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Fig. 3. Pharmacokinetics of CPA and its 15-8-OH-metabolite as measured by high-performance 
liquid chromatography in the course of the reverse sequential therapy in seven androgenized pa- 
tients. Data are expressed as mean + SEM, diurnal course on day 5 and 15 of cycle. (From Ham- 
merstein J. Antiandrogens: clinical aspects. In: Orfanos C, Happle R, eds. Hair and hair diseases. 
Berlin, West Germany: Springer, 1990:827-86, by permission.) 





as well as histologic endometrial findings are also well endometrial findings.'* The lack of differences in 
in accordance with the above.'*° potency between the two estrogens in these investiga- 

No differences in potency between mestranol and tions might have been caused by estrogen dosage being 
EE., on the other hand, were found by others, based too high for the establishment of an appropriate dose- 
either on vaginal cytology,’® on inhibition of gonado- response relationship under in vivo conditions. 


tropin secretion,’” '* on suppression of ovulation, or on In clinical terms, a clear-cut distinction between the 
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Fig. 4. Cortisol-binding capacity of transcortin as influenced 
by mestranol (ME) and ethinyl estradiol (EE), successive mea- 
surements after 14 days of administration of each of the two 
estrogens at two dosage levels in four women with total go- 
nadal insufficiency. (From Schwartz U, Hammerstein J. Acta 
Endocrinol 1974;76:159-71. By permission.) 


two oral contraceptive estrogens cannot be made. 
According to the well-known British-Scandinavian 
study of Inmann et al,” the incidence of thrombo- 
embolism appears to be positively correlated with the 
dose of the estrogen component of the pill, with no 
difference between EE, and mestranol being discerni- 
ble. Contrary to earlier suggestions, the influence of 
the two estrogenic drugs on carbohydrate metabolism 
compares well, and so does their influence on triglyc- 


erides. 


29, 23 
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SESSION V. CLINICAL IMPLICATIONS 
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Gastrointestinal disease and oral contraception 


Jurgen P. Hanker, MD 


Münster, West Germany 


Oral contraceptive steroids play a major role in modern family planning. With the present tendency to 
decrease the doses of both estrogens and progestogens, any factor that reduces the bioavailabilty of the 
lower-dose preparations may have an impact on contraceptive protection. Although ethinyl estradiol, the 
most commonly used oral estrogen, is liable to an enterohepatic circulation as unchanged drug, the 
commonly used progestogens are not. At present, no convincing evidence exists in the human subject that 
disruption of the enterohepatic circulation by antibiotics or antacids does reduce contraceptive efficacy of 
the pill. Oral contraceptive steroids are mainly absorbed from the small bowel, and contraceptive efficacy 
depends on its absorptive capacity. Enhanced passage of gastrointestinal contents or impaired absorption 
may thus contribute to contraceptive failures in patients who have chronic inflammatory disease, diarrhea, 
ileostomy, or jejunoileal bypass. (Am J Osstet GynecoL 1990;163:2204-7,) 


Key words: Oral contraceptive steroids, gastrointestinal disease, contraceptive failure 


Oral contraceptive steroids have now been in wide- 
spread use for more than two decades. It is estimated 
that worldwide these drugs are regularly taken by more 
than 60 million women.’ Over the past few years, a 
large body of information has appeared dealing with 
the clinical pharmacology of these substances in young 
and healthy women. In contrast, the knowledge about 
the pharmacokinetics of oral contraceptive steroids in 
disease states is only limited. To reduce toxicity of oral 
contraceptive preparations, both estrogenic and pro- 
gestogenic components have gradually been reduced. 
Most contraceptive formulations now contain <50 pg 
estrogen and | mg progestogen or less. Any factor that 
reduces the bioavailability of these lower-dose prepa- 
rations may thus become very relevant in terms of con- 
traceptive protection. Dietary factors, gastrointestinal 
disturbances or diseases, or drugs that interact with 
contraceptive steroids and thereby reduce their efficacy 
may constitute some of these factors. Because oral con- 
traceptive users undergo prolonged periods of steroid 
ingestion, they most likely experience dietary or gas- 
trointestinal problems or coadministration of an ad- 
ditional drug at some time during oral contraception. 


From the Zentrum fiir Frauenheilkunde of the Westfälische Withelms- 
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Enterohepatic circulation of oral 
contraceptive steroids 


Oral contraceptive steroids are of two types: estro- 
gens and progestogens. Of the estrogens, ethinyl es- 
tradiol is the most important. Less commonly used 
is mestranol, the methylated derivative of ethinyl es- 
tradiol. 

Ethinyl estradiol is rapidly absorbed in humans, and 
peak concentrations of the drug are reached by 120 
minutes after variable dosing.** After a single oral dose 
of 50 ug, peak concentrations of ethinyl estradiol range 
from 100 to 200 pg/ml.” During long-term treatment 
with 30 to 50 wg ethinyl estradiol daily, a plasma con- 


. centration range of 6 to 190 pg/ml is found.”! 


Ethinyl estradiol undergoes considerable first-pass 
metabolism,'? of which the chief reaction is sulfate con- 
jugation in jejunal mucosa.” Gut wall conjugation ac- 
counts for about 65% of the first-pass elimination of 
the drug.” Thus bioavailability of an oral preparation 
relative to an intravenous one is 40% on average; the 
interindividual variation, however, is great (20% to 
65%).* Preliminary data suggest that gut wall metabo- 
lism of ethinyl estradiol is reduced in patients with celiac 
disease, thereby increasing the bioavailability of the ste- 
roid. However, the clinical relevance of this observa- 
tion has yet to be confirmed. 

Because of the 17a-ethinyl group, ethinyl estra- 
diol is relatively resistant to metabolism by 16a- 
hydroxylation, which in the case of estradiol itself leads 
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to the formation of 16a-hydroxyestrone and estriol. 
Thus the substance is metabolized chiefly by aromatic 
hydroxylation, resulting in the most important ring, A 
metabolite 2-hydroxy-ethinyl estradiol.’* '° Addition- 
ally, ethinyl estradiol may be hydroxylated in the C,, 
Cs, and C,, positions,’” '* and 6a- and 168-hydroxy- 
ethinyl estradiol are formed. These metabolites are 
conjugated chiefly with glucuronide.” 

Ethinyl estradiol] is excreted in-bile and urine prin- 
cipally as glucuronide or sulfate conjugates.” Conju- 
gation takes place largely on the 3 position. After ex- 
cretion in the bile,” these conjugates reach the gut lu- 
men and are hydrolyzed by enzymes present in gut 
bacteria. Thus the original compound is liberated and 
may be reabsorbed.” This mechanism forms the basis 
for an enterohepatic circulation of ethinyl estradiol as 
an unchanged drug. At present it is not clear to what 
extent the enterohepatic recirculation contributes to 
the overall plasma concentration profile of ethinyl es- 
tradiol in the human female.” If one assumes that it 
does, any disruption of this mechanism should increase 
the risk of contraceptive failure. 

Oral treatment with antibiotics would be expected to 
interfere with enzymatic hydrolysis and hence reduce 
or abolish steroid reabsorption from the gut. It is the 
unconjugated steroid only that can be reabsorbed 
across the intestinal mucosa. Reports exist in the lit- 
erature that link oral antibiotic therapy to contraceptive 
failures in oral contraceptive users.'”**°° However, clin- 
ical studies with ampicillin have failed to demonstrate 
any significant interaction between the antibiotic and 
oral contraceptive steroids.*”*° 

Prolonged ampicillin therapy will rapidly lead to re- 
sistant organisms in the gut. Resistance to ampicillin 
may develop within 5 to 6 days of therapy.*’ Any sig- 
nificant effect on ethinyl estradiol metabolism may, 
therefore, have been missed if monitoring started after 
2 weeks’ therapy. However, continuous observation 
during a 5-7 or 7-day regimen® of ampicillin also did 
not reveal any substantial effect on steroid metabolism. 
Similar results have been obtained with erythromycin 
or trimethoprim in human subjects.” At present, no 
convincing evidence exists that antibiotics substantially 
interfere with oral contraceptive steroids at the level of 
the enterohepatic circulation. However, other mecha- 
nisms, such as interference with steroid-degradating 
enzymes in the liver, cannot be ruled out; these will be 
dealt with separately. 

Use of antacids for several specific and nonspe- 
cific gastrointestinal complaints is widespread. Self- 
administration of antacids is a common phenomenon. 
Antacids are known to interact with several therapeutic 
agents, thereby reducing their bioavailability.” In vitro 
adsorption of synthetic sex steroids on antacid mag- 
nesium trisilicate has been demonstrated.” However, 
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in vivo bioavailability of contraceptive steroids was un- 
affected by concomitant antacid administration. In 12 
women who were given an antacid (magnesium trisil- 
icate, 0.5 gm, and dried aluminium hydroxide, 0.25 
gm) and a contraceptive pill (containing ethinyl estra- 
diol, 30 wg, in combination with either norethisterone- 
acetate, | mg, or levonorgestrel, 150 pg) simulta- 
neously, no change in the total bioavailability of any 
steroid was seen.** Moreover, no delay in the time taken 
to reach peak concentration was seen. The authors con- 
clude that clinically significant interactions between oral 
contraceptives and antacids appear to be unlikely in the 
in vivo situation. 

Mestranol is less commonly used as the estrogenic 
component of contraceptive steroid formulations. In 
the body, mestranol is rapidly converted to ethinyl es- 
tradiol by hydrolysis,’° and the estrogenic effect is al- 
most entirely caused by the demethylated compound. 
Mestranol and ethinyl estradiol can be regarded as 
equipotent.” After demethylation, mestranol is metab- 
olized in a fashion similar to that with ethinyl estradiol, 
including enterohepatic recirculation. 

The most commonly used progestogens in oral con- 
traceptives are norethisterone, levonorgestrel, deso- 
gestrel, and less commonly, the pregnane derivatives 
cyproterone acetate and chlormadinone acetate. The 
progestogens norethynodrel, ethynodiol diacetate, ly- 
nestrenol, and norethisterone acetate are metabolized 
to norethisterone and become active as such. Desoges- 
trel has to be converted to tts active compound, 3-keto- 
desogestrel, and norgestimate is active after conversion 
to norgestrel-178-acetate and levonorgestrel. 

All of the steroids are well absorbed in human sub- 
jects, with levonorgestrel being completely bioavailable 
and norethisterone 70% available on average. 

Norethisterone is chiefly metabolized by saturation 
of the double bond and reduction of the 3-keto group 
to a hydroxyl group. The metabolic pathways of le- 
vonorgestrel include 2a hydroxylation, 3a-58 reduc- 
tion, 168 hydroxylation, glucuronidation of the 16B- 
hydroxy metabolite, and direct sulfate conjugation.” It 
is apparent that the progestogens have to be reduced 
at the 3 position before conjugation. Because little ev- 
idence exists for direct conjugation at the 17 position, 
the progestogens do not undergo enterohepatic recir- 
culation as unchanged drugs. Any disruption of this 
latter mechanism would therefore have no impact on 
contraceptive efficacy. 


Chronic inflammatory bowel disease and oral 
contraceptive steroids 


Ample evidence exists of an association between 
chronic inflammatory bowel disease and smoking hab- 
its. Patients with ulcerative colitis tend to be nonsmok- 
ers, and patients with Crohn disease tend to be 
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smokers.*® + However, evidence also exists that women 
taking oral contraceptive steroids have an increased risk 
of Crohn disease.**** According to Vessey et al., the 
use of oral contraceptives is more strongly associated 
with ulcerative colitis than with Crohn disease. A direct 
correlation between the duration of oral contraceptive 
use and the relative risk of Crohn disease has been 
demonstrated.“ Accordingly, the relative risk is in- 
creased eight-fold after contraceptive pill use for more 
than 5 years; this high risk is normalized when at least 
4 years have elapsed since the last pill use. 

The pathogenetic role of oral contraceptives in 
chronic inflammatory bowel disease, if any exists, re- 
mains obscure. The observation that colonic Crohn dis- 
ease is particularly associated with the use of contra- 
ceptive steroids suggests a vascular basis for the lesions. 
Kirsner and Shorter” proposed a role for transient 
insults, including ischemia, in the development of in- 
flammatory bowel disease. Acute segmental colitis as- 
sociated with pill use have been interpreted by ischemic 
episodes** * including the mesentery. 

The belief has been widespread that women who take 
oral contraceptive steroids and who have diarrhea are 
at risk of contraceptive failure. Women with an ileos- 
tomy might be at even higher risk because of an en- 
- hanced intestinal passage of gastrointestinal contents 
as well as the loss of enterohepatic steroid recirculation. 
In patients having undergone ileostomy for ulcerative 
colitis involving only the colon, the bioavailability of 
ethinyl estradiol and levonorgestrel (after a single oral 
dose of 50 ug of ethinyl estradiol and 250 ug of le- 
vonorgestrel) was not different from that of control 
subjects.“ Similar results were obtained in patients with 
unoperated ulcerative colitis.** However, plasma levo- 
norgestrel levels were reduced after either conventional 
ileostomy or proctocolectomy with construction of a 
continent ileostomy. The lowest levels of levonorgestrel 
were recorded in patients with the largest (10 and 35 
cm) bowel resections. It is suggestive to explain these 
results by a reduced overall absorptive capacity caused 
by the loss of 35 to 45 cm of terminal ileum needed for 
construction of the pouch. However, direct adminis- 
tration of levonorgestrel into the pouch showed that 
the ileal mucosa had retained its absorptive capacity in 
spite of morphologic changes® and bacterial over- 
growth. The exact mechanism leading to reduced bio- 
availability under these conditions remains obscure. 

Jejunoileal bypass has long been standard surgical 
procedure in the treatment of morbid obesity. The ra- 
tionale for this operation is to bypass the major part of 
the small bowel to reduce its absorptive capacity. 

In seven morbidly obese women, jejunoileostomy end 
side had been performed, leaving 37 cm of jejunum 
and 12.5 cm of ileum in continuity. After an oral load 
with either 3 mg of norethisterone or 250 pg of levo- 
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norgestrel, a significantly reduced bioavailability of ei- 
ther steroid was observed.” These data clearly dem- 
onstrate that oral contraceptive steroids are mainly ab- 
sorbed in the small bowel and that contraceptive 
efficacy is dependent on its absorptive capacity. In case 
of small bowel diarrhea, contraceptive failure is likely 
to occur. In most instances, however, diarrhea is of 
colonic origin and should therefore not affect contra- 
ceptive safety. 
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Influence of oral contraceptives on drug therapy 
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interferences between drugs and oral contraceptives are considered to alter pharmacokinetics and thus 
the efficacy of steroidal hormones. it should be noted, however, that steroids can also modify the 


metabolism and pharmakodynamic efiects of various substances. To the present knowledge, phase | (i.e. 


oxidation, demethylation) and phase |! reactions (conjugation) are concerned. Drugs sharing those 
enzymatic systems with oral contraceptives experience either an increase in bioavailability by inhibition of 
oxidative metabolism or undergo accelerated elimination by induced conjugation. Such interaction may be 
of practical interest in subjects who take oral contraceptives and are simultaneously treated with 
antidepressants, antihypertensives, insulin, synthetic glucocorticoids, theophylline, and caffeine. (Am J 


Osstet GYNECOL 1990;163:2208-13.) 
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Although oral contraceptives (OC) are among the 
most widely used drugs in the world whose effects and 
side effects have been extensively investigated, their 
pharmacology still remains a perplexing field of mul- 
tivariate processes. The biochemical and physiologic 
actions of estrogens and gestagens are not simply ad- 
ditive when given in combination, and their interactions 
with other drugs lead to an even greater degree of 
complexity. The following attempt to review the effects 
of OCs on the pharmacology of other drugs will inev- 
itably be all but satisfactory not only because it is made 
by a gynecologist but also because a reviewer's task is 
to condense and stratify information rather than to 
present all details available. 

Three major principles of drug interactions exist, of 
which the chemical reaction between drugs is unlikely 
to apply to steroid hormones. OGs can, however, influ- 
ence pharmacokinetics, particularly through protein 
binding patterns, and metabolism, and they can also 
interfere with pharmacodynamics. 

Most commonly interactions of OCs with other drugs 
will take place if phase I reactions are concerned. It is 
well known that cytochrome systems P-450 and P-448 
can be inhibited by OCs either directly or by compe- 
tition. Moreover, phase II reactions, namely, conjuga- 
tion with acids, are positively mfluenced by OCs 
through enzyme induction. Orally administered ethinyl 
estradiol (EE) exerts a strong stimulatory effect on pro- 
tein synthesis, which is partly opposed by gestagens. 
Finally, receptor-mediated hormonal actions may in- 
terfere with wanted or unwanted drug effects of hor- 
monal and nonhormonal agents. 
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Before I discuss groups of commonly prescribed 
pharmaceutical products in detail with respect to the 
interfering actions of OCs, a few basic remarks are 
necessary: 

1. Combined OCs represent a homogenous group 
of hormonal agents as far as the type of estrogen 
and the oral route of administration are con- 
cerned. 

2. Combined OCs are heterogenous with regard to 
the doses of EE and the type and-dosage of the 
gestagen. 

3. The biologic effects of OCs do not depend solely 
on their composition and route of administration, 
but to a large extent depend on individual factors 
such as age (metabolic activity), individual phar- 
macokinetics, dietary habits, body mass, physical 
activity, neuroendocrinologic conditions, and nu- 
merous others. 

These characteristics of OCs and their actions in in- 
dividual organisms will be largely omitted in the fol- 
lowing summary of our knowledge on how OCs modify 
the effects of other drugs. Although I am quite aware 
that simplifications may sometimes lead to wrong con- 
clusions, limited space demands this sacrifice for a more 
pragmatic approach (Table I). Contradictory findings 
in the following studies cited may be explained by fac- 
tors such as differences in OC composition and indi- 
vidual conditions. 

Analgesics belong to the most frequently taken drugs 
available without medical prescription, and thus it is 
not remarkable that they are often taken during hor- 
monal contraception. Phenazone is mainly metabolized 
by oxidation: Its halflife is prolonged, and its clearance 
rate is reduced by OCs as a result of delayed hydrox- 
ylation. Similar conclusions were reached by the au- 
thors of other studies investigating the effects of EE on 
pethidine, a synthetic morphine-analog. Morphine un- 
dergoes conjugation with glucaronic acid, and enzy- 
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Table I. Influence of OCs on the pharmakinetics of commonly prescribed drugs 











Bioavailability 





Analgesics Phenazone Inhibited oxidation Teunissen et al., 1982% 
Decreased clearance Abernethy et al., 1981” 
Increased half-life Crawford et al., 1966% 
Aminophenazone Inhibited demethylation Herz et al., 1977” 
Paracetamol Induced conjugation Mitchel et al., 1983° 
Miners et al., 1983a 
Induced oxidation Miners et al., 1983 
l Increased clearance Abernethy et al., 1982% 
Aspirin Induced conjugation Miners et al., 1986? 
Morphine Induced conjugation Mitchell et al., 1983b 
Ethylmorphine Inhibited demethyl- Carter et al., 1973 
ation 
Pethidine Inhibited oxidation Herz et al., 1977*! 
Tranquilizers Alprazolam Stoehr et al., 1984° 
Trizolam Stoehr et al., 1984° 
(bromazepam) Ochs et al., 1987 
Chlordiazepoxid Decreased clearance Roberts et al., 1979* 


Greenblatt et al., 1977” 
Patwardhan et al., 1983% 


Nitrazepam Inhibited oxidation Jochemsen et al., 19827 

Diazepam Giles et al., 1981” 

i Abernethy et al., 1982, 
19841032 


Routledge et al., 1981” 
Greenblatt et al:, 1980" 
Stoehr et al., 1984°® 


Lorazepam Increased clearance Patwardhan et al., 1983°° 
Temkzepam 
Oxazepam (Increased conju- Stoehr et al., 1984° 
gation) Patwardhan et al., 1983% 
Abernethy et al., 1983” 
Tricyclic antide- Imipramine Decreased clearance Abernethy et al., 1984” 
pressants 
Antiepileptics Phenytoin Inhibited oxidation ` Kutt et al., 1968“ 
De Leacy et al., 1979” 
Hooper et al., 1974" 
Barbiturates Inhibited oxidation l Tephly and Mannering, 
l 1969* 
Anticoagulants Coumarin derivatives Inhibited oxidation De Teresa et al., 1979" 


MacLeod and Sellers, 1976” 
Koch-Weser et al., 1971" 
Antithypertensives Metoprolol 


Oxprenolol Inhibited oxidation Kendall et al., 1982" 

Propranolol Kendall et al., 1984°° 
Lipid-lowering Clofibrate Increased conjugation Miners et al., 1984 

drugs l Increased glucuroni- 
l dation 
Glucocorticoids Cortisol Decreased clearance Marks et al., 1961” 
Prednisolone Decreased clearance Gustavson, 1986” 
(inhibited oxidation) Legler and Benet, 1986* 


Shaw et al., 1983% 
Boekenoogen et al., 1983°° 
Kozower et al., 19747 
Frey et al., 1984°° 

Frey and Frey, 1985" 


Markers Theophylline Gardner and Jusko, 1986" 
Aminophylline Inhibited oxidation Roberts et al., 1983" 
Oxitriphylline Gardner et al., 1983 
Coffeine. Inhibited oxidation Pathwardhan et al., 1980° 


Abernethy et al., 1985” 
Meyer et al., 1988" 





matic process that is stimulated by OCs, leading to en- bition of its demethylation in the presence of OCs. The 
hanced metabolism and thus inactivation of this drug. ability of OCs to induce enzymatic conjugation, namely, 
In rat liver preparations, however, as shown by Carter with glucuronic and sulfuric acid, seems to be the mode 


et al.,| ethylmorphine metabolism is reduced by inhi- of action by which the metabolism of paracetamol and 
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aspirin is enhanced. In particular, glucuronidation ac- 
counts for 90% of the biotransformation of paraceta- 
mol. Because this substance is also metabolized by ox- 
idation, the corresponding influence of OCs on this 
reaction is of interest. However, the findings reported 
by Miners et al.* and Mitchell et al.* are contradictory. 
It may be of importance to note that Gupta et al.‘ found 
the influence of OCs on aspirin glucuronidation to de- 
crease with the time of OC use. Morphine shows de- 
creased bioavailability as a result of stimulatory effect 
on conjugation with glucuronic acid, whereas in rat 
liver preparation, the demethylation of ethylmorphine 
seems to be inhibited. Pethidine is negatively influenced 
in its metabolism by inhibition of oxidation. 

Whereas numerous reports deal with contraceptive 
efficacy that is threatened by antibiotics and tubercu- 
lostatics, namely, rifampicin, little is known about the 
effects of OCs on antibiotic treatment. Only in the case 
of ampicillin were no alterations in plasma levels found 
in pilltakers between days 2] and 28 of the artificial 
cycle. 

Like analgesics, tranquilizers, namely, the benzodi- 
azepine, are among the most frequently used drugs in 
the Western population. Most of these drugs undergo 
oxidation, and only a few are metabolized predomi- 
nantly by conjugation. Analogous to cimethidine, a 
strong inhibitor of microsomal oxidation, OCs inhibit 
or at least slow down oxidation and thus lead to a re- 
duction in the clearance rates of the benzodiazepines. 
Because the activity of microsomal oxidation processes 
decrease with age and because female sex hormones 
negatively influence the cytochrome P-450 and P-448 
systems, both factors diminish clearance rates of the 
first group of tranquilizers. 7 

In contrast, those benzodiazepines that undergo con- 
jugation as their main metabolic pathway experience a 
higher clearance rate in OC-treated subjects. Other 
benzodiazepines, such as clotiazepam and triazolam, 
showed no pharmacologic changes from OCs.* ° 

For the practical clinician, the question arises whether 
and to what extent pharmacokinetic interactions be- 
tween OCs and benzodiazepines correspond to clinical 
interactions. A significant delay in psychomotor im- 
pairment of OC users compared with nonusers, which 
was observed by Ellinwood et al.’ did not show any 
correlation with the plasma levels of diazepam, which 
had been found to be elevated in women and OC users 
compared with men. Contrasting findings were re- 
ported by Krobath et al.’ for alprazolam, triazolam, and 
lorazepam. Psychomotor changes were most marked in 
women who were on the pill. However, again plasma 
levels did not correlate with the observed clinical effect. 
Therefore, other hypothetic pharmacodynamic inter- 
ferences must be postulated, such as a direct change in 
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membrane properties, to explain the lack of clinical 
manifestation of pharmacokinetic findings. 

Tricyclic antidepressants, such as imipramine, clo- 
mipramine, and chlorpromazine, were suspected of 
having increased side effects in OC users on the basis 
of the observations by Prange.’ It has been demon- 
strated that the clearance rate of imipramine is nega- 
tively influenced by OCs whereas protein binding and 
half-life are unaffected. Imipramine is metabolized by 
demethylation and oxidation before conjugation with 
glucuronic acid; OCs seem to inhibit oxidation and thus 
dugment bioavailability from 27% to 44%.'*" In con- 
trast, clomipramine is not influenced by OCs, although 
its metabolic rate is enhanced by estrogens and inhib- 
ited by gestagens, at least in animal models.” The psy- 
chotropic effects of sex steroids must be added to the 
pharmacokinetic interferences. Thus it seems wise to 
monitor the clinical effects of antidepressants thor- 
oughly if they are given to OC users. 

Antiepileptics of the phenytoin type as well as bar- 
biturates are metabolized by oxidation. In addition to 
influencing the protein binding of phenytoin, OCs lead 
to a lower oxidation rate in both groups. Since both 
estrogens and gestagens interfere w:th amine metab- 
olism in the brain and are known tc augment (estro- 
gens) or lower (gestagens) convulsibility, various phar- 
macodynamic effects are assumed to overlap the clinical 
manifestations of altered pharmacokinetics. 

Indirectly acting anticoagulants, vitamin K antago- 
nists, or coumarin derivatives undergo enzymatic oxi- 
dation that is inhibited by cimethidine and induced by 
phenobarbital. Studies conducted in OC users showed 
the inhibiting effects of OCs. Moreover, pharmacody- 
namic interactions may well be of practical impor- 
tance. Coumarins inhibit the synthesis of vitamin K— 
dependent coagulation factors VII, IX, and X. Estro- 
gens, namely, orally administered EE, stimulate various 
coagulation and fibrinolytic agents, in particular factors 
VII and X, and thus lead to a partial functional antag- 
onism. The net effect of pharmacokinetic and dynamic 
interferences depends not only on EE dose but also on 


‘the type and dose of the gestagen. Because the influ- 


ence of vitamin K antagonists is the limiting factor in 
anticoagulatory therapy, OCs clearly weaken their 
effect. 

The potency of OCs to induce or exaggerate elevated 
blood pressure is well known. EE and gestagens, with 
the exception of progesterone, cause water and sodium 
retention and act by way of antidiuretic hormone and 
aldosterone. The predominant influence is that of EE 
on the synthesis of renin substrate, thus stimulating the 
renin angiotensin aldosterone system. Other sites of 
action of estrogens may be in the heart muscle and the 
vessel wall. Antihypertensive drugs show great het- 
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erogenity in their chemical structure and modes of ac- 
tion. Because OCs influences blood pressure regula- 
tion, pharmacodynamic interactions are to be expected, 
particularly if pill-induced forms of hypertension are 
concerned. 

B-Receptor blockers, such as metroprolol, oxpreno- 
lol, and propranolol, undergo oxidation that is inhib- 
ited by OCs, leading to higher bioavailability. Acebu- 
tolol kinetics do not interfere with OCs since this drug 
undergoes unmetabolized renal elimination. The in- 
teraction of an OC with centrally acting antihyper- 
tensives such as clonidine may be mediated by a- 
adrenergic and dopaminergic receptors. Pharmacoki- 
netic interactions are not known." 

Clofibrate is commonly used in subjects with hyper- 
lipidemia. Its glucuronidation rates are elevated by 
OCs, leading to a 48% increase in the clearance rate. 
Thus the pharmacologic effect of clofibrate is weak- 
ened. However, the well-known pharmacodynamic in- 
fluence of estrogens and gestagens on lipid and lipo- 
protein metabolism should not be neglected. It largely 
depends on the type of contraceptive pill and on a great 
variety of. pretherapeutic conditions that have been 
mentioned above. A general statement that subjects 
treated for hyperlipidemia should not receive OCs can- 
not be made at this time on the basis of pharmacokinetic 
and pharmacodynamic interferences. It is still not clear 
which OCs have effects on the different forms of hy- 
perlipidemia, what these effects are, and how treatment 
results are modified by OCs. 

In contrast to lipid and lipoprotein metabolism, the 
pharmacodynamic influences of OCs mainly relate 
to gestagen interference with antidiabetic treatment. 
Gestagen-induced peripheral insulin resistance may 
lead in some cases to dose adaptation of insulin. Oral 
antidiabetic drugs are not likely to be prescribed to 
juvenile diabetics, which may account for the vast ma- 
jority of diabetic patients being on the pill. 

Of the various hormonal treatment regimens, glu- 
cocorticoids are among the most frequently prescribed 
drugs. It is well known that cortisone-binding globulin 
and the levels of endcgenous cortisol are elevated by 
EE. Since Spangler et al. reported a two-fold to 20- 
fold increase in the antiinflammatory effects of topical 
hydrocortisone on OC users, it has been established that 
estrogens may well influence the ratio of free and 
protein-bound glucocorticoids. The mechanism of es- 
trogen action as described for prednisolone seems‘ not 
only to act by altered protein-binding patterns between 
cortisol-binding globulin and albumin but also by an 
inhibited metabolism of prednisolone, mainly because 
of reduced microsomal oxidation. No influences on 
pharmacokinetics have been found for fluocortolone. 

Substances that are characteristic for specific meta- 
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bolic processes may be regarded as “markers,” in ad- 
dition to their therapeutic properties. Such markers are 
theophylline and derivatives, caffeine, and alcohol. 

Theophylline undergoes oxidation by cytochrome P- 
450 and P-448—dependent systems. Both oxidation and 
clearance rates are lowered by OCs. Because smoking 
exerts an enzyme-inductive effect, inhibitory actions oz 
OCs on theophylline metabolism are not observed in 
smoking subjects who are on the pill. The enzymatic 
and metabolic link between OC and tobacco action, 
however, remains uncertain.'® 1 

Caffeine metabolism is mediated by cytochrome P- 
440 oxidation. As with theophylline, the clearance rates 
for caffeine are negatively influenced by OCs. 

The findings concerning alcohol and alcohol dehy- 
drogenase activity and interaction with OCs are not 
clearly defined. Decreased elimination rates are nat 
likely to result from OC-induced cytochrome P-450 in- 
hibition, to which only a minor metabolic fraction 1s 
subjected. Clinically relevant conclusions cannot be 
drawn at this time:’® '° | l 

OCs exert influences on various vitamins and mir.- 
erals. Increased plasma levels of iron, copper, and vi- 
tamins A, D, and K were found in OC users, wherezs 
concentrations of zinc, folic acid, and vitamins B,, Bs, 
B,» and C decreased with the use of estrogens and ges- 
tagens.*”*’ Whereas in subjects with normal dietary hab- 
its these effects will not be clinical relevant, under de- 
prived conditions, reduced plasma levels of essential 
factors may be of some concern. | 

In conclusion, as noted above, the effects of oral con- 
traceptives on drug therapy are related mainly to the 
inhibition of microsomal oxidation and demethyla- 
tion, as well as the induction of enzymes involved in 
conjugation reactions. Drugs that share these me- 
tabolic pathways will be affected in their pharmacoki- 
netics. 

However, various pharmacodynamic interferences 
between OCs and the effects of other drugs may, in 
most instances, be counterbalanced with kinetic alter- 
ations, resulting in a weak or no obvious clinical man- 
ifestations. Attention should be paid mainly to a pes- 
sible modification of the pharmacologic effects in treat- 
ment with antidepressants antihypertensives, insulin, 
synthetic glucocorticoids, theophylline, and caffeine. 
Even if such interactions may not be present in all sub- 
jects, clinical consequences must be drawn, particularly 
in predisposed persons. 
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Oral contraceptives are clearly contraindicated in patients with a history of thromboembolic disease, 
ischemic hear attack, or cerebral stroke. Patients requiring long-term anticoagulant treatment can be 
treated with gonadotropin-releasing hormone analogs to prevent ovulation, because ruptured follicles can 
cause massive intraperitoneal bleeding. Patients with essential hypertension and severe liver diseases 
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The use of oral contraceptives (OCs) in disease states 
and during drug therapy requires consideration of ab- 
solute and relative contraindications. This article will 
concentrate on the various forms of long-term diseases 
and discuss if the administration of OCs is justified for 
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Table I. Absolute contraindications 





Arterial or venous thrombosis 
Ischemic heart disease 

Cerebral hemorrhage 

Protein C and protein S deficiency 
Antithrombin III deficiency 
Hypertension 
Hypercholesterolemia 

Severe liver diseases 
Estrogen-dependent breast cancer 
Elective surgery 


Table II. Relative contraindications 





Migraine 
Diabetes 
Crohn’s disease 


Epilepsy 
Sickle cell disease 


each disease or if other alternative methods of contra- 
ception are preferred. 

Absolute contraindications to OCs are listed in Table 
I. There is general agreement that OCs are clearly con- 
traindicated in patients with a history of arterial or 
venous thrombosis, ischemic heart disease, cerebral 
hemorrhage, and stroke. Epidemiologic data provide 
evidence of an increased relative risk of venous throm- 
boembolism in otherwise healthy OC users. No con- 
sensus has been reached for the risk of ischemic heart 
disease or cerebral stroke in OC users. Thromboem- 
bolic complications can be attributed to the fact that 
ethinyl estradiol can increase plasma levels of blood 
clotting factors (factors II, VII, and X) associated 
with a decrease in antithrombin III concentrations.” 
Consequently, patients with hypercoagulability caused 
by inherited defects of the clotting system, such as pro- 
tein C, protein S, or antithrombin III deficiency, should 
be excluded from using OCs, because these patients 
tend to.develop thromboembolic complications. Pa- 
tients with a history of thromboembolic disease require 
long-term anticoagulant treatment. However, ovulation 
under these conditions can lead to massive intraperi- 
toneal hemorrhage. In recent years, five patients re- 
celving long-term warfarin treatment were admitted 
to our department in severe hemorrhagic shock. Ab- 
dominal surgery revealed heavy intraperitoneal bleed- 
ings from ruptured follicles or corpora lutea.* Preg- 
nancies occurring during treatment with warfarin are 
of particular concern, because teratogenic effects have 
been described.? Therefore ovulation and pregnancy 
should be prevented in these patients. To suppress 
ovulation, these patients can be given a combined 
gonadotropin-releasing hormone analog/ progesterone 
regimen." ë Low-dose treatment with gonadotropin- 
releasing hormone analogs (Buserelin), nasally applied, 
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suppresses luteinizing hormone surges, whereas basal 


ovarian estrogen secretion is maintained. Analogs of 


gonadotropin-releasing hormone are devoid of unde- 
sirable metabolic side effects. Side effects associated 
with the use of gonadotropin-releasing hormone ana- 
logs are related only to estrogen deficiency. Constant 
endogenous estrogen secretion is sufficient to prevent 
loss of bone mass and to stimulate endometrial prolif- 
eration. To oppose continuous estrogen effects, vaginal 
progesterone suppositories are applied in a cyclic fash- 
ion to induce secretory transformation of the endo- 
metrium and consequently menstrual bleeding:® Pro- 
gesterone is also free of unwanted metabolic side 
effects. 

This approach to birth control is of course limited to 
a selected group of patients who are at high risk for 
thromboembolic complications and require careful 
monitoring. In more than 400 cycles, the pattern of 
menstrual bleeding was acceptable; only one pregnancy 
occurred.’ 

Hypertension is also regarded as a contraindication, 
because OCs can induce elevated blood pressure, pre- 
sumably by stimulation of hepatic angiotensinogen pro- 
duction, leading to activation of the angiotensin- 
renin-aldosterone system.™”® OC-induced hypertension 
is fully reversible after discontinuation of the drug. 
Patients with a blood pressure of 140/90 mm Hg should 
be excluded from the use of OCs, because these patients 
are at increased risk of having hemorrhagic stroke. 
Monitoring of blood pressure before the prescription 
of OCs and during OC intake ts mandatory. Conse- 
quently, essential hypertension is considered an abso- 
lute contraindication. However, pregnancy-related hy- 
pertension does not correlate with OC intake in this 
regard.” Patients with a history of pregnancy-induced 
hypertension remain generally normotensive during 
OC intake. Gestagen-only pills or intrauterine devices 
can be recommended as alternative methods to prevent 
pregnancies in patients with essential hypertension. 

Inherited hypercholesterolemia is also considered a 
contraindication to the use of OCs, because patients 
with chronically elevated cholesterol levels tend to de- 
velop arteriosclerosis and consequently hypertension.” 
These patients are also at increased risk for developing 
ischemic heart disease and myocardial infarction. How- 
ever, the low-dose OCs presently used do not affect the 
lipoprotein pattern adversely; the high-density lipo- 
protein/low-density lipoprotein cholesterol ratio re- 
mains within normal limits. “The lower the steroid 
doses and the more balanced the ratio of progesterone 
to EE, the smaller the change in lipid levels from pre- 
treatment values.”'! The prescription of OCs in these 
patients should be oriented according to vascular con- 
ditions. 

Severe liver diseases, including porphyria and benign 
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liver tumors (adenomas), are contraindications to the 
use of OCs. Benign liver lesions can be induced by 17- 
acylated synthetic steroids in rare instances.'* The in- 
cidence of benign liver tumors among OC users has 
been calculated in the order of 1 :200,000.:7!3 A causal 
relationship between the intake of OCs and the devel- 
opment of liver lesion is evidenced by the fact that these 
tumors regress significantly after discontinuation of the 
pill. We have followed three patients with benign liver 
tumors, which were probably induced by OCs. In all 
three patients the tumor regressed remarkably after 
discontinuation of the drug. The size of the tumor was 
followed by ultrasonography. Subsequently, these pa- 
tients became pregnant. All three pregnancies were un- 
eventful, the infants developed normally, and the size 
of the liver tumors did not increase during pregnancy." 
This clinical observation indicates that in contrast to 
synthetic sex steroids, naturally occurring steroids, even 
in extremely high concentrations, can be metabolized 
easily by the human liver. 

OC use is clearly contraindicated in patients with es- 
trogen receptor—positive breast cancer, because phar- 
macologically active estrogens may stimulate tumor 
progression. 

Major elective surgery is associated with an increased 
risk of deep venous thrombosis and pulmonary em- 
bolism. Therefore it is advisable and is officially rec- 
ommended to discontinue the use of OCs 4 weeks be- 
fore a surgical procedure.’ '° This recommendation, 
however, has been questioned by others.” Emergency 
surgery with subsequent immobilization of the patient 
requires immediate discontinuation of the pill; pro- 
phylactic heparin treatment should be considered.” 

Relative contraindications to the use of OC are listed 
in Table II. Migraine should be considered a relative 
contraindication, because epidemiologic studies indi- 
cate an increased incidence of headache attacks during 
the intake of OCs." In addition, patients tend to be at 
increased risk of thrombotic stroke. If, however, mi- 
graine is temporally related to menstrual bleeding, OCs 
can be prescribed. A tricyclic regimen is recom- 
mended, and the patient is advised to take the pill con- 
tinuously for 3 months, followed by a 7-day pill-free 
interval!” 2° 

Patients suffering from focal migraine caused by 
transitory cerebral ischemia requiring long-term er- 
gotamine medication should refrain from the use of 
OCs." 

The administration of OCs to diabetic patients has 
been discussed extensively in the literature. Numerous 
clinical studies are related to this subject, because it was 
anticipated that orally active sex steroids might increase 
peripheral insulin resistance. Whereas exogenous es- 
trogens do not interfere with carbohydrate metabolism, 
gestagens can reduce cell responsiveness to insulin, 


Oral contraception in disease states 2215 


leading to slightly.elevated circulating insulin levels.” 
The diabetogenic effect of progestogens is caused by a 
change in insulin receptor binding or a postreceptor 
defect.” Chronically elevated glucose levels lead to in- 
hibition of lipolysis and cholesterol synthesis, resulting 
in the development of atherogenic lesions. The use of 
low-dose OCs seems effective in decreasing alterations 
in carbohydrate metabolism compared with high-dose 
formulations.” However, even low-dose preparations 
must be considered amplifiers of risk factors.” Mean- 
while there is general consensus that an otherwise 
healthy young diabetic patient can use low-dose OCs 
for a limited duration without being at risk of wors- 
ening the metabolic conditions. However, careful mon- 
itoring of these patients is required. Vascular lesions 
related to the diabetic disease are considered absolute 
contraindications to further use of OCs. 

Crohn’s disease is also listed as a relative contrain- 
dication. According to the data of the Royal College of 
General Practitioners’ cohort study,” there is evidence 
that the incidence of Crohn’s disease was increased by 
40% in OC users. In addition, in a case-control study,” 
the incidence of Crohn’s disease was doubled in women 
taking OCs. Therefore precautions in prescribing OCs 
to these patients must be taken. 

Epilepsy requires long-term treatment with anti- 
epileptic drugs. All commonly used compounds for the 
treatment of this disease are considered hepatic en- 
zymes inducers. Therefore increased OCs doses may 
be necessary.” Another alternative is the tricyclic reg- 
imen. The frequency of epileptic attacks can be reduced 
by maintaining steady hormone levels.” In addition, it 
is advisable to reduce the pill-free interval to 4 to 5 
days. Furthermore, the cycle should be monitored care- 
fully by keeping a menstrual diary. Breakthrough 
bleedings indicating enzyme induction require in- 
creased doses of ethinyl estradiol. 

Sickle cell disease is associated with an increased risk 
of thrombosis. Therefore OCs should not be used, par- 


. ticularly when other risk factors are present.” 
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Conclusion 


Prof. Dr. Herbert Kuhl, MD 
Frankfurt am Main, Federal Republic of Germany 


The program of the symposium on “Pharmacoki- 
netics of Oral Contraceptives and Drug Interactions” 
was planned to enable comprehensive discussions be- 
tween basic scientists and clinicians. Even though the 
appraisal of the clinical relevance of certain in vitro 
findings remains controversial, it might induce new in- 
sights into the mechanism of action of the pill and the 
cause of adverse effects. 

The meeting began with the pharmacokinetics of ste- 
roids contained in modern low-dose pills. The discus- 
sion focussed on two points, namely, the large intra- 
and interindividual variations and the rise in steroid 
levels during multiple intake. Variability is not limited 
to steroids undergoing first-pass effect and can be ob- 
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served to a similar extent when the steroids are ad- 
ministered vaginally. When the serum concentrations 
are measured several times in the same women, a dis- 
tinct individual pharmacokinetic pattern becomes dis- 
cernible. Therefore the interindividual variations are 
in all probability caused by genetic or acquired dif- 
ferences in the metabolic capacity of the liver and 
the intraindividual variations by short-term metabolic 
changes induced by environmental factors. It is inter- 
esting to know that even during percutaneous or trans- 
dermal estrogen replacement therapy, the serum levels 
of estradiol and estrone vary to a similar degree within 
a few hours. Regarding the pill, large variations have 
also been observed in the ratio between the levels of 
ethinyl estradiol and the prostogen, indicating that 
changes in the metabolism of estrogens and proges- 
togens must not be parallel and that there is no optimal 
estrogen/progestogen ratio. The rise in the serum 
levels of nortestosterone derivatives during multiple 
intake is well known and was associated with the binding 
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of steroids to sex hormone—binding globulin (SHBG), 
the production of which is increased by ethinyl estra- 
diol. However, some observations have indicated that 
an inhibition of hepatic metabolism of the progestogens 
by contraceptive steroids is also involved. The steady- 
state levels of levonorgestrel and gestodene were higher 
than those obtained by computer simulation based on 
single-dose administration. Moreover, during intake of 
a low-dose combination of 30 wg of ethinyl estradiol 
and 150 wg of levonorgestrel, the levonorgestrel levels 
rose, even though the SHBG levels remained un- 
changed. A similar rise in the serum concentrations was 
also observed during multiple intake with ethinyl es- 
tradiol, which is nearly exclusively bound by albumin. 
Because albumin is not influenced by the pill and ethi- 
nyl estradiol sulfates do not represent a reservoir for 
ethinyl estradiol on account of a half-life similar to that 
of ethinyl estradiol, it must be assumed that the increase 
in the levels of ethinyl estradiol is caused by an inhi- 
bition of hepatic metabolism. 

Gastrointestinal metabolism plays a role in the phar- 
macokinetics of steroids undergoing first-pass effect. 
Ethinyl estradiol is metabolized to a large degree in 
the gut wall, mainly by sulfate conjugation. Desogest- 
rel and norgestimate, which are prodrugs, are also 
substantially metabolized in the intestinal tract. The 
pharmacokinetics of prohormones may differ from 
that of steroid hormones by the lapse of time until peak 
levels are reached. While desogestrel is rapidly con- 
verted in the gut and liver into the hormonally active 
metabolite 3-keto-desogestrel, the mechanism of action 
of norgestimate is less clear, and the pharmacokinetics 
of levonorgestrel-17-B-acetate, levonorgestrel-3-oxime, 
and levonorgestrel, which are metabolites of norgesti- 
mate, are only partly known. It has to be taken into 
consideration that a retarded conversion of a prodrug 
may avoid high peak concentrations of the active hor- 
mone in the liver during the first liver passage and 
consequently may reduce the influence of the hormone 
on hepatic metabolism. 

It is assumed that steroid distribution between var- 
ious protein-bound and non-protein-bound compo- 
nents in serum may influence their bioavailability at 
target cells and their elimination rate. Contrary to ethi- 
nyl estradiol, which is bound with low affinity to al- 
bumin, the nortestosterone derivatives are more or less 
tightly bound to SHBG. Both levonorgestrel and ges- 
todene are bound with high affinity to SHBG, whereas 
3-keto-desogestrel is markedly less and norgestimate 
and levonorgestrel-3-oxime are not at all bound to 
SHBG. However, the role of serum protein binding in 
the control of pharmacokinetics and pharmacodynam- 
ics still remains a matter of controversy, because, on 
the one hand, binding proteins has been suggested to 
be involved in the process of steroid uptake by target 
cells, and on the other hand, association to and disso- 
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ciation from binding proteins is a dynamic process that 
is markedly influenced by the concentration gradient 
of the steroid between blood and cell. Consequently, 
the inactivation rate within the cell and the specific 
binding to receptors or proteins in the cytoplasm or 
nucleus play an important role. Nuclear receptor bind- 
ing of steroids is the principal determinant of biologic 
action, and because the number of specific receptors is 
limited, full occupation and maximal response may oc- 
cur at relatively low hormone concentrations, The in- 
volvement of serum protein binding in the control of 
hepatic inactivation and elimination remains obscure, 
because levonorgestrel and gestodene are bound by 
SHBG with similar affinities, but only gestodene ac- 
cumulates in the blood to such an extent that extraor- 
dinarily high serum levels are reached despite the low- 
est dose contained in an oral contraceptive. 

Ethinyl estradiol is predominantly metabolized by hy- 
droxylation of the aromatic ring A. The relevance of 
irreversible binding of the synihetic estrogen to pro- 
teins and deoxyribonucleic acid remains unresolved. 
The pathway of these chemical reactions, which may 
also affect hepatic enzymes, is unclear, but oxidative 
conversion of 2-hydroxy-ethinyl estradiol into a reac- 
tive intermediate seems to be involved. Steroids con- 
taining an ethinyl group are capable of inactivating 
hepatic cytochrome P-450-dependent enzymes, which 
are responsible for oxidation and demethylation of ste- 
roids and drugs, such as the 2-hydroxylation of ethinyl 
estradiol. It was demonstrated in vitro and in vivo that 
after oxidative conversion oi the ethinyl group, the 
reactive intermediate binds irreversibly to the heme 
group of the cytochrome that is destroyed. With the 
use of human liver microsomes, several ethinylated ste- 
roids were found to be mechanism-based inactivators 
(suicide inhibitors) of cytochrome, among which ges- 
todene was the most potent. The chemical reactions of 
activated intermediates, both at the aromatic ring A and 
the ethinyl group, may be responsible for the rise in 
steroid levels during multiple intake of contraceptive 
steroids. The inhibitory action of high gestodene con- 
centrations, particularly during first liver passage, 
might be causative for the higher serum concentrations 
of ethinyl estradiol during treatment with a combina- 
tion of 30 pg ethinyl estradiol and 75 ug of gestodene 
compared with those with 30 wg of ethinyl estradiol 
and 150 pg desogestrel. 

Drugs may interact with the pharmacokinetics of 
steroids by induction of hepatic enzymes, resulting 
in an enhanced metabolism of contraceptive steroids 
that may impair contraceptive effectiveness. On the 
other hand, oral contraceptives may inhibit drug- 
metabolizing enzymes, resulting in a prolongation of 
half-life and an increase in the serum concentrations 
of a series of drugs, The clinical relevance of these 
effects is not clear, but an enhancement of the adverse 
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effects of imipramine during concomitant treatment ` ` 


with oral contraceptives has been reported. 


Antibiotics may interfere with the enterohepatic re- 


circulation of ethinyl estradiol by destroying gut flora. 
Because intestinal bacteria may develop resistance to 


the antibiotic within several days, the effect may be. 


transitory. There i is little direct conjugation of proges- 


.togens at the 178-hydroxy group, and the main met- 


abolic steps are A ring reduction and subsequently 


conjugation of the 3- -hydroxy group. Therefore eñ- 


terohepatic recirculation of progestogens is of no im- 
portance. Because in low-dose oral contraceptives the 


progestogen component is responsible for ovulation in- ` 


hibition and contraceptive effects on the cervix and 


endometrium, treatment with antibiotics may cause ir- 


regular bleedings by reducing the estrogen level but 


may hardly impair contraceptive safety, provided that. 


the pill is taken correctly.and the antibiotic does not 


‘induce steroid-metabolizing enzymes in the liver. 


Two aspects must be considered when oral contra- 
ceptives are applied in a disease state; the most impor- 


tant problem is the absolute and relative contraindi- 


cations, for-example, in patients with thromboembolic 
or liver disease in their history, whereas impairment of 
the contraceptive effect may result- from reduced ab- 
sorption in patients with gastrointestinal diseases. The 


bioavailability of steroids is not affected by antacid ad- ` 
ministration, and neither diarrhea of colonic origin nor 


ulcerative colitis was found to influence absorption. 
Whether ileostomy or proctocolectomy may reduce bio- 
availability remains to be clarified. Oral contraceptives 
are contraindicated in patients with a history of throm- 
boembolic disease, ischemic heart attack, or cerebral 


stroke. Administration of the pill should be discontin- 


ued 4 weeks before elective surgery. During long-term 
anticoagulant therapy, ovulation should be prevented, 
since ruptured follicles can cause massive’ intraperito- 
neal bleeding. In these patients treatment with a po- 
tent luteinizing hormone-releasing hormone analog 
should be a suitable method. Essential hypertension 
and liver disease are also contraindications, as well as 
hypercholesterolemia, which often is associated with 
atherosclerosis and an increased risk of myocardial in- 
farction. ` 

Pharmacodynamics include both receptor- mediated 


effects and receptor-independent actions on enzymes. 
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and other proteins, on mémbrenes, and so forth. When 
potent sex stéroids are. used, receptor-mediated hor- 
monal effects may reach an upper limit at relatively low 
serum concentrations. In this case it will be difficult to - 
substantiate significant differences in the effect of, for 


‘example, different progestogens. A similar problem is 
` the possible effectiveness of endogenous estradiol pro- 


duced by developing follicles during treatment with . 
low- or high-dose oral contraceptives. Although occu- 


¿pation of 4 relatively small- portion of estrogen recep- 


tors may trigger the maximal biologic effect in some 
target tissues, it cannot be excluded that high éstradiol 
levels may contribute to side effects such as mastalgia. 


‘It remains to be clarified whether during the elimina- 


tion phase of the time-versus-concentration, curve with 
decreasing ethinyl estradiol levels, endogenous estra- 
diol may become effective. On the other hand, mas- 
talgia might also be the result of insufficient action of 
the progestogen component, which at the same time is 
the cause of follicular: activity. 

_ Contrary to this, receptor-independent effects, such 
as irreversible interactions of ethinylated steroids with 
proteins and other functional units, are largely depen- 


. dent on dose and concentration. They may well explain 


the toxic effects of ethinylated steroids on the liver 
during chronic treatment, which has been known for 


| many years. 


Although the papers presented at this symposium . 
and the intensive discussions that followed have clari- 
fied some questions coricerning the action and safety 
of oral contraceptives, the questions that have newly 
emerged are more than those that could be answered. 


` The factors responsible for the large day-to-day vari- 
` ations if the steroid levels and the hepatic metabolism 


remain to be investigated; mental and physical stress, 
diet, and drugs may be involved. Deficient knowledge 
also surrounds the role of target cell metabolism and 
storage in fat tissue. Could ethinyl estradiol be trans- 
ported in lipoproteins after esterification with fatty 


acids? Is there a change 1 in the pharmacokinetics with 


age? . : 
The most important: conclusion of the symposium 
right be that obviously the dev elopment of the pill has 
not yet reached an endpoint, as was claimed after the 
introduction of the recent low-dose-oral contraceptives, 
and that new concepts are necessary. 


